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FOREWORD·· ·· .. ···----

. · .. °f£--!. 

The· twelfth Wes-tern Iptern~tional Forest- ·Di se ase Work Con.f;~;~nce -- .. 
. vras_held _._.octqbef 12-16, 196li; ·in ·Betke:).:ey; .Ca.J.ifori1~a. Both .. the . : . . .... . 
P,aci.f).c Southwest Forest . crnd Range ;Exper:iJnept Station ·anif. .. the ·Depat·t- .--. 
ment of .. J?.lant Pathcilogf ,, U~iversity of Caiiforn±a, ·wer.e .hosts _fqr_ -~h-~ . . 
conference •. ·· - · · ···' •:. r . · · ·' · ' 

·, ·-:~·!·:•( '. .• • : ... = - . : . . . . 1 ~ :. . :J:.;::>· , ·'-.. ....... . 
Seventy.:.four mem.be:r·s and. guests regi~t.e:r,ed for the · conference: · 

Registrat;i.qn _ was .. held . in the Paci .f,':ic _Southwest S'ta-tion Co.n,f;er.en.qe .... , 
Room, Monday morning. In -the afternoon ·refr .~shments wer e· serveci' a'r1d . 

· t.4~- cunf er.ence members were welcomed -to the Station ·by -Dir. .e-ctor .. John • 
McGuire. The remainder " o.f ··the aftern oon wa~ .. spent visiting .. the ··uni.::. .. 
ve~sity an4 -Exper.:unent Station l abo rat or;ies · ·and ·in · informaJ. .. disG1_ls-,, : , 
Edens among ·host · and v·isiting members. . . . . .. . . · . . ,_ .. ·. 

! .- . : : . · ·:!{ . . . . . \ . . . , . • . . , , ·-:· . . . . • . . •. 
The ·meeti .ngs ·began Tuesday. _:{llorriing and were held in the Regents 

.,, Ro9I11, .Uniyer i:,ity Jie.11, University of _Ccilifornia. · ::chair.man-._.Sl1ea.--qpen~C}. 
·: with his ·welcomin g ·remarks and Dr . W. C Snyder, Department of Plant 

Pathology., . w~_lcomed, the 
1
memqers to Bei:keley ·on beha lf ,of tbe :·Vnive:r:~ity 

cif '"Californi a. Thre·e days of stirn1J½tipg ,meetings followed. On . 
.. . : F.r:l.day::a .f iel p. trip ., was made to Boggs .Mt. '. S,tate Fore .st -, v:1-a. the_ -Nap!'\;' 

.. Valley, a noted wine..:.grchiing region ;," · .Those making the tri p not - only 
wez-e exposed to ga ll rust, ~ , annosu .~-, and dwarfmistletqe_ _,.. --but wez:~· 
·also able to visit the wineri~s and sample some of California's fine . .. . . . ~: . ·wJ,!les...:- . . ,, ; ·· . . * j .. 

. .. . . · ·. :: ;,·.. ' . 
. .-~., Th.e ~anquet, he1-d iye~e .sday evening ~t '?p_:mge~ 1-s' Fi"s~----~:r:otto, .,·; ._ ,: 
· was attenged by 87 members and guests. Reed Miller, on his own home · 

. . gz:-o_und, won the axmual social achi eveznent award ~ot on.ly ,.for h:is 
.. ···· brilliant performance at this year 1s banquet but also 'for his sus-

tained, out stand in g efforts . over the past years. Entertainment at 
the banqu e t was provided spontaneously by the greater pa rt of the 
attendin g members and guests . 

The business meeting was held on Wednesday afternoon and 
adjourned on t:iJne in favor of the pr eviously scheduled and long 
anticipated eveningls activities. 

Concluding remarks by Chairman Shea, the Secretary-Treasurer's 
report, and adjournment of the 12th WIFDWC to ok place on Thursday 
aft erno on. 
Executive Committee 
Kei th Shea, Chairman 

Program Committee 
C. D. Leaphart, Chairman 

R9ber t F. Schar pf, Secr eta ry-Tr easurer H. R. Offord A. Molnar 
S. Whi tney 

Local Arran gements 
H. R. Offord R. V .• Bega 
J. R. Parmeter H. H. Bynum 
A.H . McCa~n D.R. Mill er 

- 2-

.. •': 

.·· · : 



OPENING REMARKS 

Chairman Keith Shea 

Ladies and Gentlemen : ...... 

· Today marks the beginn'ing ··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 . c·ondubive to free and informal exchange of ideas :;-. 

For those of you who have not ·:previ 6usly- attended this conference we 
extend a special welcome. We hope this will be a re-w:arding and unique 
experience. Feel free to voice your queries and opinions. It is our 
cust'om -to dl"ffpens e· with fotmati ty ,"-·t0 · ~id\i'ance· our 'phil-oeiophie =s with 

. 'v!gor,- ·atfd"to dfsCllG 0S0 our· d'iff e:cenqe·s· \.rithout rancor. ·: we :wa'.frt "y.6ur: 
c~ns 'tructive ···thoughte( aria.···want ·-you .to · f eel among friends ;, ';.> ;_.. ; ,.· 

. ' -~-: ., . : -· . . , . - . . . . . . . ··: . \ . '-

Your:, program . chairi:na'n-;-·_Cha:..:.:les Leaphart' and 
0

his " coimri'ftte "e",'"'. Toby '' .. . 
:, Childs ·<::; AJ.'ex 'Moin•ar ' atid . Harold . Offord : have laid a· firm . found.~t:i.on . 

- ' • . . • • .J . • • .. ... 
· ·-fer fof _wa_rd-thfl'ild:ng -. and · thought"-provo _king discussi ·ori, :· · ·.= . . . 1 ' , · .. 

: • :. ::_ - • • • •· . ; • •, • , : • • , . • • • • , • ." • r . • •. , . . ., • • . • , • • • .. 

Xtiur J.,ocal arra~ geme~~ commi1;-te~ cons .is ting . of. ~ar9id 
-llian, "~ .t' McCain,' Dick, Parmeter' :·Bob··.Bega, Hart ' 'Bymun, :Bob_ .Callaham; . 
Bob ScharJ)f'; and ·Reed; Miller" b,as· .arranged for° the framew6rk i .n· 'wl:ri.ch 

·::. vte can 'iii ·scuss th~ .. pre·seritatio1is:. as "1e11 · as _m,utu~l: .. problems. ;· . . 
. . . ; : - . -.. ~_ .. . .. :~ .. . . .. . . . . . .;_i· ' . .: . .-:· .... : •• . .. , ' · . . .. : ' "· . .. · . . --~-

·it .. :i:'; now up ' to ~i·:~· _by' Pur, 'pa,rticipati6i?,".·artd' discus\i:tol). 'to :c-6mplete 
this structure 'which has been ·· planned for us. We may·, perhaps, · be 

. ready to r .aise th e ro of at our annual banquet! .. 

· ;:~I would·.{ike . no~{· t6 c~i~ '·u;o~ ::,our -h~~~r~~i'gue~~ > nr ·;· w.·.-~d~'. Snydet ·, 
Chairrilan ; . Dep~tment -o:( Pla,ht . Pat~dl .ogy', 'uri:iversi ty . of _' C~fil,).t._c~b.ia;, ,.': 
to deliver the welcomi'ng . address. · · · · ·· · .. 

: ' . . .. . 1·. ; 

. ·:.! .. ·. : : . 
w "'• ,. . .,.· - ._. _. .. . ..... ., • •• 

' -~ . -~--:. : . 
".·. ' 

-~- ' "'°' .. _ : • • ·. ·-- _.,_. - .... . 

~. . -~- : .:. : 
. . ... 

=· : .• • · - .. 

. . . :, . . '~-; ·. : ....... .,._ 

. . .:.: .. _(' ·: 
·: ·,; - _ •• 1 1 •• • • ,.. . 

.· .......... · , -::. - ~-.. ~. ~. :. 
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PANEL I - ASPECTS OF BIOLOGICAL CONTROL OF TREE DISEASES. 

A. -C. Molnar :Moderator 

BIOLOGIGAL CONTROL OF "FOREST· TREE RUST AND. NEEDLE-CAST PATHOGENS· .. 

Paul D. Keener 

: . : .. .-,"I-he_ de~elopxnent of biological" met}iods for ·the prevemtion '.o.r· · ... . 
suppre~sion ._of rust and needle-cast pa:ti1ogens attacking .forest . tr~es 
and · their associated vegetation ( collectively regarcl.ed as _wildland: · 
plants) should . have numerous advantages. The unique and changing · 
environme _nt s accompanying multiple uses for vast acreages of . .forest 
in which diseas _e -inducin g organisms proliferc1-ted, afforc;l al) exc~lJent 
field for · i"nve.9tigations into heretofore . non-existent . biotip .· syst~l11$ . , 
Biological control of forest tree pathogens should, result in fewer, . 
hazarq.s _ t _o users of recreational . and ot_her. i').reas. . Water, one , .of the 
cqie:f, , products of wa t _ersheds, should be l ess il at a+l contaminated, :: 
i.f."oio1ogical methods are substituted -for bhemicaL . Fish and .wild- -.. 

:lif e will be better : protected against toxicities • . , B:\.ologica1. ;meth .ods 
might prove · more e.fi'ecfive against obligate parasites ·such as vi .ruses 
and rusts as wel.l as needle-casts,. all of which are pathogens di;ffi~ 
cult to .:~ontrol by the customary synthetic chemicals . . _ . . . 

1 - . • ' . • . , • • •. • • • , • ' 

An ext ensive discussion about methods used in · attempts to control 
. rus:t _.and rieedle-cQ,st pathogens biologfoally is . impossible for opvious 
re ·asoni," and. is ·riot ~·in°tfmded here •. Some techniques which have peeq, _ 
or · are . currently in use~ are briefly revi"ewed~ , 

(a) Eradication of al terhate hosts of heteroecious ru s"t::j either • 
by physical or chemical methods ·, is one of the classical II textbook ap-
proaches" for reducing losses from such pathogens as Cronartium ribicola 
F_isch.-, the caus _e of White Pine Blister Rust. Eradicati-on, at leas t 
somewhat effective in controlling obligatorily heteroecious species, 
might prove fru itless in efforts to combat possible 11facultative 
heteroeciou s " rusts, if the latter do exist in nature. Artificial 
inoculations by Molnar · and Sivak (20) demonstrating the suscepti-
bility to infection by Melampsora albertensis Arth .: , of seedlings 
of coniferous gene ra and species othe r · than Pseudotsuga spp., the 
usual . natural host for the pycnial and aecial stages, could fore-
warn of some of the complications likely to be encountered in at-
tempts to devise biological methods for the control of heteroecious 

. ::6-
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, • _. · .. ! • .• . 

.. 
rusts. ·<:p~;~a.ps --;~eld " infections of $.eedling _s : of, c·oni!'er6us genera . · 
otn er than Pseudotsuga occur, but the plan ts are kil:J.e.d -.befote ·th~re.· 
is any chance to ob.serve them. · · 

. , . !,. 

. . . . ·-.· ,---: ... . . . . 

See.dling morta l ity accompanied by poor ·natural regen~ration . .._. 
for Pinu s ponderosa Laws., has been noted on the Coronado National · · 
Forest,, Sant:a :·Q!3-:t,a:liri.i Mountains-} near Tucson, .P:i.riia County, . Arizona.. 
This · t'las · qeen ais sumed· to · h:i due · "t'o : the · usual · cycling o.f Cropartium :_. .. 
coieosp '~t·ioide :s ~-Arth. :{ sensu Periderm:ium filarrrentp _sum, Pk.") · be_tw~_en .. : _ 
the .Pi~~ Castilleja ·sf>p. even though - as later pointed ou~, Castilleja . ·. 
and ·othe:c susc .E;iptiqle :'Sc·ropqulaI'iiceous plants ·are gradually de- . ... 
creasing i_n t~e ~re~~ · ·Melampsora··a1.bertensis cirt leaves · of. Populus . : . 
tremu1.oid es Micmc~--:var · . .. .(Tidestrom) Daniels · is · quite prevalent; .. . 
yet needles ·:•ori. the . expected ··alterbate · host •._in .·the area (Pse.ud0tsuga , . . '.:.· 
Menziesii -(Mfrb . .:..) .:Franco ·(nougias-·rir.)) do ' not show infections, : ._"'.Che\ . 
anoroalq~s lif o cycles of certain neteroecious ~usts, in which one or · 
more: ·stage 's are eliminated; might • be due to adapt,;1: tion- ·to . 11-f acul ta ti ve 
heter ·oed:sm ·~ II . . . ·. . . . • . • . . 

; • l 

. . Greater . rust-susceptibility of seedlings in contrast to that 
of ·older tis 'si.ies has· been ·repo:t'tf:?d by Patton ·(21).w"· _See9-lipgs of:= 
Pinus '. iitrobus ! L ~- ·were niore· susceptible ·t'o Cronartium :ribicola ' 
Fisc ,~\ :th~n grafts ~ < ' · · 

_··:: (:,~h~' dist~hc~~ -~o.·which rust ·a~d :needl~-d;st _.·s;ores m.11'··~~~e~a·,: 
~n~. s_ti,µ . retain \riab~ lity and· infective · capacities :. -ha.s _-peen:-det';ir.- -.· :.i 

·---mi~ed .'f:o;_•; a number ·of - forest · --pathogens; · l'his -is an .=importan.t .· . , 
conside ·rauiori i.n...:~y_13.lu.ating attempts to contr.6;1., them ·.by bi°oiogioal, , ... _ 
agents. . · ·' ,. · ' · , . , · .. · . . · . ·. _ .. _· ... :_i' -' 

- :·_. · _:: :~b) A-t~cen _t;! f ppr~ach :· to -t~e probler1t •o,f: biological . cq_r:tr!?l ;~· . 
of-· for~s t _tr.~e .. p~~~og~ns, embodying an . emph9-SJ:.S_,_"on :rus~ / and- needle,:- : . . 
cast ··.i'ung:t; ha:s oeen :-irf ·tlie -ute of . chemothera,p~~tarttp- :in¢liidirrn '·: :).: ·'. 
some of the ' antibiotics a:ndC:their· ;derivatives •, ;.-'i'h_i:S ;~ubj~ct':i:s . t 6. . , 
be discussed by participants in Panel II. It is only emphasized · · · 
!1-ere·,:tha t · f:?Xperiments "aimed -a t ._:lihe-po~sible b;Lologic,9-_l cor;i,trol. · 9f 
Cr.onartium •!ribic.ola are _,.. in_ pro~e _ss.. -. Rhabdoci:j.ne · pseudotsugae _S;yd,. 

·· (.the cause of Rhabdocline needl_~-cast, . of pou_g;,i~s, .. fir) ha13' a~o _l;>e~ri. · 
the subject of similar studies (27). .;~(-•· ·-• . ,,. -- . _;_·•·; .. •' · . 

... ·.· .. Some,. of-.. the :·.-d.i:.s.ti:not, -~9-vant.a.ge·s in . the use · of ._suc.h prepara.tions 
against widely ,distriputed .p,cl._tl-logens· such - a;:, tho~e _._.a:~tai::.k;(ng :fore .st 
trees,- ar c : Effectiveness at lo w concentra: ·t ion s·,. · small a,mount·s- ·.:· ., 
~er--acre 2°e:qui-red, .and lQW ,costs of applipa~ ·ioris.: , .Glew a~d M~Le .od _.: 
(:6.) ·-offer · s:ome.•inte;resting _ ... 9--ata ·on this. matter .. . . · . . · ·. · . 

, · . -· . ·. . . 

