1OM

) Proceedings of the Twelfth Western International Forest Discase Work Conference
Berkeley, California
TABLE OF CONTENTS
Page
2 Foreword
5  Opening Remarks

PANEL I': ASPECTS OF BIOLOGICAL CONTROL OF TREE DISEASES

6  Biological Control of Forest Tree Rust and Needle-Cast Pathogens

18 Microbiological Communities and Pbssibility of Biological Control of Tree Diseases

October 1964

Keith Shea-

"Paul D. Keener

Gertrude D. Pentland and John E. Bier

24 Biological Control of Dwarfmistletoes
28  Biological Control of Root Diseases

PANEL II - THE ROLE OF ANTIBIOTICS IN CONTROL OF TREE DISEASES

34 Control of Rhabdocline Needle-cast by Antibiotics

36  Problems in Evaluating Results of Antibiotic Treatments for Control of Tree Diseases :
Charles D. Leaphart

40  Technical Problems in Control Programs
42 Experimental Antibiotic Control of Blister Rust on Sugar Pine

47  Antibiotic and Chemical Tests for the Control of Blister Rust on Eastern White Pine

Robert F. Scharpf
G. W. Wallis

L.C. Weir

Virgii D. Moss
Clarence R. Quick

William R. Phelps and Ray Weber

49  Role of Antibiotics in Control of White Pine Blister Rust in the Northern Region
52 Antibiotics on Western White Pine in Pacific Northwest Region, U.S.F.S.
55  Some Views on Biological Essays of Antibiotics used Against Forest Pathogens

PANEL III - IS ARMILLARIA MELLEA A MENACE IN FORESTS?

61  Armillaria Damage Appraisal in Natural Regeneration of Lodgepole Pine

63  Some Observations on Armillaria Mellea in British Columbia.

66  Control of Armillaria Root Rot

72 Nutritional Aspects of Growth and Rhizomorph Production by Armillaria Mellea
75 Summation to Armillaria mellea in Forests

PANEL 1V - ADVERSE ENVIRONMENT AND FOREST DISEASES

77  Disease Caused by Adverse Environment in the Alberta Region
78 A Current Appraisal of Damage to Forests from Air Pollution
79 Smog Injury to Ponderosa Pine in Southern California

80  Mechanism of Smog Injury to Conifers in California

Homer J. Hartman
Donald P. Graham
S. O. Graham

J. A. Baranyay
L.C. Weir
Lewis F. Roth
A. R. Weinhold
H. S. Whitney

J. A. Baranyay
George H. Hepting
J. R. Parmeter, Jr.
Paul R. Miller



SPECIAL REPORTS

82  Diseases of Forest Trees in Hawaii E. E. Trujillo
83  Some Foliage Diseases of Christmas Trees in Western Washington Jack D. Rogers
89  Translocation Relationships Between Mistletoes and Their Hosts O. A. Leonard and R. J. Hull
91  Sapwood Staining Fungi in the Genera Ceratocystis and Europhium _
Ross W. Davidson and Robena C. Jeffrey
96  Some Gymnosporangium Species in California with Special Reference to Gymnosporangium fuscum
Dan Y. Rosenberg
98  Dothistroma pini in British Columbia . A. K. Parker
APPENDICES
99  New - Active Projects and Terminated Projects
103  New or Modified Techniques
106  Publications
111 Minutes of the Business Meeting of the 12th WIFDWC
115 Committee Report on status and Needs of Research on Dwarf Mistletoes



The twelfth WEStern Internatlonal Forest Disease Work Conference
_was_held..October 12-16, 196l, ‘in Berkeley, California.

‘Both.the . ...

:, Pa01flc Southwest Forest and Range Experlment Station and the’ Depa%t;.h
" ment of -Rlant Pathology, Unlver51ty of Callfornla, -Were hbsts fqr the

: conference.rw-'“

Tl
l

T

A Seventy-four membérs and. guests reg}stered for the conference. o
Registration was held in the Pacific Southwest Statlon Conference

Room, Monday morning.

In the afternoon refre

shment s were served’ and

- the canference members were welcomed. to the Station by Director John

‘MceGuire .

The remainder of ‘the afternoon was. spent visiting ‘the Unis

_ ver51ty and - Experlment Station leboratorles and in 1nformel dlscus-;;?
" glons among host and’ v151tlng members., B

Y.'

e

The meetlngs ‘began Tuesday mornlng and were held in the Regents ‘
..Room, University Hall, University of California. :

Chalrman.Shea Qpened

" with his welcoming remarks and.Dr. W. C. Snyder, Department of Plant
Pathology, welcomed the members to Berkeley ‘on behalf .of the Unlverslty

of ‘California.

Three days of stlmulatlng ‘meetings followed.

On

. Friday.a field trip was made to Boggs Mt. State Forest-via the Napa.-

' Valley, a noted wine-growing region...

. Those making the trlp not onLy

were exposed to gall rusty’ Fomes. annosus, and dwarfmistletoe, -but were
‘also able to visit the w1ner1es and sample some of Callfornla's flne

w1nes.

The banquet, held Wednesday evenlng at Spenger's Fish -Grotte,.:

was attended by 87 members and guests.

Reed Miller, on his own home

ground, won the annual social achievement award not only.for his
" brilliant performance at this year's banquet but also ‘for his sus-

tained, outstanding efforts.over the past years.

Entertainment at

the banquet was provided spontaneously by the greater part of the
attending members and guests.

The business meeting was held on Wednesday afternoon and

adjourned on time
anticipated eveningis

activities.

in favor of the previously scheduled and long

- Concluding remarks by Chairman Shea, the Secretary-Treasurer's
report, and adjournment of the 12th WIFDWC took place on Thursday

afternoon.

Executive Committee
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OPENING REMARKS
Chairman Keith Shes
Ladies and Gentlemen: "

' Today marks the beginning of the 12th:W.T.F.D.W.C. Through these

12 years this conference has attained widespread recognition as being
the best of its kind. This has not occurred by chance but is the
result of active and enthusiastic participation of all members in an
atmosphere condutive to free and informal exchange of ideas.. -

For those of you who have notTpreviOusly attended this conference we

extend a special welcome. We hope this will be a rewarding and unique

experience. TFeel free to voice your queries and oplnions. It is our

custom to dispense- with formality, to ad¥ance our philosophies with

- ‘vigor, and to discuss our differenceS'W1th0ut rancor. - We: want your
constructive thoughts and Want you to Ieel among friends. T

. Ybur program chairman, Cnarles Leaphart, and hlS commlttee, ‘Toby ™
“'Childs; Alex Molnar and’ Harold Offord; have 1l&id a' firm’ foundation
-Tfor forward-thinking and thought-provoking discussion..f‘

Your local arrangement committee consisting of” Harold Offord chair-
man, Art ‘McCain, Dick Parmeter, "Bob " Bega, Hart" Bynum, Bob Callaham,
Bob Scharpf, and Reed Miller has” arranged for the framewOrk in whieh

ff;we can discuss the presentatlons as well as mutual problems L

‘It 1s now up to us, by our partlcipation and discu581on to complete
this structure 'which has’ been planned for us. We may, perhaps, “be
vaready to raise thc roof at our annual banquet'

T would” lixe nov to call ‘upon ‘our honored* guest, Dr: i C. Snyder,,
Chairman, Department of Plant Pathdlogy, Unlversity of California,
to deliver the welcoming address.













































































































stem' method with canker margin .scarification presently is used .in the
treatment of western white pine. .The.spray procedure: is-to.first wet
stems with oil solution %o aid in canker identification and -outline the
discoloration margin. The discoloration margin is then scarified after
which generous amounts of spray selution are applied to. the canker face.
" Trees over 10 feet tall are sprayed to a height of: 6 feet. Trees less
than 10 feet tall are sprayed upward to -one-half their height. .In addi-
tion- to ‘spraying stems, about 18 1nches of the proximal ends af branches
in the target zone are treated also. Aerial spray:ils applied with
Hiller and Bell helicopters. Flight is on the contour and upon spray
completion, area edges and ravines.are touched up by. double spray, The
effectlve spray w1dth is SO feet.;.' :

The>technlcal ‘problem in seedllng treatment is. twofold (l) to
imminize western white pine nursery.stock against rust infection in..

" outplanting burned-over areas prior to or without ribes eradication, and

(2). to extend protection by suppléementary treatment until outplanted
seedlings become of a treatable size for. aerial spraying. Phyteactin
applied as a foliage spray is effective in immunizing seedlings against
~ blister:rust- infection. Other treatments being tested include root

- slurry,- seedling dip, root soak, -and tablet placed in-planting hole.

' In-‘addition to Phytoactin, the antibiotics Phleomycin, Murventin,

‘Stendomycin, and the cycloheximide derivativesj semicarbazone,, thiosemi-
carbazone, acetate, acetoacetate, and methylhydrazone have .been tested
on séedlings. Cycloheximide tests recently were.terminated because the
“antibictic is phytotoxic to seedlings. The treated seedlings .are arti-
ficially inoculated with the rust to d etermine the per31stence and pro-
tectlon perlod aiforded by each antlblotlc.

Iaboratony controls are: malntalned on all antlblotlc solutlons
applied in field operations. - Hydrogen-ion and water hardness:levels
‘first are determined from water source samples for aerial spraying.
Phytoactin aerial spray solution mixers: are equipped with large -capacity

- Water. softener units. Both pH-and water hardness of spray -solutions

are periodically checked and adjusted throughout the sprayrseagson. Anti-
bilotic -absorption, translocation, and persistence in western white pine
_is studied by tissue extraction methods. Department of Plant Pathology,
Washington State University, conducts basic research o aid in the ~
davelopment and improvement of spray methods for Phytoactin. Routine
tests are the responslblllty of the bllster rust control laboratory in
SpoKane,:Washington. - - :

Surface symptoms on the canker' face are used in evaluating anti-
biotic treatment results. The procedure consists of selecting only
dominant or codominant crown class trees of good color and growth and
* “with no stem canker girdling more than one-half the stem circumference.

A1l istem cankers and all branch cankers within'ly inches of the bole. are
~‘evalugted on. the study trees. Canker data recorded include: stem or
branch type; location, spore. stage, amount of live perimeter, parasitism
by Tuberculina maxima, and fresh rodent chewing. Subsequent-canker growth
is measured from a nail driven in the canker center to heavy type pins

41
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. pldced -at-theifour-angular apex margins of discoloration. Growth is .
--again medsured and.new pins.added if éanker margin- advances 1n TR et

. examlnlng cankers iover a. 5— or 6ﬁyear—perlod. .

The blolog_cal effect of antlblotlcs on bllster rust cankers is. a
pregre331Ve -type action gvident by the ‘symptom expression-of fungus, and
pine,: Live canker symptoms collectively.used.in evaluation -are spore
~-stiagesy: bark eolor-of canker margin, bark slippage,. canker growth,.
purple.mold fungus,.and rodent.chewing. - The dead. canker -symptoms.are
-(1)..absence of all-live symptoms, (2) all_bark.within canker area-is .
‘brownish~hlack-.in color;. shriveled. and sunken,  (3) callus tissue ‘is .
visible on more than half the canker-margin perimeter. Cankers that .
cannot be definitely classed either live or dead are placed in an in-
:active:or’ controlled-category.  Inactive canker symptoms include (1)
absence- of i sporulation, (2) dlscoloratlon margin is-less than: opesfourth
. ‘the tetal-canker perimeter, (3) there has been no advancement in mycelial
growth as-'shown by bark.'discoloration measurements 51ncevupray1ng, and
(h) rodents have not recently chéwed on the canker margln. RETER :

Development of qtem and follace spray methods usualLy nece551tates
~the construction or alteration of mechanical equipment to mix -and:-apply -
_antibiotic solutions. For stem treatment, Dobbins 1L5A and: Hudsoh 291D
models, Y~gallon capacity, backpack sprayers:have been made -adaptable

f%for-fugged field use. Bark.scarifiers are. constructed for-:attachment
"'to the sprayer wand.: Tanks with power agitation'varying from 300~ to

-1;,000-gallon capacity are. used 4in the m1x1ng and : otorage of: basal stem
ii spray-solution.. _ j A :

Military aviation semitrailer 2,000—gallon tanks have been con-
verted ‘to-mixers for aerial, spray;solution... Partitioned-into two tanks,
hellcopters can be:loaded:-and spray solution mixed simulbtaneously. . .
*Solutlon ig ‘mixed in the fore-tank and helicopters are loaded from the
~rear tank. "Mixer equipment includes two pumps with meters, a water
softenlng unit,. and a diactomaceaus earth filter to catch silt, organlc
debrls, and algae. _ : - Cn

" EXPERIMENTAL ANTIBIOTIC CONTROL OF BLISTER.RUST-ON-SUGAR.PINE.

T U T P R T 'Clar_enne; R.ﬁ-Qll.'iCk- : Sooenmth s

: The natural range of - sugar plne extends from the Slerra San Pedro
Martlr of Baja:California in the south to Qregon in the northy.:i.gs,
to the.Santiam River.in the.Cascades and .to Curry County in:the Coast
.- “Ranges ‘of -Oregon. :About -80%Z of sugar pine-cut.for lumber is'cut:in.
. California. ... R A U S I
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_— Table 3 summarizes ‘196, data from 28 tests made w1th Acti- dlone
z._(1959~1962) by W. V. Showalter on the Klamath Forest. Each pair of
"flgures -~ percént of trees dead at inspection (left box), and -corre-
sponding mean treatment effectiveness' (right box) —- represents a. -
single small test. All tree mortality of 20% or more --tentatively con-
. sidered excessive -~ and all more-or-less satisfactory means of treat-
ment-effectiveness (L. 0 or more) are ringed. The table summarizes
only the effectiveness of direct treatment. Indirect treatment --
systemic effectivéness ~- has been definitely less promising,”

Various inconsistencies are apparent in the table. Obv1ously we
are not often deallng with dlrectly comparable trees and condltlons.

Table L, summarizes data from a series of tests with cyclohex1m1de
(Acti-dione BR Conc., 5 tests, 60 trees) and phytoactin (Pabst I-3L1,
Ly tests, 38 trees) initiated in mid-August 1960 on Hatchet Mtn.,
Shasta County, Calif. This area, for undetermined reasons, seems to be
espe01a11y favorable for chemical treatment of bllster rust.

In both sets of data note that tree mortallty 1ncreased annually,
, sometlmes dlscouraglngly, as the tests aged. The highest treatment -

. effectiveneéss attained, if consistent and predictable, might offer
"satlsfactory control of blister rust in operations work, but tree
mortality was considerable and more recent tests 1nd1cate that  results
are not commonly con81stent and predlctable.

A Note espe01ally the 51zeable waxwand—wane trends in mean treat-
ment effectiveness flgures. s i

 SUMMARY. In one word the overall summary is erraticity.

o I believe in orderly causé-effect relations in natural phenomena
- = ~ 50 we have apparently overlooked some major variables in our

. tests. Perhaps we . should say that we suspect there is a JOKer in the
log deck.,. =

Reasons for ‘the unexplalned greater ‘apparent effectlveness of antl-
biotics applied to blister rust infection or-the Hatchet Mtn. -area .
.. (1960) and possibly on the Mill Creek area (Klamath Forest, 1959), are
.. Targely unkriown but may simply have been due to a genefal heavy para—
sitism of bllster rust by Tubercullna max1ma.

I



TABIE 1. PARTIAL LISTING. OF TESTS WITH ANTIBIOTICS FOR CONTROL OF
BLISTER RUST ON SUGAR PINE

‘Series of Tests o Cyclohex:.mlde 'Phytoac;;in ’ Gpﬁtr‘d:ls

& . R s : .Tesfs ¢t Trees ¢ Tests i Trees ¢ Tests 3 Trees i
Early Rs_'& BS Forests L 18 - e e o
'.'Klamath N. F., 11959-1962 61 L6012 62 17
- PSW—F&RES 1959~1962 <. 10 133 31 358 6 8
. Regxon 5 Pllot—Type Tests 'ij: iéél -Aé 102 e
| Reglon 6 Pllot-Type Tests f" léél i7v 39L R —
. Inter~Reglonal Test (PNW) é&~; 2hdf' 2l 2L0 8» 80

TABIE 2. TREE-DAMAGE CODE AND APPARENT-EFFECTIVENESS CODE. CHEMICAL
| TREATMENT OF BLISTER RUST ON SUGAR PINE. -

Numerical Code for Treated Code for Chemical. .
Rating ~ . Tree Damage: - Treatment Effectiveness
2.5+ . . D~-Tree isdead = .~ E = Excellent :
by | H - Tree heav1ly damaged G - Good - -
3;ii  M - Tree damage moderate 7 ~“Fair
2. .. L-Tree damage light . P Foor
1. "N -~ Nb'apparent damage - N ~ No apparent effect
" 0.-7 0 ~ Not treated « 0 - Not treated B
, 0.,1: 6 - Cagfnot read-;» 0 ~ Not now readable

~b5-~



TABLE 3. 1964 RESULTS FROM 28 TESTS, ACTI%DIONE BR CONCENTRATE ON
.00 1 T SUGAR PINE, REGION 5 FORESTS+ :

- . .
. ] .

.
’

)

Conel | Percent Treated : -~ -+ © . | . Mean Effectlveness Rating
| Trees Dead at Inspection . for Dlrect Treatments
PO*™ SO 5 SC&D i DO PO | S0 i SO&D { DO
0 10 20 e 0 3.0 3.2 mee a3
60 0, 0~ A3 i e 340,3.9 5.0 . e T et
100 11 e e E — I
120 - 5,8 © 25 emm mem U.5,2.6 . 347 R
150 5,8 e e e 3,7,1,0 e et
200 . 0.~ 9,2k e e 206 35 e
300 20 15 6, 1  em w343 2.8,3.7  wemm
).IOO O 9, 5 2?,18 o ora——— 3 05 IJ'OB,I—I 60 B ).l nO»,B 0'6- L e
600 — 0 25 35 —— ——~ 1.0 kil

comn o vens F o

*Pearl 0il (kerosene ), Stoveoil, Stoveoil plus acti-dione addltlve npH

(—cyclohexanone), and Dlesel 011 (automotlve fuel)
: . . TR

TABIE h CANNUAL RESULTS FROM SOME. 1960 TESTS WITH ANTIBIOTICS,
:BLISTER RUST -ON SUGAR PINE, HATCHET MTN., SHASTA GO+,

‘ ) GALIF.
I o | .
Year - Tree;Damage. -+ Sprayed : s Unsprayed
of i : Bole Infectlon Bole Infection
Check - Mean ., : ti. = - { Mean &~ -~ | Mean -
Damage ’Percent Effect~ Percent Effect- | Percent
: : " VTrees™ Dead §-iveness iExcellent ! iveness ¢ Excellent:

ACTI-DIONE ER ConcEmTRATﬁDIN STOVEOTL AND CYCLOHEXANONE?)

1961 2 l : . 22 39)4 6 205 Ll

1962 2.8 . L2 bJh 6l 3.0 29

1963 .~ . 28, . . L5 b.8 . 75 2.9 29

196 " 3.1 52 3.6 38 2.4 18
PHYTOACT I~ u157 IN ISOPROPANOL ) AND OIL :

i e BT 1, 8 N 0 2.8 R

1962 2.4 32 4.0 65 .6 57

1963 2.5 38 3.8 38 3.8 67

196h 2.6 L1 3.k 50 2.5 22

5F1Ve Tests (200, 300, Li00, 500, 600 ppm.); 60 trees.

2 Four ml. Acti-Dione Additive "D" per 100 ppm., per liter spray solution.
3 Four tests (200, 400, 40O, 600 ppm,.): 38 trees.