Since recreational and .watershed areas may require conc~ntrited ' 

.. •·;. :"'· ... 
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attention ,rith : respect to _ the control of forest tree , pathogens ·; the 
successful "Us:e of antibiotics and their q,erivatives, woti+d be. par-
ticulaTly appealing. 

A review ·ori. the subject of the use of antibiotics against plant 
pathogens · ha·s been pubiished by :Del~ker · (5). 

(c) Genetic manipulations resulting in the development of clonal 
lines . of forest · trees to;I.erant or resistant to attacks by pa.thogens, 
are of -c:;ompa.f,ativ~ly :rEjcent adopti _on._ -·· 11etho4~ for t~e :ia.r>id ·:incrE3ase_ 
of; promising :lines by sele _<:tion, asexual :pr .opagation and o~her. devices'; · 
should provicl,e ·;a ·rer;;eryoir .:·of . -elite stock iri" the future; ·: Some. results . 
have alr .eady been reported with, respect to the development of li:nes .. . 
hav;i:ng~ _ome tolerar1ce or t£eistaricE? to Cronartium ribicola, Fusifo;rrri 
rust and :.othe .rs. , In Arize>na, . there are indica _tions of to+eri:;ncie_ to : . 
needle--:cast .pathogens by ind,ivid.uai spec;i.mens _ of Pinus ponderosa. Laws_.; 

, Borne of the . gene .tic and reiated problem~ likely to . be encountered 
in developing disease-tolerant or resistant trees, ·have been discuss~d 
by Riker and Pa~:t;on (22). 

.. -.·.; 

(d) Silvicultural pra9tices design~d :_to :iJnproye growth, .quality, . 
and other characteristics :of disease-to;terarit or >resistant stcick~, . · 
certainly coinprise a part of the concept of disease pathogen controi 
by biological methods . . Improvement :of sites as well as other . silvi~ 
cultural practices ' often ·Jmpede.',the, ;rapidity of spread if .not actually 
prevent · th~ :dissemination ot i.for.es .t · :pathe>g~ns. Wider ; spacing : of pines 
in mixed · stands wi:n aid . in reducing · amounts of .infection by Cronartium 
ribicola according to Cafley (3). The :l._ocation cif Ribes spp. near 
stands of suscepti9le pines is to be avoided. -- · · 

Burnings for .the control of the pathoge~ causing Brown Spo't Needle- . .. 
· blight; Sci~rhia acic6J,~ (Dearn.) Siggers on Pinus palustris Mill •. ~re 

a form of ind:i,,rect 'biological controJ,.. In these instances the fungus 
•·• .J 

is contl"olled witl1.out the . complete eradication . of the suscept •. 

.(e) , l?redat~r ~tt~ck~ on ~ust sp·ores and other structures have 
been reporte<.l. (9, 19). The _literatureindicates that ' both mites and 
insects have been implicated, . · The reduction in inocuJ,.um by such preda-
tors _is probably insignificant. · · 

·-{f) The natural occurrence of numerous non.:.uredinaceous micro-
orga -nis ·ms : (particularly fungi) anta gonistic to rusts has been the 
subject --of .. numerous investigations as to .. the possible use of · such 
agents in the biological control of rust pathogens. Techniques have 
been devised to inoculate assumedly 11hyper-parasitic 11 fungi unrelated 
to, but with the capacity to colonize various types of rust sari. 

The term 11hyperparasitism 11 has been applied to the simultaneous 
association of the unrelated microorganisms colonizing the rus t sorus. 
The validity of the terminology 11hyperparasit ism 11 for all the re ported 
associations is questionable. 

-8-
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. No data are known concerning t,_he use of "hyperparasites 11 in attempts 
to ' control neea.le..:.cast and ·:-needle:.blight pathogens or ·:foresf frees. :·•· 

. Recent studies · :(11) disclose inst .ances of sirnui tanecius coha:b:i. ta:tiort Qf 
·rruitingstructur~s of both needle-cast and needle-blight pathogens with 
unrelated fungi. This phenomen'.t$n·· has :been observed in species of ·the _ 
gener _a; Elytroderma, . Hypodermena : and Hemiphacidium. In ffuiting structures 
of Hypoderinella medui:Ja Dearn., 9-nd an apparently undesc:ribea. ·. n~edle-c_:'.3-st 
pathogen of the same gerrµs; · cases of 11 double hyperparasi tislli 11 have been 
observe_d, in whic.~~mor~ thari ?ne unrelated fungus occurs simultaneously . 

. In nature, symbioses between two or more unrelated . microorgani~nis are 
commonplace·. The physiOlogical .bases for these associations are not so 
obvious. It has been assumed~ unsupported by experimental evidehce, · that 
these associations represent phases of symbioses from parasitism, com-
mensalism; mutualisril '.through inerely the .fortuitous occUl'rence of the 
participant~ .~· The· role of these associations in the . "balance of nature" 
is frequently not well understood. · 

··. The citation of numerous reports'·in the literature concerning only 
those associations involving rusts and . unre1at~ _ql. fungi vl'ould have no . 
value in the ensuing discussiono Certain features cbncerning some _of 
these associations should be examined. · · . · · · •. 

· Long b('ifore modern . chemotherapeutants including ·antibiotics and their 
derivatives became available, scientists were· examining possible techniques 
for the biological control of forest tree pathogens. As early as 1914 and 
later, von Tubeuf . (25:, 26) pul;:ilished the results · of experiments designed 
to control Cronart:i.wn ribic:ola Fisch. an.d other species of this genus, by 
artificially _ 1.qocuX~ting aec1.al cankers _ on. Pinus spp., ,with th~ non- , , 
uredinaceous · h;yperpa.rasi te Tuberculiria maxima Rostr . .. The reported · .success 
of these experi!i:i!=)nts formed. the ba$is .for von Tubeuf 1s ·claim of 11Biolo -
g;tsc!)e Bek&_npfµng" .:( 25, . 26). . Previous to von Tubeuf I s . reported successes 
·in controll1:rig ··cro11artium ribicola. :and othe:r:-s with the ·· now rec_ognized 
hyperpara~ite Ttibei;culina maxi.ma, Sappin.:..Trouffy (23) germinat~d conidia , 
of Darl'lica filum ' (Biv.) Cast ... (Eudarluca) in contact with spores of 
Carnation Rus-fTUromyces dianthi (Pers.) N'Iessl) on tnesurface of water 
cultures in the laboratory. The germ tubes of the conidia invaded both 
the uredio- arid. telio'spore -s of the rust. · Sappin-Trouff'yis re~uits were 

·.apparently the first experimental demonstration of rust .-spbre ·attac):( by 
a. non-tiredinaceouir •fungus~ Other investigators such -as Gooddin·g ( 1Y:1 

and . Hubert ( 8, · 9) reported ·. on · the . occurrence of various fungi'.-coloriizing , 
rus .t sot-i in .the · field as well ' as on their ·attempt$· at bioic;gical c·ontrol 
of / the pathogens :; Hubert .. ·"{j) .'re.ferririg to European succ~~sis . 'in '· con- ; 
trolling ·pathogens biologically, admits ·his apparent failuies · with · . . 
Tubef'cu.lina maxima on aecial cankers of Cronartium ribic6ia on Pini.is · in Ida.ho. · ·.: .· . . , : .· - . ········ . . 

That corita:ct ·between ·conidia and rust spores is not a ·nepessary 
condition for the.growth and -reproduction of Darluca · (Eudarluca.)' filuin 
was experimentally demonstrated · by Keener , (12) iri ·193.3 • D. filuln from 
10 different ,rusts -was isolated 'i"ntOpure cultures on .several syt1thetic 
media. Both conidia a~d- ascospores (Eudarluca) served as units of isola-
tions (13, -J.4). Although all or: the rusts froJ'!l which:isola:ticins :or the 

'.•_ :-

-9-



._ _________________________________ -

. llyperpcl.rasite were niade were non -f or~st tre·e pathogens, this :was the . 
-· first _ demonstration that D. filum would grow and sporulate apart, from : 

the normai uredinaceous host-. -_ This phe'riomenon has not yet been demon:.:.· 
strated for the rusts themselves. It was also shown that growth of _ 
the .hyperparasite on various media indicat~d thEi ezj.stence of 6 g:r9ups ,. 
of isolates derived from the 10 rusts ( 12) . The ahsence . of cultural 
similarities ·ind:Lcating some degree of physiological specialization 

· was further .verified in greenhouse cu_ltures of D. filuin, both on the 
sairi@species _of :rusts from which they were originally isolated and -on 
11 newly. challenged suscepts 11 (13, 14) . · Previous to this experimental __ ·: 
evidence, symbioses of non-uredinaceous fungi and rusts, were regarded 
primarily as obligate parasite-obligate parasite systems. _ It is ; now 
evide.nt -tha.t in some. cases the physiological relations ,simulat~ -.-
facu;ttative p?-rasites ··wi th obligate p~rasites. The ease· of isolation -. 
and, suhsequen:t,. copious spo:rula tioii of Q filum on artificial synthetic 
media, provided ample inoculum for studies on the possibilities of 
utilizing a non-uredinaceous fungus for the biological co,ntrol of .a rust. 
Results of these studies have alr·eady been reported (14) . , In general; 
it was . concluded that D. filum d6es riot : dis .play , the same ispedJicity ·: -·-

... for rusts as (lo the -latter for their pha,ne:rogamic and cryptogamic < " 
susce.pts. .In<no instance, was significant. bioilqgical cont rol of ·tne -
·rusts - obtained - even Hith controlled · .environmerital ·condi-ti o-ns. '!'he 
hyperparasite attacked a_ricFuestroyed rust spores, thereby :reducing _ 
the amounts - of inocula,. .. available for iadditional imec:tion .s. ,' 

- -_ A comprehensive i:tstihg o;f the numerou~: _rusts arid their no~~ _ 
uredinaceous colonizing . microorganisms ~ppa,r:Eintly has never -been at- · 
tempted. The rev:i,.e:w by_ Schroeder and.,Hassebr ·auk (24) mentions 35 
genera_ and-,})ilI)rerous' species of urire1ated -fu,ngi ;-riportedly capab'le of 

_ coloniz _i~g :tust sori ,. This revie1,1 also ¢onfirrry:s _ :the. -succes~ful iso.;. 
Ja tion -aricl 'subqequen~ growth of D; filum on _ ari;,:i.ffc ia,,i _ synthetic media. 
,0t;hei/ reviews with specµlations its to thefpqssible uses of non•_; 
urediriii:.c:eous ;fungi _in the biologicial _controi of · ri.rnt:;;, have _ been 

_-published by Hulea .(10), -Kirulis (17) and Keener ( 13; 14) ., : -

It is -evident from · tl}e<preceding 'and ~nsuing data that a:11 types -
of rust. sori pJ;o~uced by .,mioro :.. anc;l-·rnac_ro.:.cyclic, _as -welL ,as ,autoecious: : 
and h~t~roecious rusts, a.re ··susceptible to colonization by _ unrelated; 

-non-uredinaceous ·•microorg·anisms, particularly fungi. Certain species 
such as Darluca, Tuberculina and Verticill;i.um c\.ppear capable · of dEf ... 
stroying rust spores, · while _ others l .i~~ Cla,tj:o.sporium apparently . lack 
this capacity and probably . only impede the dissemination- of these 
pathog~ns. Bar_nett. (2) states that Darluca fiium . is highly specific 
as a pa:r_a.-$'i'te on ·_.:rust myce-lium, but omits any mention .of- spore de-
strl).?tfoii: - Since .Jhe -physioi~:g_icc.\.E::phenomeria; a~\w'c~a:te4 . with ,t he 
action of the . hyperparasite · on rust - structures has never been as~ 
certained , particularly with respect to nutritional balance in favor 
of one or the other partners, it is perhaps preferable to consider 
such 11hyperparasitism 11 merely as associations of fungicolous fungi. 

In heteroecious rusts, the specific non-uredinaceous fungi 
associated with the sori and spores on one of the hosts may not be 

-10-



the -s~t v as :t_llg~~: colonizing similar structures ori the : botanically 
unrelat' e-d aiternate p:lantsc Hence:, with any particular species of, 
h~t~;i';0Gc_io1..s -rust, tf.ie microorganisms invc1dit1g the pyGnial ( 0) and -
aecial (I)- -s~ages ··ma.y-be quite different -frotn ' those -inhabiting -the · 
uredi"nial ::(!t) 'and -telial (III) sori." Also, - twq ._4.:L,ff'efent nori~. __ __ 
uredinaceous microorganisms have been ·observed co1onizing ' individual 
sori of the same type, simultaneously (15). Cases have been observed 
in '.whiclr different . spe9ies · of colonizing fungi occupied tndividually 
sdri of '.th.e same type . produced by the sa!Jle rust on_ the sa.me leaf .: . 
(unpublished · data.) >"' - , . . . 

Although Cl~do~porium · aecid±icola is ·the ·most .-frequent.ly en .;. . 
\ Coui:itered 'fungu.s in all types of rust sort: ~and possibly has been so 

in . the past at least on cefta.;in · needle-inf~ct:i,ng Uredinal(;)s ·; the .. 
potential efficiency of this species in · the 'bi ·61ogica'.I. control -o.f . 
rusts has never been evaluated. 

In :the SouthwestE:Jrn United ~tates; mo~ntainqus ou.tcroppings . . 
from · the µeser.t valley floors, all _ parf · o:t ;the western slope . of the . 
Rockies, support wildland vegetation of high economic value with 
respect to watershed and recreational uses " In · southeastern Arizona, 
the heter _oecio-ys ru,st, _Cronartium conigenUJ'!l Hedge. &. Hu!1t alternates 
betw~~n Pinus ie:i..ophylla $Ch;i.~de & Deppe var: chi.huahuana (Engell11.) 
Shaw '{O and I s:t;ages- on .bqnes = conicolous) apd various species o:f 
Quercu$., especially Q. hypol¢ucoic;!.es Om:nus (II and · III ·:stages on: ; 
leave _s _= foliicolousJ . Both Fusai:ia and Cladospo:riu.m spp .. hav~:_'.beeff 
isolated from aecial sori . but only :.af.ter the cones . have bec_oirie :en .:.. 
larged, hardened and mumnri.fied. In-spite of the :accornpa11ying de-
stru~tion of s~ed suitable natural regeneration occurs ;· ExaminatioQs 
of 100 · cones from ra.ndonµ.y Selected t:rees, .·over severai week periods 
f<.jr the past _'three years, disclosed that topography _.apparently :-,:; . . 
influenq~ ·s · :t,he amount 6:f in:f.ection. Grea te:r> percenta ges_. of infecte _d 
cones were found at higher eleva,tions th_an at lower~ _ On south .slop .es 

. ini'e.ctibns ' Wel'.'e more severe than . on north . . Ori the .latter some: :trees 
had no -irtfected cdries;' · Figure~ _-1.ndl'cated "are for south -slope .tr;ees only ~. 

Tree· 
locations 

. , · Total ,number 
ol cones · 
examined 

. ···::- ' . 

In Jo.w .. .. 
elevations : . ' .- _ . 

On. riclges ~-
hillsides -

'1879 

2204 

Number, ·of -
cones free 

. from .ohser- · · 
vable rust 
infection 

._1840 

1935. 
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Number of, . 
rust-infected 
cones 

39 

·:· 269 

. .... 

Percentages 
infected 
cones 

-. 

··:.f -.,1 · 
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.::: :.".'· . ·-r. ·._/: .. ". :: .: 

--~ ·~:- . 

. ~-\. ·,_·: .. . . 
. . , . . , . . l • _-•. . . :~·-. •. ; .. : .. 