Ll)Onil.y as part of furnished formulation.
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ANTIBIOTIC AND CHEMIGRL TESTS FOR THE CONTROL
OF BLISTER RUST ON EASTERN WHITE PINE

William R; Phelps and Ray Weber

. The Lake States Forest Experiment Station has:established 8 :sep-
arate antibiotic and chemical tests since 1962 on approximately :3,000
sastern white pine ranging in age from 8 to 25 years. Treatments were

. applied basally to scarified and non-scarified trunks with pressurized
sprayers, by .aerial-applications with a helicopter, and by complete: tree

drenches with pressurized sprayers.. Also, approximately 11,000 white
pine seedlings were treated with antibiotics in complete drenches, root
d1ps -and slurrles, and ground foliar sprays.: :

The antlblotlcs used.most exten51vely were cycloheximide (actldlone),
1ts semlcarbazone derivative, and phytoactin. Approximately 50 different
- arganic chemlcals and fungicides including chemical.groups such as the
phenolics, mercurics, dithiocarbamates, and growth regulator compounds
are being tested to find an economlcal treatment for dlrect canker and
_ scarification treatments. :

Experimental Results

. Basal Stem Applications: - Phytoactin in three formulations(I3L1, L39,
LI0), cycIoheximide, and cycloheximide semicarbdzone were basally applied
to 812 plantation trees that were 25 years old, averaging 35 feet tall
and .6 inches DBH. - Appllcatlons were made during June, August and Octo-
ber at several concentrations and in No. 1 or No. 2 fuel oil: Approxi-
mately 1 quart of solution was applied to the bottom 6 feet of each '
trunk and the first 18 inches of each branch in that area. Data were
.- recorded .from directly treated cankers, as well as those above the

. .treated area. - - o

After 3 growing seasons, cankers treated directly with cyclohexi—
mide in No. 2 fuel oil plus triton (300 ppm), cycloheximide in No. 2 - .
fuel oil without triton (200 ppm), phytoactin L3L1 in No. 2 fuel oil ¢
- (200 ppm), and phytoactin IO in No. 2 fuel oil (200 ppm) had lengthened g
. 33y 7,.5.2, 5.2, and 6.1 inches, respectively. . Those cankers treated o

_with. fuel oil plus triton and those with no treatment had lengthened 6.9
“and 8.5 inches. .The majority of the cankers in the various treatnments
were still active.

.‘}_‘There élso were differences between treatments in canker length
-inhibition and canker activity scale in untreated stem cankers on treated
trees. All cankers were stlll actively grow1ng

Basal Stem Scarlflcatlon and Direct Canker Appllcatlons - Cyclohexzmlde
(200 ppm )-and three formulations of phytoactin (1440, Lk, L15) were
directly sprayed or painted on scarified and non—scarified cankers in

“b7-



plantation trees: These trees were 9 years old, 12 feet high, and 3
inches DBH. The materials -were applled in YNo. 2 fuel 0il, lanolin
paste, and slurry paste. : - 5

After two growing seasons; cycloheximide applied directly to
scarified cankers, effectively reduced canker growth and activity. There
was no increase in canker length with those cankers treated with cyclo-
heximide.in: lanelin and:only~a 0.5 inch in¢rease in- those treated with
. cycloheximide -in fuel oil. Cankers treated with phytoactln ko (200

ﬂppm) in fuel -o0il. lengthened 1.1 inches, but -canker act1v1ty Femained
high. This was compared to an increase of k.5 inches in untreated -con~-
~trolss . There was apparent; growth- dlfferences in the other treatments,
also, but canker act1v1ty remalned hlgh. “ “ o

Aerlal Appllcatlons ~ Durlng June, cyclohex1m1de semlcarbazone and two
formulations of phytoactin (L318 and LhlL) were applied by helicopter to
... plantation trees 25 years old, 35 feet tall, and 5 inches DBH. : Seven

" L-acre blocks- consisting of SO test treeseach were treateéd. "The
materlals were applied in No. 1 fuel 011 as - & 20 percent 011—water emul—
sion at 10 gallons per acre. - :

IS,

After three grow1ng seasons, no substantlal dlfferences in canker
length increase were measured between treated and untreated trees. All
cankers were normal and actively growing. -

Complete Tree Drenches. - Three.formulations of phytoactin (1318, 3197 316),

. ;;cyclohex1m1de ‘semicarbazone; - and:. streptimidone were applied by pressurized

.sprayers during August as. completé: drenches to plantation trees 8. years
old, .10 feet tall, and 2 inches DBH. - The antibiotics were applled in.

,_water, or. 20 percent oil~water. emu151on at - the average rate of 1. 5 quarts
of spray. solutlon per tree. R : L

Theadrenches had llttle or. no- effect in young trees after 3 grow1ng
seasons. The cankers lengthened 2 to 2.5 inches per year. -All cankers
were v1gorous and actlvely grow1ng.

Cyclohex1m1de Bloassay - Plantatlon trees 25 years old, 35 feet tall and
% inches DEH were basally treated -with cycloheximide (300 ppm). in fuel

- 0il durlng June, Avgustiand October. Selected trees were sampled at inter-
vals of increasing length, starting at one week and doubling-each’ inter-

~val. Samples included roots; upper and lower needles, ganker ' materlal,

"treated. and untreated phloem, and treated and untreated xylem.,i:'gﬁff
White pine 3-~0 seedlings were root dipped or follar sprayed with

cycloheximide (50 ppm), in water.. Roots,:stems and needlés of ‘sélected

seedllngs were, collected from both treatments at varylng lengths of tlme.

Samples were bloassayed for act1v1ty in the laboratory, u51ng the

- gtandard cycloheximide bioassay procedure. Results: from large.trdes indi~
Cated that, cycloheximidé was rapidly translocated, both" up ahd down,‘
throhghput ‘the, tree although highest concentrations wereé ifithe ‘treated
outer’ bark and in the xylem tissues (treated and untreated). Absorption

_48_



and translocatlon were greatest durlng sprlng treatment and least dur-
ing fall treatment. Detectable amounts were found inthe trees oné-
year after treatment, Seedling bioassays showed rapid antibiotic
absorptién and movement from the roots to the needles and: from-the
needles to the roots. Detectable amounts were still found in the “seed-
ling tissues 6l .days after treatment.

Summary Antlblotlc and chemlcal tests to date have glven only prelim-
inary results; although the trend is obvious for aerial spray and com-
plete drench treatments. Effective control was obtained in certain
cases such as with scarified cankers. ' This limited success promises
effective chemical eradicants can be obtalned through further testing

. of chemicals and methods of application.

'THE ROLE OF ANTIBIOTICS IN CONTROL OF ‘WHITE,
PINE BLISTER RUST IN THE NORTHERN REGION

quer:J.>Hartman:

White piné blister rust represents a billion dollar menace to
the western white pine lumber economy of northern Idaho, western
Montana, and eastern Washington. This rust has thoroughly demonstrated
its potential to- completely destroy western white, limber, and whlte-
. bark pine stands of the Northern Region regardless of stand age. Some
30 to 70 percent lethal infection is common in most stands. By the
year 2000, white pine blister rust will have killed almost all unpro-
tected limber and whitebark pine stands in this Region.

Western whlte pine "is the most valuable and’ ‘rapid grow1ng tree .
spe01es in the Inland Empire. About 2 million acres of the original Ty
3 million acres of western white pine type remain in the current blister
rust control program. Some 25 percent of these pine stands are State
‘and privately owned. .

R

Forty years of research, developmental work, and field observetions
have 1. ed to the follow1ng 1ntegrated bllster rust control practices and
active developments:-.

1. Ribes eradlcatlon on areas selected for natural and artlflclal
regeneration,

2. ‘Application of.éntifungal antibiotics to stands 10 to 100 years
of age. ' :

;_3. "Silvicultural praeticee.

<4g.



i« Development of immunized western white pine nursery stock
through appllcatlon of antlblotlcs. .

5, Bevelopment ‘of blister rust re31stant plantlng stock through
~forest genetieg. . : ‘ S s

Antibiotic testing was started in 1949. Basal stem treatment with
Agti-dione BR was applied operationally in 1958. Antibiotic foliar .
(aerial) tests were first established in. 1959 and were applied on- an-~
operatlonal basis in 1961. - :

Antlblotlc formnlatlons currently belng used-;

1. Basal stem with canker scar1f1cat10n~eAct1~d10ne BR, 150 p.p.m.
1n stove 011 W1th Trlton B«l956 added.

2. Aerial sprey1ng—~Phytoact1n Lr318 7.5 grams per acre in 20
percent stove 0il plus water emulsion with Multi-film L added is applied
at the rate of 7 or 10 gallons per acre. This solution is formulated
with soft water and pH is adjusted to k.5 to’ S 0.

There is no margin for error in the successful application of anti~
biotics for the control of white pine blister rust. For fully effec- -
tive results, the required final spray solution must be correctly for-
mulated and properly applied under exacting conditions.

: ~ The basal stem method of treatment must be. conducted durlng the o
summer months and applled only when tree boles are dry. This method

of treatment is generally limited to stands 10 to 30 years of age.

All bole infection that can be reached from ‘the ground must be

thoroughly scarified., .- : o . :

Foliar application of Phytoactin I~318 is applied by helicopter
during May and June and September to mid- October. The best working
temperature appears to be between 4O and 68° F. with winds under 5 miles

... per hour, plus moderately hlgh relatlve humldlty. Stands treated

should .be between 20 and 100 years.of age.

Stand acreage treated to date with antibiotics: -

Basal stem T *. 1h0o,000
" herial treatment 290,000 . N
Total : 30,000 h
N Average direct per acre cost of antiBiOtic:treatment”isg_'“
Basal stem . = .. $30
Aerial ' %11

There is a wide variation in antibiotic control results. The per-
centage of vigorous infections killed or inactivated by basal stem
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treatment with antiblotics on an operational basis varies from 39 per-
cent for the 1959 and prior work to 56 percént for 1961 work. Current
- observations indicate that 75 to 90 ‘percent of treated 1nfect10ns are
 killed when infection margins are scarified in congunctlon w1th basal
stem appllcatlons. .

Evaluations of 1962 and prior aer1a1 spraying results show that
30 to L5 percent of the vigorous cankers have since become inactive,

Comparatlve information takeri from untreated areas on the. .same-.
basis as for hand and ‘aerial treatments shows . that 3 percent of the
. vigorous 1nfect10ns have become 1nact1ve.

Prellmlnary ‘indications are that recent advancements made in anti-
biotic formulations and/or application technlques have resulted : 1n an
~ increase in infection kill,

To fully evaluate basal stem treatment results, 3 years of elapsed
, tlme are requ1red whlle 5 years are- requlred for aerlal treatment. o

Estlmated number of antibiotic treatments requlred to brlng
- various stand age classes through to commercial maturlty

Age class ' No. of treatments
10-20 L
21-40 - 3

- 1-80 - 2
81--100 1

The exact period of white pine blister rust infection immunity that
may result from various antibiotic treatments is not known. New infec-
tion has not been detected to date on western white pine over 10 years
of* age properly treated with antibiotics. While 1t is riow evident that
antibiotics remain active in treated pines for an unknown Perlod, the -
antibiotic persistence level requlred to prevent new rust 1nfect10n has
not been determlned. '

No harmful side effects to flsh, wildlife, or beneficial fungl ;
have been a55001ated with the large-scale field appllcatlon of anti-

""blotlcs.

, In 1963 and 196h ‘all western white pine nursery seedllngs were
fol;ar treated with Phytoactin L-318 prior to outplanting in an attempt
to immunize planting stock against rust infection for a 5~ to 1lO-year
period. At this time no specific guarantee can be made regarding im-
mediate or long~range immunization. Current test results appear very
promlslng ‘ I

‘Effective antibiotic formulations and/or appllcatlon technlques still
have not been fully developed for killing blister rust infections on
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limber or whitebark pines. Absorption and translocation.of antibiotics
_appear to- be the main problems. “Several new. fOrmulatlon test plots are
“being- establlshed each year. Presently, follar appllcatlons appear. the
most promlslng LY o e o .

The immediate reglonal objective is to treat with antlblotlcs all
immature western white pine stands between 10 and 100 years of age. The
problem of protecting stands under 10 years of age and over 100 years
of*age" thrOUgh antiBiotics remains to be solved. The ultimate regional
.objective is to perform all blister rust control through aerlal and
hand appllcatlon of antlblotlcs. o

It is planned that through forest genetlcs work,” ‘blister #ust
_resistant western white pine plantlng stock w1ll be avallable 1n large
'5quant1t1es by 1980 and 1985 : o

Problems in the successful formulations and appllcatlon of antibiotics
closely parallel those of herbicides. There is a great potential for
‘dmprovements in antlblotlc formulatlons and/or appllcatlon technlques.

Much réséirch and developmerital work remains to’ be ‘dome.

ANTIBIOTICS ON WESTERN WHITE PINE
IN PACIFIC NORTHWEST REGION, U S.F S

Donald P. Graham

:i*ﬂégaiEEés . L .
_ Annually, startlng in- 1959, We have had ‘a modest antlblotlcs pro—

: gram._ The obgectlve of “this program has been to treat selected ‘sapling
~and pole Stands both within and outside management units in an attempt

" to bring the potential western white pine crop trees through to marchant—
ability.

A summary of'the magnltude df antlblotlcs work on lands admlnlstared
by the Forest Service and Bureau 'of land Management is tabulated below.
All work is included except some in special use areas and in spe01al
test plots. '

Agency L e e fecumulative Work
P o . Atres  Trees |
Ground applicatlon o BERE. Number -
"Foreat Service =~ I : h,158 h86 095
Bureau of Iand Management 395 33,6h8'
Aerial appllcatlon, , o o L
I Forest Serv1ca [ 3,08y hOl;S?S

8,057 921,315
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In addition to antibiotics work on Forest Service and Bureatq.of
Land Management holdings, some application of antibiotics has been tried
© in Mt. Rainier National-Park, Olympic Natiomal Park, and on lands ad-
ministered. by the washlngton State Department of Natural Resources.

-QAResults :

Current results of antibiotic effectiveness on growth and vigor of
selected sample cankérs on treated western white pine poles are presented
in tables 1 and 2. Includéd are evaluations from sample trees that have
passed through at leasttwo full growing seasons since treatment.. Anti-
biotic. formulations and treatment methods developed elsewhere in the West
were used.

waable 1.,-~Current results on antibiotic effectlveness from aerlal appli~

cation of Phytoactln 1~318 to western white plne poles.

B ' B351s
Treatment Antibiotic number of cankers/
date; acres ;.-: kL effectiveness ) "~ ‘number of trees

Fall '61 658 acres June 163 - 304 . 96/51

_ July 164 - 38% 96/51.
... Fall 161; 104 acres St July 163 - g " 58/29
. o T guly '6h - 138 56/28

Spring . '62; 13 acres - June 163 - 35% - ¢ Lo/30"
‘ July 16l - 28% Lo/30

Control _ June 63 - 3% - 30/23

Ipercent of total cankers evaluated that had definite reduded vigor
with noscurrent season sporulatlon and no or only a trace of actlve
. growing margin.:

@0 e 00T PP topaeey “«ea

Table 2 ~~Current results on antibiotic effectlveness ‘from basal stem
. application of Actl-dlone BR t0 western whlte plne poles.;,

Basis
Treatment ; -~ Antibiotic 1) Hnumber ‘of cankers/-. .
date, acres: .7 effectiveness number ‘of trees-
Sprlng '59, 320 acres © June '63 - 3L% - 32/25"
Sept. '6l ~ 19% 32/25
Summer '60' 160 acres “June '63 - 7% _ ©oo L1/l
- : July 16L ~ 504 - ho/23
Fall '60 73 acres. - June '63 ~ 11% oo 18/15 _
S o July 6y - 359 18/15 °
Sprlng '61 250 acres o June 163 =119 - - S 37/08
July 16l ~ 35% - - 37/25
Control June '63 - 12% 2l /20

*"lPérbént of total cankers evaluated that had definite reduced vigor
with no current season sporulation and no or only a trace of active
growing margin. o
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Remarks

l. Reactlon of antlblotlcs o1 treated cankers is extremely dlffl—
cult to. appraise because of +the' 1nab111ty of “the. examiner, by visual ;
inspection, to accurately and consistently read and evaluate signs and
symptoms of canker condition and because of the variation in appearance
of a mature canker from year to year.

. ' 2] Accurate 1nterpretat10n ‘of results is further- compllcated _
?because of the variation in’ condltlon of "control® cankers from year

" to year and because we have ‘no positive criteria to rate each canker *
~ before treatment for comparlson w1th canker COndltlon at perlodlc
1ntervals after treatment.

N 3. We have been unable to determine with consistency when decllne
of “canker. v1gor is caused by a masking of disease signs: and “symptomns - by
the antibiotic and carrier, or when decline is the result of-a natural
or chemical healing effect on the canker.

f&;ﬁ To further complicate accurate readings, we find presence of the
purple mold fungus, Tuberciulina maxima, on from 5 percent to as high as
33 percent of our sample cankers.

C. we have no positive evidence that either of the antlblotlcs used
in basal stem application are translocated in sufficient quantities to
adversely affect cankers on the stem’ or branches above the treatment
Zone . ' =

6. Ability of the antibiotics tried, in the manner that théy have
—been used,-to appreciably arrest-canker growth, vigor, -and sporulation
.has been demonstrated. At least this is true on most lethal cankers
directly treated or most of. the lethal cankers on a large percentage of
the trees aerial treated. The length of time that this arrestment may
last is unknown.

T Ablllty of the antibiotics. used——formulatlons and methods of
appilcatlon tried=~to kill a1l lethal cankers on a 1arge,percentage ‘of
the treated trees has’ not ‘been demonstrated.:

8, An occas1onal individual canker has apparently been permanently
killed as .a result 6f antibiotic treatment. This evidence is based on
complete ‘callousing around entire canker margin with no positive evidence
of canker act1v1ty outside the calloused area.

9. Although a contlnulng program of canker reading is needed
before any final conclusions can be reached, we still do 'not have proof
that a sufficient number of lethal cankers are being killed or canker
growth arrested for a long enough period to achieve a degree of control
considered- necessary on western whlte pine sapllngs and poles 1n the,
Pacific Northwest Region. '
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SOME VIEWS ON BIOIOGICAL ASSAYS OF ANTIBIOTICS
USED AGAINST FOREST PATHOGENS

S. 0. Graham

The aim of this presentation is to assess SOme'lnterrelationships
.of a set of related ideas pertaining to blological assays. The pro-
- cedures used .in laboratozy assays on the- contrgl of plant pathogens in
' the field are often based on vague ‘or ea311y mlslnterpreted criteria.
“'Antlblotlc effectiveness in the field, as measured by laboratory tech-
niques,. poses problems on what should be 1nterpreted as valid quant1~
tative data.

. The generalizations I will make are intended as a help in the
assimilation cf principles, and it is hoped these opinions will- meet the
searchlng criticism of new factual information collected in the future.
It is reallzed that modifications will be needed; although -theé current
comments do" not” represent mere casual judgments. - They are presented as
'_the nearest approxlmetlon to the truth which present knowledge permits.
‘We are ploneerlng in’ a ‘new area to Plant Pathology, let alone to For-
estry. We are in effect demonstrating the first true application of"
. chemotherapy against fungi in perennials by the use of antibiotics.

As with any branch of the biological 301ences, studies on anti-
biotic control of forest diseases stems from a sequence of events that
developed from chance dlscovery of isolated and unforeseen reactlons.

k;f'Subsequent recognltlon of control commonly results from the brlnglng

together of a group of Heterogeneous and 1solated cases which suggest

a common underlying response. Fach 81mllar case is seen to be an
_example for or agdlnst the new discovery in action, The 1nvest1gators
.who later make correlatlons of the data that resolve “the discovery;- to
'"de01de whether it is sound -and usable, are able to do so ustially because
they employ radlcally new ideas, or ideas which have been formulated in
an allied branch of science which can be applied to their own hetero~
“fgeneous chance flndlngs in their own field. So far, antibiotic usage
 against pldnt pathogens has been based on effective medical and clinical
remedies for animals, modified to fit plant pathological practices,
.using medical and cllnlcal criteria and measurement dev1ces to evaluate

... the antlblotlc.