When·uredinial . sori .. appear . on smcioth.:.1~~ved.,;Q~er.cus· .spp. , . iri-·· ... ·: 
feet.ions ·ar..e . ii .kely to .ib·e .. so s:evere as to _·ren~er ,;an en~~re,Jree ::-. . ·. 
orange-coiore'd, Darluc ·a: fil~ invades the ure'din:i:al s0ri. R•. fi+um ' 
has not ·been observed in aecial sori on rusted . cones. . Convers!;)\y', 
Fusq:i;-ia and_ <;:ladospqrj_um ~PP-. hav~ : not been . se _en , 0.1;1 ·uredinial or · . · 
t,eliai s.ori on riust :ed QuE;Jrcus l~ayes ··. .. . .·, •. :-

. . . Alth~~ ~h\ifa~11ltative . h'.i\e'foeo:i.s~'' is ·apparently rt~t .invoived . ·_._ 
here; the di'sease ·:appea'!'s to have peconie s·tatiq, with no _indiqation~ · 
of fµrther extension. .In vie -i:i of .. the ·huge amounts of urediniaJ in .--.. ·~ 
oculum . and the expect _~d:, build up by , su..9h :r~pea tir:ig, spc,res, . it ,could .·:· 
be .tha:t ·pa:tiuca f:i;lum: is the ~gent :resp.ot:1sible for · Jre:: st.a.tic nature. 
of :th .~ .disease _; ·.· Since ·,Querc.u(3 ·1e8,fes. 1-Jith,, uredihi~l s.oriJ .. nci D·arlµ913: 
~e uncierstory an('thus qui tE! rem~vea · ,fr9rii the . cohe:;; ~m., pin 'e; ithe _. ·.;_ -.. 
•hyperparasite a.ppa'tently dp'es · l').of, ·c~ril-~ .JYrt,o, cpnt,a.c_t t-rit_h the ·J;).~cia1..: sori. . ' •"' .. ,.. . . "' . . .. ' •,,•• 

.. . . : J:,, . .. , ·~ . 

The .foreg -~i~-~ 'data illust~~ -te ··.s~m&, .of the bioti~ ' respot?s .e.s.: '::''. 
amo.nG fungi colonizing sor:l.. of .=· al:terna:te . s\ages .·of a .hetei•qe ·cfous c:::• 
rust, .-·when··t .he cyc le.df the ·lat\er 1;s be,twe~n ~iio\mrelated genera 
of fores ·t· .trees .· ' . · . . · . . . .· . . ' . . . ,.·· ·.' ( . . . . . . _. ' 

I '. ; . 

;: ., .. theri is .•al~o-.stab{lfzation .. and:··~b'se'nce ·:ot e:ictEins'it>~ in · .•'.Local .. 
arecis · o_f; ·th.tf South v1est .; _in "which Cronart;iuin cdle .osp~t ·ibid~§ ' A;rt!i •. 
( sensu Peride ·rniium: :ntam ep tosum Pk.) · ,alte:ti:iating _between _P:i,nus . , ,; , :. 
p0nderos;:i. 1·a,:i-s: (D ·and ''.~_·011 br :anche)3';=: ca.uli~~l_ous) and certain .>" 

.scr6phulariace61,1 s ··p1£nts ·· {c·a·stil leja .. ··spp. and others wi~l?-·. II an<i .. · . 
III° :on ·st1::lms' ·a:bd·.'J.eaves•,.= .oaulico_lou _s . an:d fe>;J.i'icolous). : ::·While serge. 
of .th.is :phenomenon has -been attributed partially 't,b anomalous J:ife · . 
cycles, :in which ' certaih . spore st_a~e.s : of ... the ··rust fail ' to . cl.ev:_elop . 
fully or are elimin!it,ed, .:·. otl?,e.·:r: .Q<l.USE;!'.S might ., pe involved • . No· hyper- ... 

.. parasitic or non-hyperparasi tic microorga'i1isms have ever been noted . 
in . any of the sori . of this rust . . · Too.-1:scrc:iphulariaceous species 
ser,ving as alternate hosts for the ·.' Ui?e.dini&l and telial stages ., . a.re .. 

. . ,·gradually disapp:earing _·.fr _om areas •_; even · where ·the··:.rust · infec tion · is 
s~were. - 'This.c,ould ,'be _due to a ·.l'·self-i-imposed limitatio ·n11 on the 
par~ :'"Of · .the rust.. I-t .. is possible · that the a.ecios,pores have developed 
the .capacity to . r e -infect pines directly, in which case anomaly 9f . .. 

---··-•life .·cycle ·would .be involved · • . Our· s·tudies revl;lal ·almost negligible · 
extension of the aecial stage of the ·rust on Pinus ponderosa over~ .. 
the p~st · 8 years from a heavily invao,ed area on the Coronadc>' . . . ,r 
National Forest, _Sa.nta Catalina Mountains, near Tucson, ,Pima County, 
Atizona. · · 

Gradual disappearance of . proximal alternate vegeta~f.oh accompanied 
·by stabilizat'ioh in'" the ·exte ·nsion ·of the · r·tist ·; has been noted with . . 
Gymnosporangium cupressi Long & Goodding. The pathogen supposedly 
alternates from Cupressus arizonica Greene on·-,.,rifoh · only the teiiai 
stage is produced and specie s of Amelanchier harboring the pycnial 
and aecial stages. Amelanchi er ha·s' i;:1.-pparently been heavily -b:r'owsed 
by wildlife and has virtually disappeared .from an area in which the 
rust :has caused seve re cank erin g on Cupressus trunks. 
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Not too surprising is the continued sev~rity .of.infections of 
ne.edles of Pinus ed,ulis Engelm., by the autoecious micro-cyclic rust, 
Coleosporiuincrowellii . Cummins, with the telial · stage only on this 
single spec:i,e.s. _. Both Darluca filum :~nd , Cladospor;i.um aecidi:i,cola 
occur on the ·,telial sori • . Some details concern:ing the · colonization 
of telial sor:i~· have already been described . (16) ~\ Hyperparasitism of 
telial sori without an j.ntervening uredinial stage, occurs in heter-
oecius .rusts .such. .as in species of Gymnosporangium. In all of these 
instances, although hyperparasitism .is acting tljrou gh Darluca · f:i.lurn; 
in addition .to fortuitous colonization by.Cladosoorium spp. no'"alnii-

,nution in . the dens.i,ty of plants suppor:ting autoecious or het _eroecious 
rµsts . has .ever been qoted, . The inten$ity _o:t colonization by hon- . 
uredinac ·e.ous fungi continues at high ' levels ·year ·-after-year as do 
the rust infections " No apparent biological control occurs. Ex-
tensions in infections occur. On the .other hand, extensions of .. 
heteroecious rusts with uredinial stages on alternate hosts in 'their . 
cycles, appear to .be lil)'litedin their extens~ons fr~m year to year. 

Langner (18) . describes an interestin g bi;tic system in which 
there :i,s. an apparent · relation between a preinfection of pine needles 
byJ?boma acicola (Lev.) Sacc~ and J,.ater development ' by the needle-
cast pathogen, Loph9derniium pinastri ' (Scl1.rad. -ex · Fr . ) Chev. Some 
method of biological control of . the .former.should prevent the 
.needle-casting from trees. · 
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Appendix:· - · L - 1 • 

.NEW OR UNUSUAL RECORDS ON FUNGI COLONIZING .SORI OF RUSTS 
· ATTACKING: SOUTHWESTERN HIWLAND PLANTS 

Rusts 

Chyrosomyxa 
arctostaphyli 

Hosts 
·o + I 
stages 

Coionizing 
fungi ·' 

( Genus only) 

Hosts 
· II + III 

stages 

Colonizing 
fungi 

(Genus only) 

. . . 
I)iet. ·· Picea spp. .? Ar_ctostaphylos spp. 

Coleosporium 
crowellii 
Cummins None ' . . . .. 

III stage 
only Pinus eduli_s __ 

Cole.osporium 
joriesii 
(Peck) Arth. 

Cronartium 
conigenum 
He~gc. 
& Hunt 

Gymnospor-
angium 
kernianum 
Bethel 

Gymnospor-
angium 
multiporum 
Kern 

Ravenelia . 
versatilis 
Diet. 

Pinus 
edtilis · 

Pinus 
leiophylla 

Darluca 
. ~homa · . Ribes spp. 

var. • , Cladosporium . Quercus 
ch:thuahuana· F\isarium ·spp; 

Amelanchier 
spp. 

Lacking 
or 
unknown 

Acacia 
greggii 

III stage 
only 

.Juniperus 
spp. 

III stage 
only 
Juniperus 
spp. 

Acacia 
(Autoecious) greggii 
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Cladosporium 
Darluca -· > 

Cladosporium 
Darluca 

Darluca 

Darluca 

Darluca 

Darluca 

. ~-
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/ 
I 

, r 

f 



r 
. ' .. 

Appendix - 2 

NEW OR UNUSUAL RECORDS OF FUNGI ASSOCIATED WITH OR COLONIZING 
FRUITING BODISS OF SOUTHHESTERN NEEDLE-CAST PATHOGENS 

N~edle:-c ast · 
path .ogen · · 

HyPodermella 
abietis-
c,oncol ·or i s 
(Mayr) J;)earness 

Hypodermella 
- conco).or 

(Arizona 
variant) 

Hypodermella · 
medusa 
Dearn •. 

Host • ' • •, . 

Abies cohcolor · 

Pinus ponderosa 

Pinus ponde:rosa 

-~ .. 

; · • • ! , . 
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· Associated :cir · 
' colonizing ·fungi 

Macrophoina parca . - ~ 

Davisiella-Diplodia 
. · complex · · ·. · · · • 

Phaeoseptoria ' 
·Phoma •. 

bavisiella~Diplodia 
'· c orirplex 
Pliaeos ·ept9ria .. 

·Phacidium '· · 
(Hemiphacidiu.m} :. spp; 

,' 
I ' 

I.., 

i 
'i 



MICROBIOLOGICAL COMMUNITIES AIID THE POSSIBILITY OF BIOLOGICAL 

CONTROL OF TREE DISEASES 

Gertrude D. Pentland and John E. Bier 

At the Work Conference in Victoria in 1962, Dr .. Bier (1962) 
introduced us to the idea that healthy plant tissues should be 
considered not as entities but as complex biological communities, 
consisting of host tissues plus numerous saprophytic or ganisms ,. . In · 
the consideration of a disease problem the incidence and .activities 
of these .saprophytes may prove of critical importance to the degree · . 

. of host resistance and the development of the pathogen. With this . 
concept in mind, Dr .• Bier and his students have worked on several 

.. :cnfferent ' types of diseases in the last few years. 0 ·r shalt summarize 
briefly the results of these experiments and discuss some of the 

. implications and technique difficulties. I should like to point out 
that very little of the material which I am pres enting is work that > 
I have d.one. 

Experiments have been carried · out on different types of diseases, 
using . the .organisms and hosts as shown in the following ta~l~: :(see ' 
accompanying chart it will be .showri as a slide) . 

· . .A general . outline of the me.thods • used includes first of . alL the 
selection of appareJitly healthy host · materiaL The isolation of 
saprophytes ,from it has usually consisted of shaking pieces of the 
host material -. 'vi6od, bark, leaves, etc ., - in sterile distilled 
water fo:r a period of from one to several hours. This method has 
the ·advantage . over . .the standard technique of placing small 'pieces · .· 
of, plant .'materi'al on agar in that one can i .SQlate a number 6£ , .. ·;. 

· different organisms from one sampre·, ·obtaining at the same tim~ · , 
· · some idea of the range of organisms present. Also the same sample 

of shake liquid (suspension) can easily be added to a number of 
different media suitable for · different · ttpes of organisms. · 

To test for the effect on disease development of the saprophyt e., 
isolated by shaking, the treatments are as follows : 

1. sterilized host material alone (control) 
2. sterilized host material+ suspens:j.on of saprophytes 
3. sterilized host material+ Millipore-filtrate of the suspension, 

The treatments of host samples to test for t he effect of the 
naturally-occurring community on disease development are as follows: 

1. untreated (i.e. containing the nat ural community) 
2. surface-sterilized by dipping in alcohol and/or flaming 
3. autoclaved or dry-heat sterilized 
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TYPE OF DISE:ASE ORGANISM HOST 

Canker . Hypoxylon Pruinatum Populus · Tremuloid,es . :· . 

. . . . 

Wood Rot StE?reum Sanguinolentum · Abies Lasiocarpa. .·', 

. :i:>oria _11:onti~ola 
• 1 

Ps~udotsuga Menzie_sii 

Tsuga Heteroph1lla . 

Fornes ·Annosus . . . Tsuga Heterophyi~a 

Rus~ Melc!lllpsora Occidentalis Populus . Trichocq.l'p/3, 

Cronartium Harknessii . Pinus Conterta 

·. Sp~c-ial tr~atments ,to test the effect . of differ 'ent . factors .:,suclt 
as relative turgidity can be included within this general outline. 
The samp+es are inoculated (the type of in oculum is of considerable 
it\iporta 'nce b~causef of nutritional eff~pt of the inoqul~ rije'diuni on . 
the · saprophytes) arid variations in ·the development of the- pathogen · 
and of t~ -dis~ase · are noted. . .This general procedur e is . modified,. . -
of cours .e·, for different types of disease anci different host parts . . 

· ·:. ·The: resuit 's - of the studie$ carried out ·at U,B ,C. will .. be :p~ese~ted 
as a the.me w~tl;l variations. The theme, -which should- be sta .ted · clearly 
ai -.the . beg~nt?ing, is . that there appears to be a relationship -})etween ,; 
the.:, :i.nt.eps:i.ty .. of saprophytes in and on the host t ,issue, , th e t'll:rgor . · · 
level of · the healthy tissues and the level of host resistanc!:l · :to .dis-
ease. That is, the microbiological community plays an important role 
alo ,ng wi ti) , turgor in determining . su_~ceptibili ty to . disease. :· · · . .:· ; ,' 

· As ari ~x~ple ·of a . canker disease, Bier and Rowat have ,;worked. . i.. 
:wJ.th Uypo:xy) .. on ,.p:r,\linaturil:·o'I'l:·Populus trichocarpa and !: . trcmuloides . .. 
They · have d,~monstrated (1962.) t _hat protection against Hypoxy:lop dis:-

. eEi.se was · at ··a, ~ilnum -when ho.st tissue .s · contained an abundant . supply 
of waier _ ( which I lfas ·consistent with' the bark :t\ll'gor relationship :· ·. 
pr~viOu$.lY dempns·tra;ted, Bier, 1961) •· Removal ·of the_ saprophytel? _ , 
froin the hos:t "r•esu_lte<;l. in . d:i.seas·e ·susceptibil:i.ty ·:at all level ,s. of :· . 
moisture iiwe ·stigated. It appeared tllat the saprophytes _ha.d .a . higher 
moisture requirem ent for optimum <;l.evelopmen t than that , o_f the _ patho~en. 
Cank.er ·attach by ' H. pruinatum was delayed considerably when. drying, · · 
viabie material or o·ne clone of P. trichocarpa was 'dipped in a sus ·.,.. 
pension . cont,a~t:iing· an abundance of th e saprophyi~~ prior to . :inoc,uiatton. 
Bier and Rciwat · {1963) have also shown that certa.iri saprophytes as- · 
sociated with healthy bark tissues may inactivate chemical inhibitors 
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such as oyrocatechol . However the saprophytic microfloras of most 
samples contained other organisms such as Trichoderma sp . and 

·Aspergillus sp. which were mutually antagonistic with !i· pruinatum . 
The growth of the pathogen was inhibited when untreated ba.rk tis sue~ 
were colonized by t hese saprophytes. · 

As indicated earlier , st udies have b~en carried out on th~ . 
effect of microbiological communities on several wood-rotting fungi '. 