N ’ Thls poses a baslc questlon, "Can one equate the admlnlstratlon and
} ,translocatlon of an antibiotic in the 01rculatory system of animals- “with
J;that in plants°" Obv1ously, the answer is no. Grounds for misinterpre-
‘tation are apparent ‘at once, because an immediate series of questions
becomes automatic. "Is the antibiotic systemic in plants, and what: do

we mean by systemic?" "Can one use the same measurement criteria in
different biological disciplines?" "Can one use equivalent measuring
devices and expect gimilar results among disciplines?" "Can we correlate
field appllcatlons under those attendant enviromments, which are normal
diversities of the forest, with blologlcal and chemical assays in the un-
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natural laboratory environments?" The answers to each question are both
yes and no. So long as we adhere’ to valid criteria to measure a phe-
nomenon that has been created by a known vehicle, the answer is yes.

As soon as criteria are modified to the point where principles are
superseded or ignored as an expedient, the answer is no.

, Uhexpected and . unexplalned findings are recorded and are .the con-
”lstltuents of dlscovery. However, they.do not’ constltute dlscovery when

.- these findings are forgotten. Hence, we must pursue unexpected obser-

" vations to find the.ultimate truth. Only when d1scover1es arg measured

';do they become usable and effectlve knowledge. A number of exploratlons A
“must’ be made to define parameters. From these data, correlatlons may
then be made to prove that the original pr1n01ple remains valld 1n dlS—

tantly related applications. .

We are ourrently 1n the unenv1able p051t10n of’ explorlng ‘the effi-
ca01es vof antlblotlcs in the control of forest pathogens, not knowing

'.xnecessarlly what is belng measured. We do not as yet have our biological

lor! biochemical parameters established so that necessary criteria are

f:favallable in an unattestable state for interpreting the broad plcture

"’ .on antibiotics as eontrol agents against obligate pathogens such as the
bllster rust organlsm : :

Tt has been implied but not demonstrated that foliaanpplications
of antibiotics results in a systemic distribution of a material as

. such. In the normal sense .of the term, systemic dlstrlbutlon 1mp11es

a translocatlon of the substance per se through host, tlssues in some
dlscrete form, . A new and unmeasured 1nterpretat10n can now. be made that
an agent can exert a, systemlc effect from a distance by 1nduc1ng a modi-
fication of host metabolism. Proteinateous materials such as histones
have been” shown to alter the regulatory nature of the host-cell’ nucle—
olus which controls the functions of the nucleus in its coding of mes-
senger RNA. This mechanism defines subseqnent histone conflguratlons;
Such a demonstratlon offers a feasible means to interpret a loss in
;compatlblllty between the obligate para51te and its host. Regardless
"of the mode of action, the antibiotic must’ be demonstrated as capable
. of transecting the cell wall barrier as a dlscrete entlty. This i8 yet
" to be proven for certaln antlblotlcs. o S

" Aside from this obstacle, there are many obstacles 1n laboratory
assay theory which interfere with defined working parameters, let alone
- the erection of functional parameters for any specific antibiotic. The
bloassay is of. 1mmed1ate concern, because we can standardlze procedures
and. ‘gather reams of” support1ng data; and yet, find we.are measurlng the
‘,wrong thlng. There sre certain inconsistencies that develop when a tech-
;‘nlque is, adapted as an 1nterd1501p11nary tool and modlfled to fit the
"need. .

What 15 the b1oassay as employed "and Why is 1t used in the way

'lluflt is? It lS subJect to criticism and cannot be a final criterion on

":whlch to b se antlblotlc efflca01es on rusts without reservatlons,’

_56;



R e., util the. reaction of the paraslte has been correlated to thelf
reaction of the agsgay test organlsm As employed it is ‘a measure”of.
antibiotic distribution, not necessarlly a measure. of antlblotlc
efflcacy on specific pathogens :

o In prlnclple, a true antlblotlc is. capable of doing one of two
thlngs It will klll or it will arrest vital act1v1t1es In other .
Words, 15 a fungus spore or mycelial element dead, or is it put into"
a temporary state .of suspended metabolism? Because a spore fails to

..germinate under test conditions doesn't mean that it is dead. Fung1~
stasis vs. Funglcldal must be resolved for every antibiotic tested on
-every organlsm against which it is applled in order to flx parameters.
0bv1ous1y, we use the assay as.we do ‘because we have no better tool
at. present. But we must not 1ose 51ght of the fact that it is a stop-
gap tool. in our urgency to buy time. by. any means in our fight against
insidious diseases such as rusts. : :

... There is an- elusive s1de .aspect to be considered. Can treatments
_create.a per51stent vegetative state whlch .defies inspection because we
measure.activity in terms of an env1ronmentally induced sporulatlve'
state? We look for absence of aecia ‘and. pycnia and/or bark symptoms’
in Blister Rust Control as evidence of lost vital actlvlty of ‘the
pathogen... Is the fungus really dead or merely arrested? Does the
antibiotic forestall gecial production? Such. a dilemma we can defer,
because it dwells on the principle of practical control by reducing °
Hpara51t1sm and pathogenesis. . But where.we can erect false. values lies
in modifying clinical measurement criteria to fit our current a1ms to
measure efflcacy of control agalnst obllgate para51tes.

For example Cronartlum is an obllgate parasite. It has been im-
‘possible to divorce it from its host. To breach this gap, clinical
procedures have been modified and we .are. at the threshhold of accept;ng
modified standard clinical crlterla to measure antibiotic efficacy on the ’
.basas of assumptions. In short, we are prone to accept the phllosophy
that broad spectrum. antlblotlcs induce a given specific effect.

: If one .concludes that.an antibiotic is effective to any degree against i
. Cronartium the amount applied is so minute that he is forced to employ £
© an assay organmsm that can be grown in culture to measure the dlstrlbu-
~tion pattern of the materlal He mustbe extremely cautlous at thls

point, however,. in using it to define the efficacy of the ‘same material
-agalnst Cronertlum. .

A Tt is standard procedure 1n.any assay program to select the most ,

,;hypersens1t1ve test organism to. the antibiotic that one can obtain. . The
assumption is that a standard curve of sen51t1v1ty to the antlblotlc can
be constructed for an assay organism which can be adapted to approx1mate
the controlling dosage for the rust. QOn the surface this seems plausible
because it works well in animal pathology But to extract the truth, the
ylnvestlgator must ask severaltquestlons. "Does -the antlblotlc attenuate
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or kill both organisms in the same way?" "Compared with lethal effects
on the test organlsm, is it direct'toxicity 16 the rust,:or instead.is
it a host. 1ncompat1b111ty relat10nsh1p9“ Thé “enviromnmental complex in
the forest varies from one site to’ another, ‘from one day to another, ‘and
from one season to the next. The physiologic diversities attendant to
host metabolism and antibiotic efficacy against two distantly related
organlsms ‘emphasizes the ~magnitude ‘of error that may be introduced in
1nterpret1ng field data and antibiotic appllcatlon.' It is easy to
rationdlize that an antibiotic may cause a physiclogic breach:such:-that
the hostwspec1f1c pathogen fails to obtain or to use the requisite
metabolltes furnished by the hoat, just as it is easy to accept a com-
mon effect of an” antibiotic and ignore the fact that one is dealing™
" with spe01es leerse in their morphologies and phys1olog1es, requiring
_equally dlverse envxronmental conditions in order to grow. - One must.
1nterpret the Meanlng of the nebulous term "broad spectrum antibiotic"
to mean that a given antibiotic affects a large array of spec1es, not
how it affects them. .

preted 1n terms of medical measurement criteria are of such great dm=
' portance because they also -reflect numerous variables' 1nd1genous tof
the assay procedure in tbe laboratory itgelf. The possible errors
- associated with measuring antibiotic efficdcies between laboratorles
is glgantlc unless exp11c1t detalls are adhered to. o :

Some basic varidbles of utmost 1mportance 1nclude assay condltlons,
the test organlsm, preparation of" 'sample extractions, purity.and
nature of the antibiotic, and contaminating @nti-metabolités in the -
sample to name the obvious. In the bioassay the diameter of the gone
" of inhibition of the tést organism is'the solé criterion on which con-
centration of- the antlblotlc in -the sample is based. All of the men-

"”tloned variables and many more 1mpart a dlrect effect on the diameter

v;of this 1nh1b1t10n zone, and are Known'to vary between laboratories -
”testlng a given “antibiotic owing to unfortunate- dlfferences in 1nter~
pretation of procedures, ‘sources:of ‘materials, etcs A

T s an"exampie of -conditions-affecting the assay, I can point out
~.gome of them that affect the test organism'with which I have been work-

”:“1ng, Colletotrichim gloeosporoides: 'After ‘seeding the test organism to
;V_the plates, if the- plates are chilled before application of assay diacs,
~the zones of inhibition are smaller:-than if they are held at room.tem-

perature until attended. This is a variable in diffusion and creates
error .in assays depending on whether check plates are attended first or
last after pouring and allowed to decline in temperature toward the
ambient laboratory level. If the assay discs are applied to tha:sesded
'plates the same afternoon they are poured and incubated immediately,

" 'the zones of inhibition are smaller than if the plates -are. héld at-

s Tow temperatures overnight before raising the temperature’ torthe ineu~
~ :bation level. Another example of the diffusion variable, .How:long we
“idnterpret overnight is expressed. in assays in which surfactants and the

7
7
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type employed are used. Still another example of the diffusion variable
associated with the particular solublllty of a given antlblotlc.

, The practlce in most laboratories is to prepare media ahead of
‘time, usually a week's supply at one time or more. Media stored for
two week periods have been shown to affect the growth and sporulatlon
of C. gloeosporoides very strongly. If a prepared medium is stored
under - incident morth 1light in the laboratory prior to seedlng, there is
a tremendous efféct on the test organism and its ability to sporulate.
Isolates of pedigreed C. gloeosporoides which have gone aberrant.in .cul~-
ture have ‘all been indiced to sporulate profusely, merely by’ culturlng
them on media stored under incident north light prior to inoculation

of plates. Less: pronounced but similar responses can be 1nduced by
1ncorporat1ng catalase or the vitamin mediator inositol in the medlum.
Varlablllty in the test organism poses problems in the assay at
extremely low’ levels. At low. levels the concentration of spores is

a factor arid’ often depends on the nature of the. fungus used in the -
assayo Many laboratories have failed to equate, the number of spores’
in suspensaon when preparlng seed . media. -If. very high ratios of _spores
to medlum dre used, “adsorption may. become a factor, dependlng on the:
fungus émployed. As an exanple, two test organisms are often’ used to
assess phytoactin concentrations, Ceratocystis fagacearum and Colleto-
. trichum gloeosporoides. The ascus of the Ceratocystis crganism is
“coated with a‘pectinaceous material. '01d cultures harvested for high
ylelds of spores release large amounts of pectic materials that -are
1ncorporated in the seed medium. It has been demonstrated that phyto-
actin is adsorbed to pectic materials. Hence, culture age imposes a
variable: With C. gloeosporoides zones of inhibition have been shown
to be less if excessive numbers of spores are used in the seed medium.
Tt has not been tested as yet, but-adsorption of phytoactin to the
'chltlnous spore well has been suggested.

Dlameter of the 1nh1b1t10n zone  1is. dlrectly affected by the type
and derisity of the assay disc .employed. - The greater the ratio of cellu~
lose to the antibiotic phytoactin, the narrower the zone of inhibition
exhibited. This is a similar adsorptlon variable, perhaps unique to
the polypeptide nature of the phytoactin molecule.

Such adsorption variables pose these same quantitative ineffi-
clencies as a problem on extractions of samples. Furthermore, the’
quality and type of solvent employed varies in efficiency and ability
to remove antibiotics from sample materials without denaturing the
active principle. Proprietary grades of chemicals meet specified stan-
dards, but may include any other variable as an undeclared contaminant.

In the case of pvhytoactin extraction from pine tissues, the ef-
ficiency is increased severalfold by the manner of sample preparation.
If samples are lyophilized to extract water nearly to the bound state,

a great deal more activity is reclaimed than when fresh samples are
dehydrated and extracted with lyophilic solvents such as methanol.
Even minute amounts of free moisture present in samples appear to reduce
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PANEL III. Is Armillaria mellea a.menace in forests?

. H. S. Whitney - Moderator

ARMILIARTA DAMAGE APPRATSAL -
N NATURAL REGENERATION OF. IODGEPOLE PINE.

J. A. Baranyay

‘ Armlllarla mellea (vahl ex Fr. ) Quel damage has been widely
studied throughout the world. These investigations have been mainly.
restricted to plantations or artificial reforestations. In these cases
the hosts weré-handicapped by the unnatural condgitions: created by the-
process of planting, changing envirormment and other factors inherent in
artificial culture. Armillaria damage was oommonly observed. in natural
~lodgepole pine regener rations in Alberta. In 1959 a long term progect
" was initiated to investigate the development of the disease plcture .
and the long term effects of the organism in natural conditions. Perma-
nent sample plots were established: in post—fire naturalwregeneratlon '
in the Upper Foothills Section of the Boreal Forest.Region of. Alberta.
The regeneration is presently 20 years old. The sample plots représent
L different .gite conditions from wet to dry and a variety of stocking.
Data to be discussed were obtalned frem surveys made in, 1959, 1962 and

196k .

. The 1nc1dence of root rot in 11v1ng trees could not be determlned
accurately until 1962 because prior to then only dead trees had been .
uprooted and checked for A.-mellea. Root rot was therefore eValuated
only as a mortality factor: Mortality that was clearly resulted from
Armillaria amounted to 13.7 per cent in. 1959,-15,0 per cent. in 1962
and 1.0 per cemt in 196& In general it seemed that tallest trees were
_the least affécted. Conversely the plot with the shortest. average tree
~height was most seriously affected. The higher mortality rate in the
" smaller trees coincided with overtopping and heavy blg—game brows1ng. ,
In-growth and intermediate trees were less damaged than overtopped
trees. Mortality of dominants and co-dominants was very low. Stand
density, therefore, seems  to"have been -an 1mportant factor predlspos1ng
trees to serious attack by A. mellea.

2.4 per cent of the trees had been kllled up to 1959 by a combl-
nation.of root rot, stem rusts and non-infectious agents. Mbrtallty
of this kind had increased to 6:3 per-cent by 1962.and-decreased, to.
L.3 per ‘cent by 196k, An indirect interaction seems to have exlsted
between A. mellea and browsing. Seventy-five per cent of the trees
killed by this combination of infectious and non~infectious agents’
were browsed and infectéd with Armillaria. All these trees. were in
the overtopped crowr class.” Browsing has contributed to overtopping
apd general low vigour each of whlch apparently predlsposed trees to
attack by A mellea. :

L
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During the 196l survey an attempt was made to determine the inci-
dence of A, mellea on the basis of external symptoms. Discoléuration -
of foliagg, basal resinosis and reduced tree growth were measured,
Fifty trees were uprooted after being examined and classified as
healthy or suspect. On the basis of data obtained from this sample I
concluded that chlorotic symptoms do not show up until the tree is
completely girdled. -4 high percentage of the trees had Armillaria
infection but vigorous trees localized the infections and partly or
completely healed over the wounds. On the other hand, weak trees were
unable to withstand the attack of Armillaria and were killed by the
fungus. In most cases, basal resinosis indicated the presence of
Armillaria infection on vigorous trees, whereas, poor trees. did not
produce this. symptom. The .survey showed b per cent of ‘the 11v1ng
“trees were Armillaria suspects. Of these 6.l per cent were in the
domlnant crown class, 7.l per cent in the co-dominant, 0.7 per cent.
~in the intermédiate and 0.2 per cent’ in the overtopped. This result

is contradlctory to the mortality data which indicated the largest.
damage to be in overtopped:and intermediate crown classes: However

it supports the finding that vigorous trees recover. Because of the lack
" 6f resinosis in trees in the lower crown classes, this character could
not be used to me asure the true 1ncldence of Armillaria in natural
:stands of" 11v1ng trees. R

‘To 1nvést1gate helght ‘growth as an indication of Armillaria 1nfec-
tion the internodal growth of L13 trees was measured., Only [} suspects
were found in the intermediate crown class. Therefore the randomized
complete block design, with 1k tree experimental units, was used to
‘evaluate the suitability of internodal growth as an external indicator
for recognizing Armillaria infected trees in the dominant and co-domi-
nant .crown classgs. 1n the two way classification, crown classes
served as blocks and healthy and. suspects as treatments. A highly
significant difference was found between the 10 year average inter-
‘nodal growth of the dominant and co~domknant crown classes. . However,
non~31gn1f1cant Feratio for the healthy and suspects within these
crown classes indicated that internodal growth was not a reliable exter-
nal characteristic for recognizing Armlllarla 1nfected trees 1n natural
lodgepole plne regeneratlon. : .

_ Infected 11v1ng roots were cross-sectioned and ‘the ;nfectlon age
determlned. This ranged from 1 to 13 years. ' The older infections .
were partly or completely covered by callus tigsues. Thirty root secJ
tions ‘were used for cultural studies. Arimillaria was-not 1solated
from any' of those root sections. The resultsof this study to the
present siipport the view that 'no definite external characteristics can
be assoc1ated w1th Armlllarla root rot in natural stands of - lodgepole
pine. : : : : - -

MbrﬁaliﬁyireduCed the number of lodgepole-pine’trees‘by 36 per -
cént on the ‘sample plots during the 5 year observation period. .
Armillaria méllea was resporisible for most of this reduction. While:
the number of lodgepole pine was reduced to 1282 on the.7, 0.05 acre
plots, spruce ingrowth amounted to 1755. I did not find Armillaria
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perusal of these data allow for some interesting speculation. The inci-
dence of Armillaria, based on basal resinosis -and the presence. of
mycelial fans, in these stands now 20 years old, has been reported to

be ‘as high as 40f in some cases. Measurements and notes on conditions
have been made at intervals on a number..of trees w1th1n these stands, .-
A decline in leader height growth and increasing shlor051s was recorded
for a number of years. During the past several years some of the trees
have died, some have continued the decline or remained static, and
others have shown an increzase in leader height. THis increase was  con=
strued to indicate a recovery from decline since they have, in essence,
returned to a growth level normal for the stand. Comparison with
weather data over ‘the same: period: of. time showed that climatic changes
could not be entirely responsibie for the decline in growth. Thus it
was inferred that the decline, associated with Armillaria infection,

had been overcome. Also in evidence was an indication that attack by
Armillaria did not usually occur in groups of trees but rather in

: 1nd1v1dual trees relatively unrelated to each other in terms of posltlon

It can be seen that all affected trees .are not capable of 1solat1ng
an attack by Armillaria. However, the apparent recovery of some is . -
indicative that the disease is not always lethal. It must be pointed .
out that the existing data are limited by the availability of stands
of all ages where comparative measurements might be made. Thus any
- hypotheses that are advanced are based on the performance within stands

-up to 25 years of age : : :

‘From the standp01nt of a loss of crop trees, these data. take on
another aspect. For the purposes of illustrative conjecturs, a plan-
tation set out in 6 x 6 spacing will, at the timp of planting, contain
approximately 1200 trees per-acre... Under forest management this plan-
tation will receive at least: one:and probably several thinnings. before
a harvest.cut is made. This is understood to be.selective thinning de-
signed to give what one might call:'breathing space! to those trees des-
tined to:be croptrees. It is a further assumption, but a crop tree
grown on a 100-year rotation plan should occupy, at maturity, a space
roughly- 17 feet in diameter. If equally spaced,. these trees would num-
. ber approx1mately 200 per acre-at harvest. . o

: These assumptlons have been made on: the baels of the surv1val of
“all trees-initially planted; and such .survival -never eccurs.  In. con~1
- sequence, it follows that some of the original trees are not g01ng to
make it to the first thinning. In addition, Armillaria will account
for somé' of those left after seedling mortality. From our-datay with
its mentloned 1imitations, there is really no-reason for supposition-
" ‘that mortality from Armillaria will not continue for a longer period,
but ‘for -the purposes of this hypothesis we will assume a slowing of
effect from Armillaria beyond the age of 25. Personally, I feel that
if a tree after plahting survives the:rigours of the new enviromment
and its attendant problems, the odds on the avoidance of lethal
“:Armillaria invasion are in its favour. However, provided tree loss
does: hot occur in groups large. enough.to=create;axstand opening that.
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could have been occupied by a crop tree,‘and the bulk of our evidence -
is that it does not, then from the- p01nt of view of forest management,
such losses are acceptable. '

This conjecture is pure speculation, but it might raise interesting
comments. There is mot intended any inference that Armillaria is doing
a job that it costs lndustry good money to do.and that we should leave
it alone. - - .