---Bier (.unpublished) has demonst rat ed that saprophytic microorganisms -
occurred in de cay- free hear .~wood of Ab:ies la,siocarpa, some of whiqp.,. 
were highly ef fe ctive in inhibiting the growth of Stereum · 
s~nguinolentum in culture and, uh~n present, . appeared to increase 
th e re sis tance of heartwood to attack by this fungus . The compo-
sition of the microflora was var iable in samples within and between 
trees. · ·'The ··inhibiting sapr ophytes were most effective in pre venting 

.. the .growth of S. sa nguinolentum when the moisture content of-· the -.;, ..... . 
heartwood was incr eased to va l ues greater than 90;s of its oven -dry 
weight. ' Excellent · growth of Stereum occu rr ed in over-dried samples 
9f _heartwo o.d at .al.l levels of mo.isture .fovestigated . The --r;row-th- of·· 
the fun gus was stinrulat ed rather tha_n inhibited when Mil lipore- ., .. , 
filtrat es :of' suspensions containini f the··saprophytes were added t o ·~:.'. 
oven-sterilized sawdust of heartwood tis:;mes. Therefore, i t appeared 
that the inhibit ion of Stereum was more· ciosely ·related to · .the bio-
lq gical than chemical component of the suspensions. - ··- ···· 

. A study was set up by Bart van der Kamp (1964) to dete:rmil)e the 
r e--l'ativ e importance of Douglas -f ir heartwood extr.actives and .heartwood 
microflcir ·a in :providing resistance . to decay l>y ,Pod .a nioriticol~; .. ; . .'. 
Results -showed -th a t whi-le sterile heartwood was more resistant ·.to 
decay than sterile sapwood, the differ ·ent~ was·_ ;ompletely IT!ask~4. ' . 
by the ·addition . o.f saprophytes. Saprophytes. in vtet sapw'o~d provided 
niol'.le resistance to decay _ th .an hea,rtwo od extractiv es · .i _n $terilE? .. We.t ·_ 
hear -tw-ood. ·There ·was some evidence that the ihhib1t:£ng effect · of 
the saprophytes on P. monticola was produced by a combination of the 

· saprophytes present -:- Single saprophytes produced, little resi_stance . -~~~- - ' 

Working with :western hemlock; · Janos Hudak (1964) demcinstrated 
that the saprophytes isola ,ted from apparently sound wood. _.inhibited ' ,;. 
th~ growth · of Fornes anno_s-µ_s _and :Por:i.a m<mttcola wher1 aq.ded to .1% . . 
malt agar. Theaecay fungi were ·a:lso in hi bited on untreated surface ..., 
sterilized wood inc11ba ted a_t i00~~ relative humidity. A drier environ-
ment; _obtained by using a lower R.H! :f _or wood and higher ag~r ,_concep.,,. 
trat :io'n in malt · agar media, resu.lted iri a sigriifica.nt · de·cre"ase in -· 
irihibi tiori · of F. annosup and P. monticqla . However, the · growth rate .. 
of the se orga:riisms was _ not aff ecte _d iri autoclaved 1;vood .or in agar . ·: 
contairiing the autoclaved suspensions in the drier . conditions. · ·· 
Signific ·ant . vari at ion was observed in the . rate of i~hibition between 
sapwood and heartwood and between the butt and top sections -of the 
tre es . The inhioitfon · was lost when the wood was aut oclaved or when 

· the · s-µspensions of sapr _ophytes were passed through a Millipore filter. 
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. As an example of a rust disease Dr. Bier (unpublished) has 
· st\i.died µredinea.l infec .ti on. of; Me lamps or a occ;i.dentalis on Populus · . 
trichocarpa for ~everal years. He first found that ur edospotes would 
germinate r ~adily -o.nwater agar if . they had been coll ected after a 
dry .period~ - but ger.mination was negligible after a wet period • 

. Cul .t,ural studies ' o'f the . non- germi nating ur edospo re s demonstrated 
heavy _contamin a ti, on with sap r ophyt ic . organisms such as Trichoderma . 
sp ._, Epicoccum . sp •. , Aspergillus · sp. J and a number of bacteria and -, 
yeasts ·. Experim erits us _in g the .' suspe nsi ons of sap r ophytes fr om heal thy 
,fo:J,.'iage ,d~mo,imtrated that germ:i_natio n was -~educed . in the presen c~ of 
th e sapro phyte s to 0-69% of that in sterile water and in Mill~pore--
filtrate contr ols. Experiments with cuttings showed resistance t o 
infection when _l ea ves wer e . sprayed with an aqueous .suspens _ion containing 
the - inhibi:t'in g· ·sapr ophytes prior .. ·to inocu l at i .on . ,. However, uredinia were 
prodti.ced 'ab'unda.ntly on le aves of the same cu:ttings sp r ayed with .the . 
Millipore~filtrate. · 

: . . . ·. , . 

. Field trial s with Melampsor a rust hav e indi'cate d t hat the 
incide'nc e · and i nt' erisity of diff eren t or ganisms · ol'l healthy f _olia.ge 
may be · modified by applying a_queous suspens:i.or'is that con_tain an . 
abundance of inhibi tiri g s apr ·ophytes . Such modifi cat i ons_ ·may··become 
well . es tablish ed_ and ):nirvive over a period of'. ·month$, prov idin g: · ·. · 
incre ased,. r esis t ance t ·~, ·rust infection. The' increa'sed resistance · 
of host -mate r ia l 't r ea t ed with inhibiting sapl'.ophytes may le sse n as 
folia geO:reaches maturit y because of a reduction in th e activities . ·of 
t.he pr ot ectiv e saprophytes r elated t o decreases in levels of leaf 
turgor. However, b ecause of an abun_dance of ,. the inhibiting sapro-
phytes · treated . f olia ge . may r etai n the r esis~ nce . fact .or . at . J,.ower .· ··., 
levels of lear' turgor than untreated . cont rol s, . . . . 

Studies are no'w under 'way on . two mor~ r ,us .t :diseases, ,Cron ar tiuin 
Dfiarknessi:j.. on P:i.nus contorta ._an.d, Melampsora al ber tensis , on ,Pseud otsuga 
menzies11 .• ' The· indications .are th a t th e situati0n is similar for these 
di se ase s, with t\1e int er es ti nfta ddit,i on _that the .. bc1cter;ial meml;i'ers .:.bf 
the community 'seem to be part ic ular l y important here. 

l\.nd now my the me can be r ~stated , thts time in .the form -of a 
chart. The situation ·seems . to be as. fo_llo t,,s for all · the dis .ec3:se~ 
considered: , . 
intensity or· 

saprophytes hi gh 
. --
I 

"1 · ··· ... .. 
. in tens i _ty of 

saprQphytes low 
,.· 

: : : .!~ c: .'.. 

l 

, r 

r elative turgidity 

I ~-
rel~tive turgidity .. rela .tive - t urgidity · r elative tur ·gidi~y 

I 
res

1

ist ance 

low 

I . c' 

reduced 
susceptibility 
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From the results presented, it appears that there is a community 
of microorganisms present as part of the normal total environment of 
a ·plant. 'l'here may be consid erab le var iat ion in the community in 
terms of types, numbers and distribution of organisms within an 
individual plant and between plants of one species. However, it seems 
that the microbiolo gica l population must be considered as a factor in 
the normal pattern of disease resistance, on the same level as genetic 
resistance, physiolo gical resistance, etc. The possibility that sus-

· ceptibility results fro m a disturbance of the microbiolo gical com-
munity should be taken into account along with a consideration of the 
other factors. 

Of course there are many problem_s involved in this type .of re-
search and many areas needing more work. Little · is khown ap9u_t '._the 
actual nature of the. inhibition of a pathogen by a mforoflora under 
natural conditions. Individual organisms vary in their ability to · 
inhibi t pathogens, but it see ms that se,;reral organisms together are 
more--effective than any one alone. Is this an additive antibiotic · 

.. effect or just a question of coirerage? Perhaps ther e ar .~ _individual 
:"micro ~ni ches" which. are occupied by different organisms and so using 
several different organisms r esults in better covera ge by having more 
"micro-niches" occupied . Why is there a relationship be tween· inhi.,.,. 
bition and the turgor level of the tissues? And of course the!'.e .. are 
other physioiogical factor 's of both plant and saprophytes involved~ 
of ,which we· know very little '. · · · · · 

What factors affect the location and distribution of microorganisms 
under natural conditions? In what state are th ey present? Are they 
act,ive ..forms such as growing mycelium or . are th ey just spores? Are 
they dependent on exuded nutrients? '...· :perhaps that is a factor which 
is affected by the turgor level. Is the distribution pu·rely by chance? 
The possibility that tnere are •differences in the saprophytic ·micro-
floras related to q.iffer ences in the so.il microfloras which vary on 
different sites might be considered, be.cause many of the organisms 

. -ar_e ·also so.il inhabitants. · 

If saprophytic organisms . are ad9:ed as an attempt at · biolo 'gical 
control wili th ey become estab lished and survive? It appears from 
the work done at u. ·B.C. so . far that there is not the same.type of 
fungistatic effect that there is in soil because the numbers of organ.-
isms and individuals is increased by adding suspensions. Also there 

:_:-_i"s • an -_increasing level of resistance to disease. We don I t know how 
-·,-:·Ton1f the effect wil(last, th o_ugh. · 

: '. '_::_! 

· To cl ose . on a ·note wi~h r 'egard to bioio ·gital control, because it 
is the topic of this panel - if control methods can be worked. using 
the naturally~occurr ing members of the microbiological community -
(and it seems ppssible) - they would have the adyantage of being much 
less risky than methods involving the int roduction of exotic or~anisms. 

; . 0 .. . 
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BIOLOGICAL CONTROL OF DWARFMISTLETOES 

. . . . . .. ' Robert F. ·. Scharpf . 

Biol~gica1 ·,·control is not a -unique new .concept thou ght up by 
scientific minds ·· but a natural · phenomenon that . occurs amohg all living 
things. The modern-day use of the term biological control includes the 
use of antagonists, parasites, a_nd predators to control plant and animal 
pests. r. .Env,ironment ·, genetic _resistance, and mc3:nagement are some_ of: •the 
inte,.r._acting .. factors , included . i,n biological .control :'. · ·. ··-

..... ·•."'"'· . . _::.·:· 
Early pioneering studies on biological control dealt mainly wi~h 

the cont'rol of destructive · _insects by insect pathogens and pre~tors. 
However, since a:t,out the beginning of the Second World War there has 
been considerable ·interest and scientific · investigation in the field 
of biological .control of _weeci,s) . 

Dwarfmistletoes are weeds. Thus, the principles and approaches 
that apply to the biological control of weeds probably in many in:..._ 
stances ca_n _-be-,applied to the control of dwarf~istletoes. 

As in the case with many new scientific concepts , biological 
contr9l _of :wee.d1,., was ,,not readily ,accepted. According to Wils .cm (4h 
because of _ la9k ~ of: . un,dl;lr$ta.nding ·, -scientiiic orthodoxy did much to . 
hamper develG>pment atj'4._:progress of the biological -control of; ,weeds, 
mainly by · disc6ura gin~ --resErar _ch" _ •. 

One of the major . objections voiced against biol .og:Lcal control 
was based on the fear that introduced organisms, ·prin).ar .ily insects; 
will become . ·pe·sts _ of o_tl_le:r· 9rops. , Indeed, probably the f:i,rst con-
sideration ·in initiating a: b:i.ological coritr:ql prqgram . is to · ~-elect 
a species that will not ·'harrn other plants, · at least usefui plants. 

Just what are the chances a particular insect will change his 
diet and become a pest? According to Wilson, there is little foun-
dation for the fear that insects will change their host ranges. 

.. ~~.ce~} .}'e ,se .ru;ch, stresse~ 1;,he _stability of _insect f09d llabits, .:Jl.Oi-,. -
the likelihood of change. Huffaker (1), who has examined records 
of changes in diet, has shown that most records concern ol:i.gophagous 
insects whose hosts have merely become better known. In general, it 
is the conclusion of most researchers in the field of biological 
control that the feeding habits of plant-feeding insects are very 
rigid • and nearly unchangeable. Also, the logical assumption made 
by most researchers is that introduced organisms have no greater 
chance of undergoin g inherent changes to new host s than the numerous 
indigenous organisms have. It is understood, however, that organisms 
to be considered for biological control will b e subjected to thorough 
testing before -they are released in the fi eld . 
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Conflicts. · of interest frequently arise when th~ •b_iological control 
oi a ' weed is "considered. A plant may be a scourge in one place and of 
value in another, or in the same locale, it may be desired by one ·group 
or dep~ored .by another o Unlike chemical ~ontro~ a biological control 
agent cannot ·easily be restricted to given parcels of lando Insects 
and _ dise _ase organisms for example · dp npt r'3spect political boundaries 
or _difr'erences in land ownership. They JTIOVe in where a host ·or a . source 
o:( food is availabie. . . . . ' ·. 

. Altho~gh few people would objElct to the control of dwarf~stlotoes, 
·01;,her. allied · genera · are of econ_omfo imp.ortance • . . Certainly fro~ the . 
recreational as ·well as the economical standpoint we wo'uld not :··want t ·o 
p~rp~tuate ~n· organism that would eradicate the mistletoe we hang over 
the doorway ~ach · Christmas • . 'As-Huffaker · (l) ·_points out ·;sqme of 'the ·.'•· 
fact .ors . to be · considered before initi:ating a biological . control ·pr 'ogram 
_should incl:ude : .future values a.s well .as present onei:;, miriority . as w~ll 
as maJority rights ;, interests of another states or nations, and ~119 
effects on other plants or animals. 

.. M~-~-t ~f ··the . objec .tions to . the biological :cont;ol of weedi:i°' as 
previously mentio'ned have sin ·oe been discounted, -or ·-are i..t. lea.st unde:r-
stood ~_nd .a :change , in att~tude is . taking place, -stimulated primari _ly .by 
the : suc .cesses :obtained _against some major weeds ·and . the · _fact that rio .. 
insect introduced for weed control has become a ·pest. 

So far most all .of the discussion has been .concerned with the 
•--biological bontrol of · weeds with insects .. ·Let;-: us how ta,ke an overall 
look ··at . the possibilities of using diseas13 organisms as biologicc!,l 
control agents of weeds~ 

·· · ·To ' be_gin with, what problems might · be expected in · using disease · 
organisms as biological control agents. · As I see . it in most cases, a 
number of problems are involved. Certainly there can be conflicts of 
interest - regardless of what type ., of biological. ·control {3:gent is used . 
And risks tci: economic plants · are-. definitely-involved when introduc ed 
diseases .are considered . for biological c.ontrol,. ·. · · · ·. · 1• 

· In general, ' I · inight say that the . basic problems . confrol}ting re-
searchers in using .diseases for biological control · ar'e•·,nnich the -san e ·. 
as ·those confronting researchers ·using •.insects- ,as .crnntrol a.gents, ."'and 
that .·the problems of testing diseas ·es for ·c·ontrol are ·equally . a:s 
diffic'Ult ~. if · ·not .:m0re.-.. so : :-:··· · 

Ts 'biological control of dwarfmistletoes possible? •: It seems to 
me that the· possibility of . ·develbping a biological contl:'ol :through .. 
continued .research > is · quite ; good~· First let me· say that control of · 
this pest ~·-as · well . as many·-others, to be ·economically souhd need not. -
be ' 100 pe-:cce·nt · effective. :tt · is likely · that a reduction of : e*isting 
infection or reducing subsequent spread by even 50 percent would be 
considered excellent control, Of · course the actual •limit : of e·ccnomic 
feasibility and benefits achieved · from a bio:J,:ogicai. control program : 
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; earmot, _a~--th:ts . tilne be . estimated. These .. types .. -0.~ questtons . will have 
··:t .o be_ -answered during _ and after. the course ·_of the research -arid control 
p:roject .. -· . . , · 

, • • "I '• 

:· . -What are _.the. . possible bi<?logical control . approaches tha _t ma:y be .. 
ta.ken -_t9 redu _ce ~~ina.ge fr.s>m dwarfmistletoe ·s? In . ge:rieral, two bJ?oad .. 

·,:.•J3.ppr9aches . may be taken. The first is -aimed at eliminating existing . 
infection; the second aimed at p~eventirig further -~pr.ead _of . th~ -dis- .. 
ease ( Table 1) • 

,;:.· . Af? has. been _ the ca s~ .in _many ;in~ta~i:es, thci. act,ual developni~nt . of 
.biologioal . 69ri:£roJ. of a-. par;ticular: :pe~t . has :;not ·beetj · as straight .:t:or~ 
.·:ward. 9:s one : ~gbt .. assume. ·-si.mi~a;r.ly, I envi#on wi~h .regard to dwarf~ : 
mi~t,l etoe~ .qerfciin .obstacles :that may make the t ef?\ing and ·developin~rit 

., .. of .a bi9log;i.cai" c9ptrol 'by ·:edth er an insect, or p.j,.se~se somewhat of 'a .. 
> challenge ~~- Bel 8,:( are ·1:1.sted s·oinEi" of the cha.r&cter:i_s"tics of. dwarf:.:. . · . 
. : 'iiiist 1eto'~s \h~t ,~f. :ca)iie ··:f~m_e'_ciifficu lti ~s ~f :·dev~i~ping a biologic~l 

controL · · '· .-. ,.,.• . . ' •- . ·. · . · ,. . · .. · . -. '_. 

The difficulties that may.arise .when considering bi.ological 
control :·o:f dwa:i-fmist'letoe or· : any pest -·toi-. that matte r . are not presented 

··'.lo. qisc9fu'a:g~ ·:·efforls at·· l::ifologicat '' c9ntrol . On t,8e c·cntrary ;·'they are 
-:' intended ' mer¢ty '_to _ p'6int out o~je'ctively some of 'the difficu l ties that 

may arise · when cons :ideri ·ng a ' biological contro l approach ·to a- given 
problem. · 'v.·: · · 

'At~-least -two .studies ·-have been made in an attempt ·-to achieve some 
measure of ·c·ontr ·o1···0f: d.varfmist ·letoe by · using pathogenic fungi as bio-
logi-cai , control agents (2; -3); .. 'l'hese ·-i-nvestiga.ti6 .ns · were c,6.nducted i n 
the field and were for the most part merel y attempts -t o· -est :abli sh . 
nativ e fungus pathogens in areas where th ey did not naturally occur. 
Thes e ··:pre _l:iininary attempts faile<J. .to provide any. measure of hi'o l ogical . 
control ···-and;;Were not :pursued any . -further ";/_·:.-~- :- • r · _. :.· .::.- .. •. . . • .- • • 

. . . . , ... ,"'.., 

.-·.; --1·Recentiy-, .however, some i nterest has arisen over · thffhiologica1· 
contr.ol: -·.of ·. dwa.rfmistletoes. . An active pro grain aimed . at the biologi- . 
cal control of dwarf mistletoes with insects .has been :undertaken -by ·: 
Dr. Car l Huffaker and hi s staff, . Department of Biological Control, 
Uni ver:sity ,of . Galifornia, Berkeley ·. These · investigators - are studying 
insect~ . in Qa,nada tl)a:tc.may be . i~tr oduced ·into ·Calif or.ilia and _west,ern:..._ 
North: -Al)lerj.c_p, · ·§.$:-1 biologic-al. , ;control agents c To da t/v ,two · insects have · 
been · iou~_g./,tl.lat .are considere d possible , control agen ts .. · One is a ·/: 
Geometri d, the oth er a nee dle miner in the genus ·Recurvaria. _: At · p·re·-
sen t these insects are being st udied only in their nativ e habi tat of 
C9-na,.c;J,a,:l;m,t it :"J .$:·h9ped il'l the near -f~ture t,hat · t-he insects !may:.be 
in~ r o<;J.:ue.ed inj;o · C_alif -ornia for testing. Plans have al~o be en made 
by_-;_Buflalrnr .· to -study ins ec tp 0f dwarfmistletoe in . India , as -p9ss ib -le . 
b.;i.ol~gica l 9,9ntrol agents of N9r.t,h American dw~r.fmistletoes. _-r' At .. · ::: 
present .,_,, h~wever; this investigation has bee_n t _~mpol:'ari.l;Y ,postponed. ·, 

' -· 
:>•._ . With_·_.the __ exc eption of the current program .pf Huff ak~r and _:staff· . 

. I . . -· 

and,,.a _ ~~.w _µmited inyestigations bein g made on ° ,fur-1gus parasite .s -_of · 
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dwarfrnistletoes, the biological approach to dwarfrnistletoe control 
is not being pursued. _This apparent lack -of interest and activity 
in the biological approach tq control is . in _ contrast to the rather . 
extensive studies and efforts being made on· silvicultural and chemical 
control of these parasites . 

I believe, that because dwarfrnistletoes ar-e the number one 
forest disease problem in the West and because no overall economically 
effective method of control has thus far been developed for them, all 
avenues of re$earch leading to control should be ,vigorously pursued •. 
This should include 'stud,ies in biological as well as silvicultural 
and chemical control. - · · 

· We in fores try particularly · in forest pathology sh,ould at least -
understand that biological control is more -than ju~t a :concept but 
an accepted, proven method of control in many in stances. As re-

. searchers we should also be aware of the possible uses of biological 
~o~trol in our areas of investigation and disease control. 

Lastly I would like to emphasize the potential use of biological 
control in forestry in general as a possible approach to solving many 
of our weed, insect, disease, and brush problem, 

CHARACTERISTICS OF DWARFNISTLETOES TO BE 
CONSIDERED IN DEVELOPING BIOLOGICAL CONTROL 

1. Dwarfrnistletoes are obligate parasites ·and must be handled on 
their hosts. 

2. Host specific species and forms of ·the · parasi _te exist . • 

3. I)war.fmistietoes are wide.spread and grow under different environ-
- mental conditions. 

TABLE 1 

APPROACHES _TO BIOLOGICAL CONTROL OF DW/illFMISTLETOES 

A. Eradicate. 

L _ Kill entire plant - (resin disease). 

B. Prevent spread. 

1, Kill shoots of the plant (Colletotrichum, . 
Septo gloeum, insects) 

.2·. Prevent flower or .fruit production . (Wallrothiella) 

3. Kill seed or prevent them from infecting host 
(fungi, insects) . 

.' 
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BIOLOGICAL CONTROL OF ROOT DISEASES 

. . . . . 

. G. W. Wallis -

The foregoing papers have given an adequate e)(f)lanation of the 
concept of biological control. It now remains for us to discuss 
the principle.sand uses of .this concept :i.n ~he control of roo-t;, dis-
eases. This indeed will be a formidable task in20 minutes, for ' 
n,ot only must ·w_<:l. be acquaint _ed 1f;Lth roo.t ,diseases in the field of 
plant pathology but we must also be intimate with the . large volume 
of information disseminated in latter years in the fields . of soil 
microbiology and fungus ecology. The approach I have chosen there-
fore, is to set forth certain p:r:-i~ciples, point out how they have 
been used and abused, and finally· to" summarize the future needs in 
research . for :a proper under,standing o:t; the ,so il and . host as they 
relate to biological control of r·o6t . disease funf'.;i. · . . .. . 

Fundamental to any consideration of control is a·precise 
understanding of the .growth habit 9 .. and ha,1:iita,t. requirements of the 
organisms involved. 'In no case ·is th is truer or more difficult to 
acquire than in the control of root diseases. 

-i ... . 

Based on the .ir g;r9wth habits, Garrett (1956) has divided root 
disease fungi into two ·c-ategories\ ' ·. . . 

Soil-inhabiti.ng fungi - those ~haracterized by the abi lity to 
survive indefinitely as soil"saprophytes . 

. •. , .,,· !_ 
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Root,:.;inhabiting fungi - those charac _;terized , by p.n _expari\iing 
parasitic phase on a living host plant 
and by a - declining . sa pro ph ytic -ph ase · 
after its death. 

Representatives of both groups ·occur among the root parasites attacking 
trees. · The importance of knowing into which group a-fungus , fc!-ll-s it,· 
self-evident. In the ·root-inhabiting fungi, which make little or nQ 
free · growth through the soil, ~,.any cliange in the environment will ·-
probably have · its effects felt· through the host or host-fuiig:us , relation-

' shit< Whereas, in the soil.:..innabiting fungi, einvironmental changes · are 
more likely to have a direct influence on the fungi themselves. 

A major proportion ° of the early studies in biological Control of 
-·root disease fungi were conducted on agricultural crops and w~re 
-directed toward soil'.""inhabit.ing fu11gi. A knowledge of the .principles 
revealed by many of these studies is a requisite to a proper under- . 
standing of root disease control, particularly in nurseries; -· 

--~ · Root disease inve$tigations, as we now know them, go _back li ,ttle 
· beyond 35 years . . · Earlier investigators were occupied primarily with 
the taxonomic identification of -important root .disease . fungi • . The 
work of Millard (1921) and Sanfbrd (1926) forced plant pathologists 
to acknowledge the importance of the general microbial population of 
the soil; Millard in showing that potato scab {Streptomyces scabies) 
could be controlled by green maril.irihg ::and Sanford by sug8esting ·tl).?,t 
the control might be due to : the ant ·agonistfo effects _ of saprophytic 
bact:eria · developing on the decomposing green manure. Weindling (19.32) 
did ·much to stimulate the study _·of microbial interactions -lfheri he 
demonstrated the parasitism ·of Rhizoctonia solani ·by Tricll,oderma. 

/ · 
. -. ··.. .. . .. 

, ' Following these early discoveries there had been extreme · 
·_ .9pti.rnism that soil.:..borne diseases would soon be controlled ·bJi,:_ 

inoculating · the soil with antibiotic producing organisms~ '£his • 
optimism soon faded. Garrett (1959) had this t6 say: 11If an ·alien 
organism with s·uch desirable characteristics be iritrodticed into · a · · 

.:~,oJl · popula~ion from which it is absent, there is -alyays a chance .:, 
&lbeit . somewhat remote, that it will succeed in establishing ,itself, 

'. and that beneficial results ·will follow. But the population of 
most soils is a :remarkably cosmopolitan · one, · and the absence : or . •, 

. scarcity of a particular organism · generally denotes · that ·conditi '0ns 

.,in · that particular soil· are unfavorable for it, ratner than that no 
attempt at colonization has been :made, because of its r ,el;ltrieted 
g~ograph:i,cal distribution. Most attempts at soil inocula,~ions have 
ha.d . a .·still smaller chance of succE:JSs, becaus~ the ino~u;l..ant o:i:'ganisms 
had been isolated in the first place from the -soil in wµich it was 1 
desired to establi$h them at -:a high.er pop:ulatio)'.l. level. ,-:·· Such attempts 
to .boostthe population of an antagonistic : 9rganism by _inoc-µlation 
alone have been doomed to failure from thei _r ,inception, because thE;ly 
are in fl~.g"rant contradiction to the ecological axiont ··that the popu-
lation is a reflection of the habitat, and that any :.change .due t o ·• 
plant . introd1.i.ction without change in the . habitat ·must be a · transie nt 
one 11 • 
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· A promising approach to biological ._co_nt:t_'?ll _a.hd:_6ne which is 
still being investigated today, is the alteration of · soil conditions 
to fa vor the activity of saprophytic or ganisms , increasing the in-
tensity of their natural -biolo gic al control of root parasit es . The 
addition of or ganic materials to the soil to cause a rapid increase 
in the numbers of saprophytes 1-1hich may hinder parasitic activity 

· is commonly -~dvocated a-s: a method of changing soil cond itions. The 
early belief _that the · . py-products · of the increased popul atio ns of 
saprophytes ar:i.sing from · this . procedure act directly . on the para{'l;i. tes, 
however, has proven to . be : an oversimp l ifi9ation . .l'he actipns iny0lved, 
ar e,. in _f<1ct, , extremely , complex, en cpmpassing the hoE?t as well as , the 
fungi, • and much has yet" to be , learned before the . complete action is 
under stood. Partial sterilization of the soil with chemical or steam 
has : shown promise _ as a method -of changing soil conditions. The 
or ganisms which first ·. recolonize the -soil f ollowing . treatment govern 

: t>he success ·of th~s ~pr ,qcedur~. ,,Ttichoderma ,v:iride, an active . anti-
biotic proc;Lucer .when :i._tt · pure cultu r e , has been s-hown · to have a ·con-
siderable · tolerance to · a range . of . chemicals ·. -used as ·. soil sterilan ts 
and {requently dominates the soil population following partial 
sterilization usin g_: steam. Although the details of ·all the . pro cess es 
involved are :not. ,yet known, ·the cont:ro l of root parasites in nur~eries 
by . the ·. addition of acids to alter · soil • conditions probab l y•. 01,yes· a 
porti on ·.of i ts . success to microbia l ·in t eractions. . · 

. -
Biologicsil ·. c.ont rol has found limited appl ic ation to date in .re-

i·~ str .ictin g-_-the ·development of root-inhabiting ; fungi . of saplin g and 
larger trees, however,the results of the stU:dies ;invo lved .have 

. contr _ibuted to _ the ·· over .all - underst andin g . of host-.f1J.ngus inte r act io ns . 
By ring · barking ··trees prior ·to f ellin g, Leach (1937: 1939) was able 
to :t~t ~ll~: in ciden,c e ot Arni:i,Jl.,aria mellea infec tion in the ·s tumps 
and roots. This he att ribute d t o a depletion of the starch reserves 
and to a rapid .killing of the ti ssues , withthe · r esult · that the roots 
were -colonized -py, soil-inhabiting fungi . to the exclusion of A • . mellea. 
Bliss (1951) observeq. ,th at A. mell ea in citrus root sections - bur i ed · 
in tpe _ -soil · w~s killed: when-;-funiiga_tod vnth ·carbon disulphide. He, 
postulat ed .that the .fungus was not killed ·by thedire ct ·act ion of the 
fumigant but indirectly ·by . the -antib io t ic-act io n · of Trichoderma viride, 

. ·_.the . population -of. · tl:).e. latt er having ·i ncrea sed markecUy in t he treated 
soil. Although ,hi~ hypothesis was shown . to be . only · partially correct 
(Garrett 1957, ·1958}, the . findings served ·to s timul ate a grea t deal 

· of ··r esear ch into the use of chemica ls to promote rapid increases in 
·· the population of certain ·soil-inhabitin g · orga nis ms, the development 
of which ·would i nhibit plant parasites. •· Rishbeth ( 1950) suggested 
the the rapid spread of ·Fomes ~nr1osus in allca l i'ne versus acid soil may 
.be the result of fungal int eractions . · He· not ed that ~he _fungus grew 
rapidly along the bark surface of rob"ts in alk aline s·ons while in 

. acid soils it was conf in ed t ·o the inner tissues. · The lack of ·fungal 
growth on the bark . surface of .roots in ac id soils · he attributed to 
the pres enc~ of antagonistic .organisms, ·particularly Trichoderm.a . 