Additional'evidence‘df recovery in trees infected with Armlllarla
- comes - from,Molnar'etral (1963). This evidence was -collected through
observations made in the pole-blight regions of the Interior of the
province and were in association with investigations of what is
euphemistically called Mfir decllne " This decline was recorded to
be affecting up to S@% of some - stands. Although it was noted that
some trees had’ succunbed, others ‘showed evidence of the development

of callous tissue around lesions, an apparent recovery from_Armlllarla
invasion. The presence of Armillaria fans enveloping the first 6 feet
of the bole of some trees that were dead was thought to have developed
after death of the treeek: . : L.

- In concluslon, and 1n,genera11t1es, it is belleved that in Brltlsh
Columbia, Armlllarla is much less likely to kill pole~size: trees, but:
might well klll precondltloned trees up to our arbltrarlly selected age
of 25 years.' ‘This belief hinges on the degree of invasion, the dura-:
tion of any debllltatlng factors contrlbutlng to tree deeline in vigour,
and-the size of the tree 1nvolved. Two things are 1mportant for suc~
cessfiil infection and tree death. These are the size of the attacked:
tres and’ the need for predlspos1tlon. With larger trees, preconditioning
must be ‘in’effect for a Jonger perlod of time to permit complete .encircle~
ment and death of the tree than is necessary for smaller trees. Unfor-
tunately, at the present time insufficient data are available to do more

than partially substantiate this belief. -However, continued: collection .« -

of evidence might afford, in the future, a more elaborate hypothesls K
regardlng the lethal propertles of Armlllarla.
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CONTROL OF ARMILIARIA ROOT-ROT . .

lewis F. Roth

In the llght of our current llmlted knowledge, and probably even
later. when our knowledge is more complete, prevention will prove a. .
better approach to control of this disease than will eure. When think-
ing in terms of Armillaria control, two questions must receive consid-
eration. ,First, is there a need for control, and second, have we a
b351s for action if control is indicated. I believe both. questions. are
answerable .in the.affirmative. - ' S

I am a strong bellever 1n,the value of the natural forest. as a yard—
stick against which the silviculturist and the pathologist can measure
both. their- needs and accompllshmenta. Perhaps consideration of. the
natural forest is a good place to- start our thlnklng on control of -
Armlllarla. : :

The virgin forests of the world on most acres have produced pro~ -
digious quantities of wood, much of it in timber of the highest qual-
v 1ty. But today, sllVlculturlsts aspire to exceed these yields (less
is. sald of . quallty) In- gspite .of these aspirations, it seems that
_for :some tlme to come:we necessarily must be satisfied with less pro-
duction than the’ 31lvlculturlets envision, and. perhaps less than the
_qurrent, yleld of the, native-forest. This will be; true until silvieul-:
“turists.can apply truly valld scientific. 1mprovements, as for example, .
more. eff1c1ent treess. Short of.this, it:will be true,.at least untll .
. they are .able ta.emulate nature's process of, forest producticon mere-
“elosely;-a task they often seem 1nd1fferent toward. or llttle 1n011ned
to undertake. ; Ca e S SR - -

One ds. 1mpreSSed that the productlve natural forest orlglnated as-
an often dense stand. of seedlings, in which, across the years, most.of
the trees of necessity succumbed, yielding their space progressively to
the survivors. Very roughly speeklng, we lost 50,000 trees per aere
to gain 50,000 feet of prime timber. Where was Armillaria during this
course of gvents?

we don't really know the level of partlclpatlon of thls fungus 1n
stand development, and I am sure we could debate its being a constructive
or- destructive influence. Nevertheless, we can be sure of. two things.
.. First, Armillaria mellea was, and is; there, everywhere in the natural
forest of the temperate region and probably also.in the - tropieal forest.
Second, it did not preclude development of the high yields characteristic
“of the v1rg1n forest during the. generation of the.seedlings establishing
the stands we now consider virgini: Armlllarle is,-and -has-been,:in
harmonious balance in the natural forest and control there is uncalled
for. To be sure, there are exceptional situations where Armillaria
““does occurt destructively in naturally establisheéd stards. For example,
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in-forests on immature.soils given to exiremes of moisture fluctuatlon,
or areas of: stress in florlstlc and climatic tran51t10n zones,, and
pockete in the natural forest: follow1ng insect damage or. disturbance
of soil mlcroflora .or- other local: influence. I conclude Armillaria

to be a constructlve force in the natural forest, if. iny to provide
loot for. the myCOphogwsto o

Such a stateme“o as the precedlng cannot be made of the art1f1c1a11y
regenerated fores or of the exten31vely modified natural stand. Here
Armillaria is a aesuructlve 1nf1ueuce and control is in order 1f serlous

Tosses are to.be avo;oed, .

If you‘concur in:this interpretation, can we not’Séy;‘}EE; facto,
that it is the unnatural conditions of the artificial or extensively
modified stand that are at the heart of our-- Armillarih’ problem) and
that it. is toward correction of these conditions that. our Armillaria
control efforts should be dﬂreoted".

OrChqulsbS 1n teTp rats 011mates and - troplcal planters have made
_8ome . progress. uouard direct control through treatment of 1nfected indi-
- viduals and hy roguelng the orchards and plantatlons While: this work
may reveal principles useful to the forester, for example, Leach's
work on depletion of root recerves by girdling, these expen51ve pro-
cedures, appear 1uapp11cable to rornst practlce. . ‘

As my. assogiates on the panel have capably shown, We, have a very

: llmlted.base of factual krowledge of host and paraSJte and of their
1nterrelat10nsnrp to .guide our effortsah Most of what we know concerning
this disease is. baged .on field evaluatlon, and. often. uncontro] .obser-
vation. . This situation must be kept constantly in mind. Névertheless,
I be11eve there is enough agreement among ¢bservations of such wlde
origin to’ ‘provide a logical if not scientific basis for ‘action.  let

us recall that Armillaria usually is wldespread in the forestation site
and that most woody plants are potential or actual hosts, for the fungus.
With these requirements met for the occurrence of disease anywhere at
any. time in our plantations, they can be more or less dismissed and

our attention. can be. concentrated on the, env1ronment which- appears to
affect. the. 1n01dence of . 1nfect10n and the occurrence of loss 1n many
1mportant WEYS o - : : ,

,,l, The Envnronnent Surroundlng the Inoculum*

o Aml‘larra is a oot 1nnab:|.t1ng fungas whose survival and
ijcapac*tv for spread is ‘influenced by the nutritional nature of
. ..the food . base, by tho competitive colonlzatlon of the food base
" by other orgnnlsmsg ‘and by m01sture, temperature and other ‘Tactors.
These may influence survival; dormancy or actlve growth of “the
pathozsil.

U2 The Rdaphic ard Cllm:ltlv Support of the Host

First, this is a matter of suitability of the potential host

67~






Under proper conditions, not now specifically. eXplaihable, Armillaria
is aggressively pathogenic on saplings, whereas on mature timber the
expre351on may be more ‘one of saprophytlsm than par331tlan.:

Sudden changes dlsturblng the blologlc balance of the - stand appear
especially dangerous. Figure 1 illustrates that in-the presence of
inoculim the trees most liable to damage are those poorly adapted to
the site, or trees well adapted when growing under abnormal. competitive
conditions, or when weakened for any cause. Even trees of high v1tallty
when growing compet:.tn.‘sielyjl may differ under a m01sture reglme favorlng
the fungus.

It would seem that our best chances for control lie in maimtaining
conditions just the opposite of the preceding. This essentially calls
for return to a more nearly natural forest; that is, a stand with the
right tree on the site, growlng relatively freely throughout its life,
with the minimum sericus exposure to w1de fluctuatlons of environment .
How can this be accomplished?

The following considerations might be given attehtidhi

1. Sound silviculture does not demand and should not expect on
any particular site the repeated productlon of the tree spe01es currently
in demand by the market.

2. Clear forest harvest degrades the site and abuses of wide
variety that may occur between harvest and reforestation may so damage
theﬁ51te as to make it unsultable for the spe01es hervested

.3« In the course of stand development, soils are improved by
forest cover (though not ‘necessarily for repeated production of the same
species). Availability of mineral nutrients is improved, useful organic
compounds are increased in supply, soil moisture and aeration are im-
proved, and a beneficial associated fauna and flora develop. ,

. Even poor sites may supply the needs of seedlings of a demanding
species when the seedlings are widely spaced and not competing, but
site improvement is slow during the early years and when competition
sets in, the site proves deficient.

5. Probably reforestation following clear-cutting should be with a
species less demanding on the site and possibly deliberately established
for site improvement . .

6. Spacing needs of young trees is a seriously neglected aspect of
silviculture. Only natural spacing approaches the ideal (for stand
health, perhaps not for growth), because it is the result of the inte-
grated demands made by the stand adjusted on a year to year basis to
the productive features of the site.

7+ Natural mortality is one of the most important of the above
adjustments, providing the orderly supply of new growing space to the
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a 51gn1flcant number were grown in plantatlons under 1nten51ve cultl-.'
vation.. : : ‘
Chrlstmas tree growers must produce ‘a top- quallty tree in order
to get top prices. Foliage discolorations, restilting from. either blotlc

and/or. abiotic causes, markedly reduce the dollar value of Christmas
trees, Many of these degradlng fbliage diseases have been 1gnored by
tlmber—erented foresters ‘and forest pathologists.. In fact, some.”
follage dlscoloratlons ‘are deflnable as diseasés mainly because they
impair. the usefulness of the plant as a Christmas tree.’ This’ paper’ o
surmarizes prelnmlnary research on some fungi. assoc1ated w1th follage
dlscoloratlons of Chrlstmas trees in western Washlngton :

METHODS.,_

Dlscolured follage was collected in the’ fleld by the wrlter or e
was sent to him by collaborators. Freehand sections of dlscolored -
foliage were examined; isolations were made. Cultures were 1n1t1ated

~-and malntalned on the followlng media: 2% potato dextrose plus yeast

agar (5 g yeast extract _per liter of Difco media), héreinafter desig-
nated PDYA; 2% malt’ agar, hereinafter des1gnated MA, 2% malt-yeast agar

: (leco), herelnafter de51gnsted MYA. Cultures were 1ncubated at room

Etemperature in llght and dark.

An attempt was made to correlate symptoms and signs--on follage
with partlcular organisms: This could not be’ accompllshed ‘with cer=:: .
tainty because. the manlfestatlons of several of “the organisms are in~
dlstlngulshable macroscoplcally. ‘Whdt'is more; severdl ‘organisms
often were growing intermingled or, at least, in close proxamlty. :
Therefore, the short descriptions of foliage discolorations are meant
merely as’ rough. guldes to ‘the general types encountered. -

‘ DESCRIPTIVE PORTION

1. Aureoba31d1um pullulans (deBary) Arnaud- SREIRERS
Syn. Pullularia pullulans (deBary) Berkhout - W

-Host.: TFoliage of Pseudotsuga menz1e511.

"Iocality* “Thurston Co., Wash. -

Symptoms and signs: Forming discrete black spots on green foliage.
Commonly associated with aphid and other insect wounds. Covering dead
needles and needle tips with diffuse blacklsh growth.- ! e

Cultural and morphological characteristics: Cultures on PDYA at first
brownish in center with whitish advancing zone, soon becoming blackish-
brown toward center, slimy, covering plate in about 3 weeks.' Reverse
black. Hyphae exceedingly variable in diameter, hyaline‘ to dark brown,
some of them thick-walled and closely septate. Conidia hyaline-to
subhyallne, exceedlngly varlable in’ shape’ and size} produced -from con-

r;splcuous pores in thlck cell walls -or budded from- thlnwwalled ‘hyphae’;

budding to: form.secondary spores.  ‘large darkscolored’ spores (“chlamydo~
spores"), 0-3+septate, abundant, germxhatlng by producing ‘tonidia or-
giving rise to hyphae.
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Localities: Thurston and Mason Cos., Wash.

Symptoms and signs: ~Forming large stranata within brown portions of.
needles, Conldlgphores ‘usually growing from stromal surface. Some~ .

- "times forming’ a dlffuse brownlsh or greenlsh growth on green or dead
' needles. K . o .

Cultural'and morphological characteristics: Cultures on PDYA greenish,
with gray aerial -mycelium near colony-center, appressed, matted. Growth
slow (L5 cm in 3 weeks). Conidia on swellings of sparingly branched,
brownish conidiophores, at first terminal (usually), becoming lateral
by extension of conidiophore tips. Conidia 1-2, sometimes 3-lj, celled
with minutely roughened walls, yellowish to brownish, varidble in
shape, but usually lemon-shaped, (5)10-16(20) X 6~ ~Bpe S

" Reémarks: - It is suspected that C. Herbarum is a weak. para51te on frost-
injured needles. ‘Inoculum probably is always present in stands because
therfungus sporulates profusely on decaying needles.

5;~“Botfytis‘cinerea Persoon ,
Host: Foliagé of Pseudotsuga menziesii.
Localities: Tnurston and Plerce Cos., Wash.

Symptoms and signs: Sporulatlng profusely on watersoaked needles gust
emerging from buds. Isolated from opening buds and from frost-injured
foliage. . E : o

Cultural and morpholdgical characteristics: ‘Cultures on PDYA' gray -
turning gray-green to gray-brown as sporulation begins, fluffy with
aerial mycelium. Conidiophores unbranched or sparsely branched, up:

to several mm long, thick-walled, brown, bearing heads and 1ateral
clusters of conidia. Conidia produced from'tiny sterigmata,: hyallne to
subhyaline, apiculate at base, ovate to nearly globose, 5+13.X 6-8p
Sclerotia produced in abundance in old (several months) cultures.

““*Remarks +* Bofrytis cinerea as- a pathogen of various conifers is cited
‘by Peace (6) and many others. The fungus is most damaging in planta-
tions of Douglas~fir located in fog bottoms and frost pockets. It
Seems likely that the ~fungus colonizes frost-damaged foliage and,. ™
unider moist ‘¢énditions, attacks adjacent-healthy succulent follage."
In low areas; in wet years, B: cinerea causes 00P51derable kllllng

‘of emerglng follage 1n'western weshlngton

60 Eplcoccum nigrum Llnk
Host: Foliage of Pseudotsuga menziesii.
Localltles Maeon, Plerce, end Thurston Cose, wesh.

Symptoms and signs: Small dark spots (sporodochia) or diffuse’ brows.
- growth on green or dead foliage. Often associated with aphid punctures.,

Cultural and'morphological characteristics: _Cultures on PDYA yellowish
S T Vs : 2 e e
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to rusty reddish, becoming brown, with abundant fluffy aerial mycelium.
Iellow1sh to reddlsh pigment- dlffu51ng into medium often well ahead of
. gfowing- frontlero; Sporodochla ‘secattered on surface of agar, predu01ng
“conidid from" -very short:or obscure: oonldlophores. Conidia also’ pro-+*-
duced: oh:unaggregated lyphae. - ‘Cofidia (15)20-25(30)p in diametery "
yellow to brown, - coarsely reticulate and warty on- surface, usually -
lelded 1nto severdl 1rregular shaped cells by promlnent septa.-j*‘aﬂ

Remarks- Thls fungus is often associ iated w1th aphlds, partlcularly
Fhg wooly aphid, Checmes - COOl°Vlc' In several instances living aphlds
have .been observed with spores .of- E. nigrum “attached to their backs.-
Tt-seems llkély that the Fungus can colonize fresh aphid purictiire wounds .
The fungus s w1despread as a’ saprophyte on fallen deceylng needles,
thus_probebLy,as Hring a ready supply of 1nocu‘v Y

7. Phomop51s spab -
Host: Needles and leaders of Plnns nlgra.
Lecelltyu Klng Coo, Wash. -~ .

VMSymptoms and s1gns,. Pycnldla erumpent from bark of leaders and prOA‘
trudlng from slits 1n needle epldermlso Needles reddened and brittle.

Mbrphologlcal characterlstlcs'* Not cultured. Pycnldla short*necked,
up to 3001 in d;ameter.. Adpha”¢onidia pointed at ‘one ‘end; rourndéd ‘at
the other, 1-3 X 5-8n. Beta conidia J~shaped to crescent<shaped to
almost straight, 15-25 X O, 25~1p

Remarks: Phomopsis sp. apparently is a prlmary pathogen. The planta-
tion.where . it.was found was- overgrown with weeds, apparently cTeatIng
a “fayorable” moist environment for the fungus., Pinus nigra ‘is ‘not
grown to much sxtent in Wsshlngton It is not known if this: Phomops1s
is” Sp901f10 for P». nlgra or 1f itis a- species ordlnarlly found "on *
some othér’ hOSt(s) " More fungal materlal and experlments would be °
necessary to determlne if the fungus has been descrlbed (seo Hahn, 3)

DIscusszom..---{._'-U; '_f",{.;'_ B E _," |

follage dlscoloratlon Uf Chrlstmas trees. Thus, pathogenlc or not
they must be con51dered as economlcally 1mportant to a grow1ng 1ndus-
try.-('- T ; ' '

The relat1onsb1ps between 1nsects and’ certaln of these “fungi-
Aureobasidium pullulans, Sporotrichum sp., and Epicoccum nigrum- are
qot glear. - It ssems probable that they can colonize “insect ‘feeding
wounds., In addition, it is known that aphlds transport spores of E.
nigrum and reasonably certain that Sporotrichum can be borne within
the insects. Aureobagidium-pullulans might well be carried by 1nsects,
externally and/or internally.. Steirhaus (7) has reviewed some of the
relationships between insects ane fungi.

ot
RS
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It is apparent that a 51gn1flcant amount “of foliage dlscoloratlon
of Chrlstmas trees is ow1ng prlmarlly to insects. Growers’ assune that,
- once the insect has ‘beeri removed from a plant, ‘there Wlll ‘be" no- fnrther

problem; They5 therefore, spray for 1nsects, partlcularly aphlds, ~
whenever it: is-convenient. Often, the aphlds ‘hdve fed for weeks prior
to control efforts. Thus), foliage often is riddled with feéeding ‘wounds,
sometimes- already discolored by other’ organisms, by ‘the time sprays’
are applied, The grower becomes worried about these needle discolora-
tions and” sprays 1ndlscr1m1nately in hopes that they will mlraculously
dlsappear° "In the meantlme, ‘insects in‘other parts of his holdlngs '
are ignored, Prompt aphld control w1ll 51gn1f1cantly reduce follage
“discoloration of Christmas trees “in’ ‘western washlngton It is to be
stresséd that .- pullulans, ‘Sporotrichum 8ps+, C. herbarum; and- E.
nlgrum are cosmopolitan: controls must be aimed at mlnlmlzmb portals
of entry, not at the fungi directly.

Damage from Botrytis 01nerea, another cosmopolltan ”para81te of
opportunity," can be minimized by avoiding frost pockets and fog bot—j
toms, 51tes whlch also favor the very damaglng Rhabdocllne pseudotsugae.

Itpremalns to be seen if the Phoma (2) is w1despread in its"
occurrence and'damage.{ If so, its dlsease cycle should be eluc1dated
1n order that effectlve control measures be developed. , NEE
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