-: virid e , a\nmdant in acid env ironm ents but · no-t in alka l i ne; Fomes 
annosus however, has been responsible for considerab le damage in 
st ands growing .on acid soils in r egions other .·than East Anglia. 

I 
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Prevent:i.on of spore infection of s t umps, the mearis by whii::h F. annosus 
spreads rapidly through and between stands, may be achieved oy both 
_direct . and indirect biological methods. Peniophora giga!ltea, when. 
sprayed on the stump surface; will colonize the tissues to the ex-
clusion of F • . annosus. Chemicals which favor the growth of seco·ndary 
wood destroyers while inhibiting F. annosus are being used and new ones 
are continual~y being . sought. · · 

An area of study, . yet in its infancy, which should provide many 
of the . answers to questions pertaining to the biological control of 
root diseases is that concerned with the interactions of host and 
organisms in the root rhizosphere. The ultimate success or failure 
of a parasite, prior to entering the host, is frequently determined 
·in the · rhizosphere zone . A higher population of microorganisms in 
the root . zone as compared with the surrounding soil has been recorded 
on a number of ·occasions. Lochhead, Timonin and West (1940) and :· 
Timonin (1941).recorded differences in the rhizosphere microor~anism 
population of wilt resistant versus susceptible flax. Buxton(l958) 
was able to bring about a change in the virulence of Fusarium 
o:x:ysporium f. pisi by exposing the spores to the root exudates of 
wilt susceptib~nd wilt resistant peas. A good example of some 
of the interactions which may occur in the root rhizosphere is given 
by Buxton (1960). An alteration in any one of these interactions may 
act for or against a root parasite, 11The direct effects of pea-root 
exudates on this fungus, (Fusarium oxysporiu.m f. pisi), may be miti-
gated by the metabolic products of prevalent rhizosphere microor ganisms. 
These, in turn, may have additional effects on the Fusarium depending 
on whether or not root exudates may increase their growth rates or 
their output · of antibiotic m:etaboli tes •11 

i- ·· ··-• . . --- -, ··- ~---- · ···- ~- --*•-- ~-~--
/ F. o:x:ysporum f. pisi 

. \ 
·.,B 

.• ~-~· 
C 

\ ' 

.j .\ . .,,--· 

·- -- ·. /. - ····•···,,.---:_-,,,.- D ··, . ---·- ·····•:..·-·•·······-·- ···•·•~ ... i Ro.at :exudates i · -:---··- ···· ---> l Other microflora . ·; 
·····•• .. ·_-;--c.•-···-· ·-- ·--~ ·-·~ ··- ··-- - -:· ··:· ----. 

11Root exudates can directly affect both the pathogenic .Fusar i'um 
and the other rhizosphere microflora (A and D). The microflora will 
affect the Fusarium (B) and, _when supplied with nutrients contained 
in root •e:)(:Udate., they mcl,y have additional effects . ( C) • Interactions 
A, B, and O. ar~ primary, ,whereas C may be additional to B, depending 
on the availability and type ·of -nutrients in the root exudate. Whether 

. or not effect E can be assessed, that is whether any of the rhizosphere 
.microflora may alter the quantity or quality of root exudate, depends 
on the evolution of a suitable technique •11 In hi _s experiments, · Buxton 
was able to demonstrate that root exudates from susceptible pea hosts 
which encourage the pathogen's growth or promoted germination of its 
spores may at the same time increa se th e inhibitory potential of its 
competitors. 

/ 
.. 
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These .are but a few of the principles which have evolved from 
. the · ·extensive experimentation to date . Success in deve loping a . . 

satisf!3-ctory biological .control procedure for many root . disease ·· . 
fungi demand$ an intimate knowledge of the host and the mul t~tµqe qf 
soi l .organisms as well as the . parasite :. This would imply a much 
closer working . liason between . plant physiologists, biochemi$ts , . 
plant pathologists and soil microbiologists than .exists at present. 
Pr actically nothing is kno1-m about the · way in which root exudates, 
and microbial metabolic products affe c t microbial intera,ctions and 

· ·the host..,.fungus relationship. Th,e saprophytic behavio:u'r of most . 
root-infecting fungi is · little understood •... Information on the · 
J:'.eJ,.ationship between norm~l rhizosphere mfcroorganisms · and parasitic 
fungi is fragm~ntapy. Our basic knowledge must include a bette r · 
understci.nding of the m;i.tritional requirements of the organisl)lS in.: 
·yolved, including the synt _hesizing capacity of . the _rh _i .zosph~re 
organisms · as well as the pathogenic fungi _.. Suc.cess in the future . 

-probably depends more than anything else on· the development of .· 
.• ·re _fine _d techniques which w-i;J.:;t. mak_e possible the measurement and 

analysis • of complex_-root ·exudates and _microbial metabolites. · Until 
iriteraction ·phenomenon; organism on· organis~ , organtsm on host and 
host .pn orgariism, are known with more certainty, deyelopment ·: of.; · -·.• 

· . suitable biological control procedures for root dis.ease _f1.mgi ;.i:ill _ 
· remain in the han.ds of madam luck . 
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PANEL II - THE ROLE OF ANTIBIOTICS IN CONTROL OF TREE DISEASES • 

. CONTROL 01<' RHA.EDOCLINE NEEDLE"'."CAST BY ANTIBIOTICS 

L. c: Weir · 

The needle-cast of Doug1as-fir caused by Rhabdocline pseudotsugae, 
Syd •. is a serious disease affecting natural and planted stands through-
out N.or~h t,.mer:t-da and Europe. On this cohtinent most conc;;ern 'is :r elt 

·ih Christmas tree , production where infection renders trees unfit for 
sale •. Earlier attempts at control were not completely successful 

·.'either through a _ failure to affect the pathogen or for economic _re asons. 
iWork in the control· of· white pine blister . rust,0beirig reviewed at length 
at this conference, , gave some hope that a measure of control might be 
est·ablished through the use of antibiot ics . · 

· An area in the East Kootenay region of British _ Columbia ;was . chosen 
for the experiment and a total of 365 trees tagged for treatment. Cri-
teria -used in tree selection were: susceptiqility, based on foliage loss 

. from infection ov:er previous years; tree height -, limited to 15' feet to 
facilitate · both _adequate coverage . by foliar applications . and the 
necessary needle · s·ampling after trea:tment; and relative isolation from 
other treatment trees to lessen the possibility oi' spr ·ay drift. 

Two antibiotics, Phytoactin and Ac_ti-:-dione (cycloheximide),·plus a 
number of chemical derivatives of cyclohex:i.mide ·were applied to trees 
either as stem sprays or aq foliar applications. All materials were . 

-· applied ih . concent1::ations of 100, 200, and 400 ppm.with ~he . cyclbhexi-
mide ·compl:ement also applied at 800 ppm.:. It was :felt, initially, that 
the highest concentrations might be phytotoxic but that it was necessary . 

. to try ._a.nd c9ver the r.ange within which control ,action might be found. 
All,'sJiraying was done in 1960 with a 1-gallon Dobbin -hand--sprayer, with 
·each combination of concentration a.nd method _ appiied to 5 trees for a 
total of 350 trees. In addition the stove oil . carrier for the stem 
sprays and the stove oil-water emulsion.,for foliar sprays were applied 
alone t'o groups of 5 trees each and. a further 5 trees were left untreated. 

I 

"" The assessment of any disease control experiment involvin g the appli-
cation of fungicides to trees requires an evaluation of materials used in 
terms o'f both tree and pathogen response. With diseases such as 
Rhabdocline, . this evaluation is best, albeit l aboriously, carried out 
by needle counts, since phytotoxic reactions inv olve both foliage loss 
and perhaps tree mortality •. In the so-called shotgun approach to con-
trol in which a range of concentrations and materials is used, both 
reactions may be expected with confidence. 

Yearly evaluations of the experiment have been made s in ce 1961 
and during this period of time tree mortality following stem treatments 

-34-

,; 
',, ( 

/ 
I I 

. ! { 

' 
'I 

f 



•. ' .. 

has continu~d to · be well in excess ·of. that after foliar sprays. The 
1964 data showed that mortality rate ·s with the respective methods of 
application were 60% and 11%. The.majority of these deaths occurred 
following treatment with 6 of the 9 materials used, and rendered in-
valid any statistical treatment of data from needle ·counts. 

Where needle counts were valid, the four-year accumulation of data 
show!:3d a slight trend toward loss of effectiveness. Percentages of 
infect ·ed needles on treated trees were still below the values on the 
untreated trees. The data suggest that 5 years may . be the limit beyond 
·which control of the pathogen cannot be maintained, but since · this tim e 
limit approaches the period of needle retention in Douglas fir, · the 
ooject~ye of the exper:iment can b~ said to have been achieved. 

Conclusions derived .froin all the data collected are very · sj,m~lar 
to those made after the initial eva luation. · Percentages of infected 

· needles a.re low enough in most cases to enable one to constq~r the 
· ~uccessful materials effective in · control of Rhabdocline. Of .the two 
methods of spray application, the foliar treatments still provide the 
:better results bo_th with _ resp~ct __ to _tree ·mortality and to infect:i.on 
levels. It is · prc>bable, even yet, that ·not a11 · the tree mortality 
recorded with either method results completely from treatment · applica-
tion ;:ilthough such application con:t,ributes in large measure _. One is 
forced to rule out several materials applied either through · a continu~~ 
or ·dev:eloped ~ack of control of the ·pathogen, ·or througl1 high mol'.tality 

· rates. Initially the compounds selected as being the most effective 
were cyclo .heximide thiosemfoar.bazone and Phytoactin. .The dat .a gathered 

. : over the period of .examinations indicate . that thes .e trf6 materials are 
· still the better compounds but that the action of Acti-:dione · ·m con-

centrate warrants its inclusion on the list. There remains the indi-
. ·cation, only slightly suggested by the data that initial concentrations 
were · in exces ·s of the level necessary for control. Unfortunately, the 
natu:r-e of Rhabdoclin~ . being what it is, tests of effectiveness can only 

.. be made under field conditions and an hypothesis about lower ·concentra-
: ti.ems has no basis in fact at the moment. . 

ijowever, since the data a'lso indicate that ' hi ~her concentrations 
gave: no 'better results than did the lower, except in isolated cases, 
the advocation of a fairly wide range of concentrations is unt-1arranted 
for a _repetitive experim ent. A further experimentation with . similar 
materials applied to Rhabdocline could profita~ly be limited to lower 

.. concentrations :-applied as foliar sprays • . ·. . 

l 

t' 

\'.;-
J., 
( 

f 

-., , .. 

r..: 



pa 

PROBLEMS IN EVALUATING RESULTS OF ANTIBIOTIC TREATMENTS 
FOR ·CONTROL OF TREE' DISEASES , .. , 

· .. Charles ·n .. -'Leal?h1:1-rt 

In addressing my topic> 11Pr oblems i~ eval~ating · results· b.f ·anti-
biotic treatments for contro l of tree dis eases, II may I sugg~ ·st th.at our 

· suc.cess .wii;;h chemotherapeutants will depend on hoY\ thoroughly we under-
stand three : factors about the diseases we work with. · · These three fac-
tors a;e: . (i) -the physiology of the pathogen, (2) the physiq],ogy of 
the host, and (3) the . host ·-para site relations : as · disea~e · symptoms 

·:progress through the death of the f!OSt or 'the peak of disease · !=X.PY-~S-
sion • . 

I have f i ve one-word 
of ·antibiotic treatments. 
ahd · who ,If Let · me ·exp lain 

questions which form th~ basis for evaluation 
My questions are 11what , how, where, when, 

these · in order ·; · · 

, ' ·lfua:t. 'Whai:are we evaluati ng in control.: -_e;adicatiori (killing), 
. arre .stment, .· or :prevep\icm7 . Al,i three case ,s . might . be, ap)?lic11b;i.e;,t_c,::the 
91ist.!=r ~ust disease .. an.d .. q_epen9 on age of :p;i.ne .stands and man~ge)ll~pt 
pl _a~s for . th ese ' st~~d!? ,:. i . F,or -Rhaqdo'cli _ne~ -p,seudot~uga ~' ) t may, · .. ~iJ¥P,~Y 
be o.ne . of prevention . . . · Regardless of the contr!,:)l ob_jective ,, the .v.r\:>blems 
hs:i,:ve _just started . opce _ your .decision ·_is made·. _·.. . .. ,.' .. ' . . _.·, - . ·. · 

· ' · · How; · How·do we evaluate control ? For · the cul -turable . fa.culta.tive 
pathogens; - s'tich as ~- pseudotsugae f -we can: and should use isoiat101~ 

·techniques, · especia lly 'as the ultimate procedure in . evaluating exjieri-
··m~ntal tests; and they could · very . well be · employ~d irr -spot· sampl.:J.n·g 

. "·,··cbntrol ' 'programs . . However' for -the obligate p'tiras':Lhes:, EUch:, i:tS-the. 
Cronart'itlins including C. ti'bicola; . i'solation· te'Clmiques : are ·presently 
-unavailable; -so other procedures must be · used -. : · · · ' :--:-:· 

. ' . : . . . . . ( .. . . . . . . . . ·. . . . .. . . . . . . :;, . . . . 
. . , The. _presence -of disease symptoms and ch~nges · in these syip.pt_or:o.s 
. ;; of'.fer other criteri'a for eva lu ~t:Lon; .'but then do we rec6spize' . a.ii .. the 
.·· :varia.ti9ns · in ._expression of .infection . . For Rha'bdocUne, 'it se.ems ·i:;hat 
·::' .t_he ab _senc;e o(f:ruiting ~o{s :'riqt 1nean _tha,t rj.~_e_dles _pave .tipt aif~a4y 

been infected for severa l · ye~rs . or tti.at ·th 'e_-'my9eliuin could Qot .tefu.ain 
vegetative following treatment. If; as wi 'th b'asal stem treitinents " for 
bli .s½er rust, .tr ,eatments de_p,ress fruiting or if e:y{:l.luat j.on is .:based on 
'oniy a . few syrnpt}ims, iriterpretatiqp of th ,e . ef;f~ct ··of/ cbtit',roi"tiJ,ay ip.deed 
?:·e :_corifou nde_~· , ... .' ; . . · · · · · · ·:•·· · ,. · ·• · · · .· · 

.. '. · · For th e hli'ster : rust .di seas-e, · many .. symptoms of -canker activity 
·. cari be used .for . eva luation ; but these. .:symptoms show great variation 
and the absence of any activity on a -·Canker face does .. not ·· 1;1eces,sari-ly 
mean a canker is inactive or dead. 

At ·lea st one other alternat-i-ve .. is open -t o us --for -evaluation purposes, 
namely, micro- and macroscopic staining . Radiological methods are sug -
gested as a potenti al means from studies of Elytroderma deformans. Our 
studies of blister rust mycelium concern vital staining, fluorescent 
microscopic, and respirational comparisons of infected and noninfected 
tissues. All of these studies on blister rust involve the biochemistry 

j 

-36-

'1 

l 

r 

, r 

\' , . ... 
( 

f 



and phys-:i.ology of the ' causal organism. Altho\igh _ i beiieve we can 
devel op at least a microscopic technique·, I want . _fo e:mphas_ize these _ 
needed fundpmental studies have started many.years after we started 

. ·_ testing . ant:i.biotic,s. : It has become clei3r t,hat tliese studies _ are now 
needed . to sl:lorten _ the _, time period t"o evaluat 'e control. .- . '.,:; . . :~ . 

One ~ther q~~stion CQ~cer~ing •. 11how11 h~-~-b~c~me very. _app~r~rit ""in our 
w9:rk on-bl:i.:ster , rust. How does one s epara,te control caus,.f-3¢ ·:by :ah: . ; 
additive; such as antibiotics, from :i:ratural bio\o,gical :, control?_ Although 
we often know to .o little a:l?out _some of our for .est pi,rtp6gens, _we ):cnow 
even less eb9ut theirparasites. _We know far less than'i'{e )i hou.Jd about 
those of . C·, ribicola • · 

. Rayl Hirt (1) points qut that in~my white pine .blister rust c_ankers 
in east .ern white pine c?n remain apparently dormant for several years and 
their .. symptomology is so _alt_~red that they ."are difficult to re,cognize 
as blister _-rust cankers. 11 ,:r;n. the _western .white pine type, we currently 
find a hi gh proportion _of 11,letha l 11 cankers with ide:ntfo .al symptoms on 
some areas that have received no antibiotic treatment. These cankers 
often a-re infect .ed _with the. purple mold .t:µngus_, Tuberculina maxima, a 
pa.rasite oLthe _blister rust .fungus. In .many areas nonparp.sitized 
cankers . are diffic"l}:)..t to find. · ' · · 

. Kimmey has ·experiments planned or underway to assess th~ effect of 
this parasite; but, for the purposes of · the present discussio~, syinpto-
mology of nontreated cankers infected with Tuberculina is so similar to 
symptoms_ of treated cankers th<;lt any .tre13:teq ,ca~t;Jr, parasitized with 
Tuberculina, cann~t be .properly evaluated so far as tlle . effect o.f -the 
antibiotic _is conc.erne9-, unless appropr~ate nontreated ·controls ·are : 
available for comparison~ Some Tuberculina . infected cankers, displaying 
inactive .symptoms, . go o~ to .produce .typical blister rust .symptoms the 
ne~ year;- other infected ca!}kers develop cal;I.us ti _ssue~ · · · 

' 
One SU!)lilla,ry point on thi~. s".1-bject orpar~si~isi:n is th .at ·. I3{11 ~ertain ·:, / 

o,ur control people care . very h.ttle . what · is. killing .. Q~nkeri;; as long as ' . · 
they are killed. But until the effects of Tuberculi~ . and other biological ' ,,,. 
agents and ecological factors are evaluated both with and without 'r ~-

. treatments 1:ly. chepiicals, . including antibiotics, w.e .. wi,11 n9t be in a ,1;_ 

. .satis;factory ppsition to . evalui3te effec:t"s of the cheii).~cal~, :wh.ic h.._lve 1 

·apply. Certainly, _parasiti~m .wiJ,..l be encountered in other:- 11white _ pine 11 

~rowing areas, and,_ it merits consideration in your , evaluatio;i _proc ·edures. 

Finally' in trying to . ansy,1er the question, flHow~.". the design f.or f 
evaluating: results m.ust be statist;i.cally sound so that results can be 1 

· :reasonab;J.,y interpreted by anyone. Your · design T(lust c\.l,low you to i _solate 
the ef'.fect of the active ingredient, it should corisid:er th,e naturp.l 1 

varia{ion of the pathogen and host (i.e., to incorpQ,r .ate b"s i:nuch·: . 
biological knowledge of the target organism as is av'ailable), and .it 
must weather the element of time as set by the control objective. Exper-
iments or pilot tests that do not have adequate checks and controls or 

I 
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that are violated by subsequent innovations, which were not in the . 
origiria-:1. design, will rarely, if •ever, be inteirpretable or accepted by 
our ·pr.o.f~ssional society . .· 

"Wh~~e-. ·Where should evaluations ·be made on dis •eased hosts? - · Until 
a few years ago , · we would have taken the · evidence of no fruiting or 

,. nonviable mycelium in _ needles _ as possible indicators of control of 
· E. deformans • Now we must make certain that the myceli um in twigs is 

.,. al~o dead before control (eradication) can be -:cl aimed. · Limb rust i:s 
. . . a :cl,i9ease about which we also ~new little concerning th e, -distribution .-

of its caµsal agent within ·hosts ' until just recently. We know now th~ .t 
viabie ·mycel ium may be 20 to 30 rings deep ·within the stem; that no 
mycelium exists in the several outer rings or in the p_hloem. of stems · 
and large br _anches, . and, that it may be found in the ou_ter annual rings 

_o_f;t he xy-;Lem and in .. thii phloem only of sni:all ·bratiches ·a nd t1-1ig~· . . It 
seems · to me tl:lat th~s is the type of irifo:rmation we need before · we· . · · 
emb9r~ o_n a systeinic 6:r direct app l ication chemical control program - : 
and , more _ to the point of my paper, b_efore we -can·-do "a .v.ery effective 
job of.._ ev:aiuating · Efff'ects of ch emicat contr~l-~ _ ' ... 

. =~-
':'i-) .. s··-~ p~evi.-0.\~sly .. mentio ned, time ··'is our only ·r eference · .now in 

eva luating blister rust control results. Even- good ·111arginal callusing 
is _ I)ot adequate evidence of control (eradication). · Even if we had a · 

.. good . I11icre>sc9pic staining procedure of diff erentiating between live and 
. dead . mycelia, _ where and how intensively- should one sample for canke r 

t . ·t ? ' a~_i vi _y. . ... · . 

It _ wo1,1.ia·; indeed, ~e· very helpful tci diag nose ·treatment effect 
soon.after treatment on 'an ' in<;lividual canker basis, particularly in · 
experini ent _ai" t~fts :_. H6w~ver, . there· may : be ·· goocf re aso ns to evaluate 
succes .9 only aft~r a period of 11x ·i", years and · just ·-'on the basis of · 
percent cif · infected trees s\lrviving after tre at ment -as compared to 
percent of surv iv brs 1-dtb no treatments • . Surely to be considered , . 

. fgr .eX/:lmple,. is t _he __ 0.bvious fact that one surviving lethal canker, 
partially or_' totally acti've ,- on · ·either a basally, or an aerially." 
treated tre .E( horinally sp~}-l s ci.oom to th at ·tree whethe r 2 or 100 other 

. cankers w,ere· contr<' -lle4 . .:4b. it. . . 
. . . . 

. . . For . interpretation of 1 cbhtr "ol · o:f blister- rust; evaluations based 
;: ',ql) ei~h~t . ciihk~rs· .=o:r trees ' can 'j)roduck two entirely . different meanings. 

The d~gree , o'f _control in trees · depends on the number of lethal cankers 
. ," •.·•· per tree and "6n. the percent" of canker 's . con t rblled'.. To illustrat ·e, if 

the ~rees in a stan~ have only one l ethal canker per tree, 70 percent 
contr9l on a tre_e.·'"6asis can b¢ _attained with only 70 per-Cent canker 
contro,L ' But where two or more lethal cankers are present per .tree 
and ;il' 100 percent canker kill in 70 percent of the trees i s . desired , the 
level .,o,f _c1:3riker cop.tr~l must range between ·54 and 100 percent, depending 
on cank er ·number. · Thus ., it· seems to me that evalu a tion for blister 
r ust~ --as well as for : other dise ases , shou ld be orf a tree basisj this 

,,.,wpu~d . ~mooth out the · n~tur al variation in a popul ation if the eval .: 
ua"tion sample is large "enough. 

) 
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Whe'-1, When shou ld evaluations be made? If you base your evaluation 
on macros·copic characteristics of a disease, you must know the host-
parasite relations and symptomology of your target disease. Some of 
the illustrations I have already used may suffice, but blister rust is 
again us ed as an example • 

. :· Hirt. (2) points out and our experience confirms that :i,n rough-barked 
t.rees -i -as mature trees .often are , the typical blister rust symptoms of 
disoo ,lcratidn and pycnfa l :·scars are ·often . absent. Unless capker~ a:i;e 
examined just _at the .. time aecia are produced, it is diffic\ilt to judge 
whether .cankers are livin g , dead, or in active. Even active canke_rs 
may spar.ingly ·:, .or even may not, produce aec ia; so this symptom expression 
is of que stionable value ._ from · year to year . . Many of you have . p]i',0bably 
looked at :· nibre cankers than :.I have, ·.but, theI'.e is considerable seaso .n-

. to -season and ·year-:-tq-year- vari a tion in discolo :rati<;>n, .pycnia and aecia 
produ ction; fruiting of -Ttiberculina, and .various compinations of th:ese 
symptoms . Thus, when we conside r the question, 11When, 11 it may be 
det ermin ed· a:;; 11x years" following the l ast r~corded activity of a canker, 

·,•·· 
· · Considering this last aspect; . •ttime, 11 a w9rd · -of ca1.1tion is i _n o:rder 

and I have briefed it previously, From o.ur ob_servations, a treate _d 
canker. : may appear inactive for. ··several years- • evi3n to tl:le,: point t_hat 
marginal callus. has formed, . but the fungus · can _ still b(:l aqtive and may 
later fruit at variou ·s points beyond the ca,llused . margin. _-· This re acti -
vation (or perhaps more truly incomplete -control) has bee11 obs,erved : . 
beyond calluses on nontreated, Tube:t.oulina par .as:i,tize-d cankers as well 

. as on canke.rs of trees basally treated with - a_ntibiotics. _-. . . The reason 
; for this .ir!cOmplete c.ontrol is not known, ·· but t~at .,:iJ,<can happen . 
·- is pertinent to evaluation procedures . . 

' w:.,o.· Who should make. evaluatiorts? To me:, this aspec\ -of evaJuation 
· is jus;; as irnportant as . any .other phase of the experimental .'test o:r;-
conh1ol operation. If your evaluator . is not . a skilled, . well-tra-ined 
obser ·ver, · does · not know the variability of the •dis -ea se .syndrom~ and a 
-superimposed di:sease-tre .atment complex, does .not hav e . c;J.ose .compf;ltent 
supervision, and is ; not .working from a stat i st ic ally; caref\illy p J.anned 
and unbiased design, . . the worthiness of .his evaluations will always be 
subject to question . · 

I 
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. TECHNICAL PROBLEMS IN CONTROL PROGRAMS ·' 

Virgil D. Moss · 

Technical problems 'in the development of · antibiotic spray methods 
· to control blister rust, Cronartium ribicola Fischer, on western white 
pin _e-~ · Piims monticola Doug 1., as an example, have· ranged from fungi-

. cide screening to s-pray equipment development. The sequence of ·. steps 
followed · to develop spray methods and the procedures to evaluate anti-
biotic treatment r esu lts has inc-luded: (1) fungicide screening, (2) 

. concentrate, ·carrier/and additive selection, . (3) · act ive ingredient . 
·aosage and $pray vdltilne levels ·~ (4 Y-application methods , (5) treatment 

.. adaptation · for various stand ages, (6) laboratol'y ·controls, (7) . evalu-
. atfon pr6cedur'.es:, · an_d (8) spray equipment development. . 

• " • I~• :, !. • \ •' ,· •. :~• . ! 

· --··- Froni ·1949 through 1964, 76 fungfo'ide-s · were tested · against · blister 
rust o~ western white pine. Forty-seven were antibiotics and 29 were 
conventional · 'fungicides. Cycloheximide and ' ·Phytoactin : a:ntibiot ·ics were 
bc;th biologically ac:-hiv e against ·· the · rust --and systemic " in we-stern white 
pihe Phleomycin, : Murventin, Stendomycfn ', and Vancomyci n remain to be 

: !3vaYuated in the ni..lrsery and field screening pro grams . Cycloheximide 
... ~nd· Phytoactiri fori:m.ilat-ions are available for dilution in either water 

or oil. Carriers wefe .. ·selected for ·compatibility, low cost, effective-
_; ness · of the an tibioti .c ; · and application: facility. · For basa l stem 

applic~tion both _antibiotics are diluted in Region One No. 1 fuel oil. · 
Since · cyclohe:icimide ±s not compatible with all brands of No·. 1 fuel oil, 
Triton B-1956 surfactant is added td prevent the :antibiot ic from crys-

. tallizing out of solution.' Also, because cycloheximide has an affinity 
·for water,' :spray solution contaihers -must be ' kept free of .moisture and 
~pl"ay·. solution -·a'pp lied ·ohly to ':aiy stems. Phytoactin - for fo •li age spray 
is ··pr epa red ·eithei'r ·as an ·aqueous -solution .or oil emulsion, depending 
upon · tree · age -~ : Seedl-ings in the nursery are sprayed with an aqueous 
solutiop., whereas aerial spray . so'lution is composed of 20 percent No. 1 

. ' fuel o·:i!L ;: Mul·tii'ilrii' 1 1suriabtant preserttly is added to aeria l spray -
solution · to 'aid emulsification. ·· Phftoactin aerd.al spray dosage and 
volume rates per acre are 7.5 grams and either 7 ·or ·10 ga llons depending 
upon stand age . Seven and 10 gallo~s spray solution per acre are , 
applied to stands over 30 years and ·t ·o• stands 20 to 30 years old, 
respectively. Spray volume and stems basal tre~ted per acre averaged 

'.' · · . ··6.2 ~ ga_;l.lo_ns ~nd · 152 ·':tr ees . . in . 1963, r_espectiyely . ·' Phytoactin, 200 ppm, 
·and Act _i.:.tl:i;one BR · (c'jclohexiinid 'e), 150 ppm, dilutions in No. 1 fuel oil 
are the ·' soiutie1ns used in the basal steni treatment of western white pine. 
Phytoactin, 400 ppm, aqueous solution at the rate of 50 gallons . per acre 
is applied to seed and transplant beds in the nurs ery. Applied ·in 
September, beds are sprayed in the evenings to take advantage of coole r 

.. t emper at ure ... and hi gher .re l a.ti ve humidity. 

Methods of app l ying an tibiotic so luti on directly to stem infections 
have included excise , injection, slit, and basal trea t ments . The basal 
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steni method with canker .margin .s·carification presently is used _in the 
treatment of western white pine. ,.The .. .spray :procedure , is ·to first · w.et 
stems with oil so luti on ,t0 ·aid in cafiker .identification and ;outJ_ine ;the 
discoloration margin. The discoloration margin is then scarified after 
which generous amounts of - spray solution .are applied to the canker face .. 

· Trees -·over 10 feet tall are . sprayect .to a height of , 6 feet. ''l'rees less 
than 10 feet tall are sprayed upward to ·one-half \ their p.eight. .In ·addi-
tion - to '-'spraying stems, about 18 ._inches of th e proximal ends of branches 
iri the · tar ge t zone are tr e-a te d als o. ·· Aerial spray: ·is applied with -.· 
Hiiler arid Bell helicopters. Flight is on the · contour and upon spray 
completion, are a· edges and ravine-s . are touched up by, dou'ble-spray. The 
e·~fective --spray-w -idth is SO· feet~ · : ... ·· . 

. •,.,.[ ' 

· Th~ ,,technical problem in seedling . tr ea tment is . twofold: (1) to 
imiminize western whit .e pine nurser y -stock against ru .st infEiction in _ 
outplantit.ig hurned~over areas prio r t o or .without rib es eradicati0.n, and 
(2 ), to e!X:tend· protect ,ion ·by .-supplementary treatment until outplanted 
seedlings become of a treatable size · for . ae ri a l spraying. Phytoactin 
applied as a foliage spray is effective in immunizing seedlings against 
bl i ster ·>rust infection . Otl;ler treatments bein g te ste d include root 

-· slurry-, . s ee dlin g dip, root soak, ·and tablet placed in plapt:i.ng hole • . 
In -··addftion to ~ Phytoactin, the antibiotics Phleomycin, Murv,entin, . 
·Stendoniyciri, ··and the cycloheximide derivatives; -semicarbazon.e, _ th _iosemi-
carba -z6ne, acetate:, acetoacetate -,.' and methylliyd ra zone hi:lve -bee_n t~s.ted 
on ·seedlings. Cy'cloheximide tests - recently .-were. terminated. be.q.ause the 
·antibiotic is phytotoxic to · seedlings. The treated seedlings · _..are a_rti-
ficially inoculated with the rust to determine the persistence andj>ro-
tection period afforded by each antibiotic. 

·Laboratory - controls a1>e: maintained on all antibioti~ - solu .t,ions . 
applied in f -ield operations • . Hydrogen-ion and water bardness- , l:evel .s 
:first are determined from water. source -s·amples for aerial spraying. 
Phytbactin : aerial spray solution mixers1: are equipped with large -capacity 

·,:. ·,water : sbftener- ' :'\llrri ts. ·Both . pH. ·and water ·. hardne Gs of spr.ay ,solutions 
ar e periodically checked and adjusted throughout the ,spr ay:,se~so n. · Anti-
biotic absorption, translocationJ and persistence in wester n white pine 

... i.$, stiJ _<;i~§.4.°!?Y. .. Jis.s~~ _extra~t_ic:m me_tho~s. De,partment of Plant Pathology, 
Washington Sta _te University, conducts basic research .. to ··aid fn · tfie ... 
development and improvement of spray methods for Phytoactin. Routine 
tests are the responsibility of the blister rust control laboratory in 
Spokane, ;-Washington. ._, ·. . .. 

Surface symptoms on the canker · face · are used in evaluating anti-
biotic tr ea tment results. The proced ure consists of select i ng only 
dominant or codomin ant crown class trees of good color and growth and 

:with rio stem canker girdling more ·than one-half the ·stem · circumference. 
:kl1 ,st£n if•cankers and - all branch cankers viithin ·4 i.nches of the bole . are 

•··evaluated ' ·on the study trees. Cariker data rec ·orded include: stem or 
bParich : type; ··location, spore . stage, amount of live .per imet er, parasitism 
by Tuberculina maxima J and fr es h rodent chewing. Subsequent ·canker growth 
is measure d from a nail driven . in the canker center to heavy type pins 

i 
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:=• : placed -at ::t heJ .f~ur.c,a·ngular . ape,x ,margins of .. di-scolo.ration~ .Qr owth :i~ ,· 
aga,:j;p·.meas:tw.ed·.:ancbnew pins .. added if canker . margi n ,advanc es -ip -re- -·:--·~ 
e;ic:amining: ca_~ers ..i:ov:er: a . 5...;- .or 6-year-period. . • .. · __ 

' .1... :·· • ::-: ~r~::·:::-.. :;S >-_-
, -; ... •,;·,< , · ·: ·The. biolog ,tc.q;L effect .of ,antibiotics on blister rust , caqkers is _a 

· . , .· _pr_o.g:tessiV.e •.-type ·•action evident by the ·symptom expression oi; fungus ,and 
·· · p;ine, ' : ·I;,ive · canker :symptoms .collectively _:·used : in evaluat,ion .. ar~ .. spore 
... .-.,.:::rtiages,;.i bark c.olor of ·canker margin; ba-rk slippage, . car*.er growth,- ,. 

purple c:mold -fungus ·,.• .and rodent ,chewing.~ •. -Tbe .dead canker ·symptoms .. :are 
·· (1) -.. ab~enee of .all ::liye symptoms, .:(2) . all -bark within qanker area ;-is . 

.. ·br_own1,sh-black ·.in :color; .shriveled , and sunken, .. (3) callus ·pssue ::i.,s · 
visible on more th an half th e canker. ·margin ·pen:imeter, Cankers tha _t :. 
cannot be definitely classed either live or dead are placed in an in-

:act;i.ve:or ::c.6ritrolled 0'.eategory. :-:Inactive canker symptows -include (1) 
absence • of : sporulation, · (2 :) discolorat ·ion :margin is ·les,5 than . ·op.e~.f.qurth 
.the t0tal ·,canker perimeter, (3) there has been no advancement iri. myeelial 
growth as shown :by bark ,.di _scoloration measurements sinc ·e 'spraying, _a'nd 
·(l!') ·;,rodents :·ha1re :not ·rec .ently chewed on ·the :,ca-n.1<:er -margin. <i_•. · · 

!.:· ·· .. ·. 
' ' 

Development ,of s.tem and foliage spray . methods ·usually ,necess -itates 
.. ,the construction or, al t er ation of mechanical · equipment to m:µc ·pnd ,·apply 
. an,tibibtic s9lut:ipns. For : stein treatment, Do.b.bins. :145A .and .',Hutj;_son 291.D 

·_ ·. :-mod·eli;i; ·-L-gallon :capacity, . baokpacR: .spr ayers ·: have been .-m3:cle .-a~aptable 
.'· f.or ··rugged field : use •. ·. B_a-:r·k..scarifiers are ' constructed for ·:attachment 
· ·'.:to the ·spll'ay.er .wand·>'·· Tanks with power ·agitation :·v.arying .frqm_-300 .... to 

-·_.r·::.-1, QOO-gallon capacity are . us ed ,in the - mixin g and :.:;;torage ··o£ , bas13.l_:stem 
spray -·,s.olutio .n-.. , 

: .. ; _ 

Military aviation semitrailer 2,000-gallon tanks have been con-
verted :to -wixers for ,aerial , spray :.s.olut:lon . ;,. Partiti _oned ·,.int,o two tanks, 

< heli''c"optars c·an be , locided ,:and -spl".py ·splution m~ed simultaneously~ 
. Sol;ution is ;mixed .in the . ;fore -tank a.nd . helicop.t,.ers are ,l oaded fr.,om the 

·./.::--:: :rear : tank .. ·Mixer ,equipment includes twi;i pumps · w;i.t.h meters, a wa;-1;;.el,'-: 
,. softening unit, . and a diact omaceous ear t h filt ~r . to catch · silt, organic 

.. :_ · : · c;le°Qris, and :alga _e,. · 
·1. .· 

. ; .. . ( 
. , . 

• \"• ? 

. . ' .. ·' ~-
.. .. . : .· .. ,• .. · ' -· :• ·;. ·. ' 

EXPERIMENTAL ANTIBIOTIC CONTROL OF BLISTER,RUST ON:SUGAR-_PINEL 

· Clarence .· Fh. Qµ,'ick. • •• _!: . ~-l .: • 

. · . · •. • ! . 

.) '- • 

. . , . : , , _ _.., __ 'the .--natur-a;l. ·17ange ·of sugar .'.pine exte.nds fro m the Sierr~ San_:Pedro 
,,._ . Mar.tir of'. Ba.j~:,G:;iliforn~ in .the south -to· Oregon in the. nor-th:;,<·i.,e.-_., 

to . the , S,µnt,_ii3ITl R:ive_r.,,in t,he . G~11,1cµdes and .. to C:UI'.ry County .in ; the Co{ist 
-,· . . · .Range·$ -of -Oregon. ; About --80%-of sugar pine .cut . for lumber ·i s_ ·cut .:in > 

; : ". •. C~1iforni~ .°' ... . .. _ .. _ . _ -~_ . .': .. .-:~ 

I 
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Table 1 is a somewhat generalized list of tests to date of anti-
biotic applications to blister rust on sµgar pine. It is incomplete in · 
that scattered and informal tests are not included. For this reason there 
is "no totals _· lin e . a_t the bott;m _·of the . table O Th~. two "ringed sets of 

. tests -- involy1ng a ra _nge of chemical, ap:p~icatioIJ.~l, phenoio"gical, and 
biological : vaJ;";i.a_b1,e,s -..: probably repres _ent the b.i3st . ser .ies · . o_f sma ll 

. re _~earch,,-type __ tests _with antibiotics that we have in California, 

: . _._ Test progr~ rris: 9f. th~ . Klania°th,_ Forest and ·of PSTl'i Station often have 
b~:~n planned as para _l;L_er and _ c9mplem·ent ary series of tests. Since 
1959 both serie _$· cont ·ai n in~ny· .tests with : chemical fungi-
cides which are . riot inciuded here. . . ·. . . . 

. . . 'F'_irst te 'sts "' :with cyclohe:ximide for _the controi of · bl:i,ster · ru s t on 
·sugar pine were made by H. R~ Offo rd in ·southern Oregon in 1952°, ··tater 
small e,xploratory tests by l-L R, Offord with rimocidin, desertomycin, 
and phleoriiycin cm BR·-:infe_cted sugar pine _proved irteffe~tive. , __ .. 

°Th~ .t;oliowing· br.i~f summary was tt3_c·et;,ed· fro~ D. P. Graham· of 
Region 6 o·· 11 (1) Some· cankers on sugar .' pine saplings and pol,e$. have 
been definitely killed as a re sult of ·antibiotic tre atme nt ·o··· {2) ··Perma-

;,nent kill or appreciabl~ arre _stment of all lethal cankers , on a large per-
·. centage _ of ·treated · tfe es has not been demonstrated _.,~.-(3) ·_· Abiiity , of 

antibiotic s to :transl qca te in suff ic ient quant~t _ie!3_ to l<ill m:'. _otni:lrwise 
adver·sely affect cankers above "the trE:la.tinent .:·zone has _riot" been cie ·arly 
_demonstr,ated in basal . st ,em. app],.icat':i,pn:;; on sugar _ pine~ 0 :· . . _._. . . . . . . . .. · . . . . ·, . 

, • , . , i : : ' \ : ' • , ' : ' , • , .. " • • ' • . I • 

The following summary comments .on the .inter-regional test started 
__ in 1961 werE:l ,received from 0:, M. Harvey .of PNW Station. "I~ general, 
the 1964 results are no mor·e· encouraging _than lafit · year 1s _· l.'he p~_rcen-
tage of uncontrolled (Class 1) cankers remain s almo·st the same (71% this 
year .vs • . -72% .las _t year). There ha~r b(;)en some move!Jlent from classes 2, 
3, and ·4 into the Class 5 category . __ appare ntly · dead • . Class ·-5 had 
7% la,st year . vs. 16% _this year ~.1.1. . 11_Inconsistency of response to treat-
ment . remains .. the ·one most iconsist E).nt 1 factor in thi$ te~t. On a given 

> 
J 

'1 

,· 
-· !· ... 

1· ., -
l.. 

. . tr ·e.ei on~: ~.t tl:i.e antibio ti _cs can apparently cure a cankifr .. 4 or more feet 
abo-v·e the · ·treatment zone. On an adja cent tree, the same ant:i,bfot:i:c 
will have no visible effect whatsoever. A canker within the treatment 

... zone -. and pre~mmably tho .rou ghly wetted with the ~ntibiqt~c solution can . 

. be .--: - . producing .vigorous aec:i,a two years ·afte ·r tr ·~atm~iit." 11; . 
I r 

• ' •< • .. t \ • . ) ; < • :• A • > •• • ,• • , • : 

:( · . T:;ib1.~ 2- .outlines ··_the codes ··r ·have used for reicor ding .:e:~t:imates of 
tree da.niage and of . apparent ·effe9tiyeness of'. t .reatinent o. Region~ ,5 and 
6 and G. M. Harvey have ·used -the · sa me or ·strictly comparable codes. The 
main point to note here is that the higher the numeric al rating, the 
greater the damage to treated tre es and the greater the apparent fungi-
cidal effectiveness on blist er ru st infection. Mean values -- used in 
later tables -- are si mply arithmetic averages of readings in terms of 
these code numbers o I have commonly included heavily damaged tr ees --
code 4 tr ees -- with the dead, code 5 tr ees . Average treatment effective-
nes s below 114 00 11 is considered inadequate. Average tree damage above 
112.5" is considered excessiv e . 

I 
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Table 3 summarizes '1964 data · from 28 tests niade with Acti'-dione · 
·.. . (i95Q-J..962.) by W. V. Showalter oh the Klamath Forest. Each pair of 

. fi.gurei,s _.:.; percent of trees dead at inspection (left box), and corre-
spond:i.ng rn.ean treatment effectiveness (right bbx) -- represents a . 
single small test. All tree mortality of 2~ or more --tentatively ,con-

. sidered ,excessive -- and all more-or-less satisfactory means of treat-
ment-,effectivenf.:lss (4.0 or more) are ringed. The table · summarizes 
only the ei'feqtivenesir · of direct/ treatment. Indirect treatment ----
systemic eff activeness -- has been definitely less promising. 

Various inconsistencies .are apparent in the table. Obviously we 
are not often dealing with directly _comparable trees and conditions. 

. . 

Table · 4 ::ii.unrnarizes · data from ci series of tests with cycloheximide 
(Acti-dione BR Cone., 5 tests, · 60 trees) and phytoactin (Pabst L-341, 
4 tests, 38 trees) initiated in mid-August 1960 on Hatchet Mtn., 
Shasta County, Calif. This area, for undetermined reasons, seems to be 
especially favorable for chemical treatment of blister rust •. 

In both ~ets of data note that tree mortality increased annually, 
sometimes discouragingly, as · the tests aged. -·· The highest treatment ·. 
effectiv~ness attained, if cons .istent and predictable ', .might offer 
satisfactory control of blister rust in operations work, but tree . 
mortality was considerable ·and more recent tests indicate that· results 
ar .e .not corr.monly consistent a_nd predictable. 

Note ~specially the size ·able ·wax-and-wahe trends in mean t ·reat-
,ment effe _ctiveriess figures '. · ;., 

SUMMARY. In one word the · overall summary is .erratici ty. 

I believe in orderly cause-effect relations in natural phenomena 
- .so we have apparently overlooked some major variables in our 

tests. . Pe~haps we_ should say that we suspect there is a joker in the 
log deck. _·. · · 

Reasons · fof ' the unexplainEi'd greatet apparent ef f ectiveness of anti-
biotics applied to blister rust infection ori the Hatchet Mtn. ·area ' 

.... (1960) ~nd possibly on the Mill Creek area (Klamath Forest, 1959), are 
, large;I-y unknown but may simply have been due to a general heavy para-

sitism of blister rus~ by Tuberculfna maxima. 
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TABLE 1. PARTIAL LISTING .. of TESTS WITH ANT_IBIOTICS FOR CONTROL OF 
BLISTER RUST ON SUGAR PINE. 

series or Te.sts Cycloheximide .Phytoactin Controls 
:'\ •. : Tests : Trees . Tests .: Trees . Tests ~- Trees .. .. -

Early R$ & R5 _Forests J:4 128 --- -:-~ :-:· ....... 
. . 

Klamath N ~F.;. 1959-1962 6i 4"60 62 
•' 

. •' 

•... ,!.-":.. ,. 

12 17 ·72 

PSW-F&RES, 1-959-1962· 10 ·-· lJJ· Ji 355 6 8 

Regi-on 5 Pilot-Type -!l'est-s l . 190 · 2 102 -
Reg,ion 6 Pilet-Type-··Tests ·7 . 196 17- 394 

,. •·· 
Inter-Regional : Test •(PNW) 24· -- 240 -; 24 240 8 80 

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

Numerical 
Rating · . 

Code for Trel;\ted 
. Tree Damage. 

Code .for Chemical --
Treatment Eff"ectiveness 

. .. . · .... _ .. : __ 5. ________ .. D .- Tre~ •is : d~ad E - :Excellent 

G · ... Good ·· · 

. ~--.. 

-4~ ··. H ... Tree heavily · damaged 

M - Tree ciamage mo.dera te 

2 • .... L -:-. Tr~e damage lig~i:. 

1. · N - No· apparent damage · 

o. ··-· .. ----. 
0 - Not treated " 

o. 9 - Cap, not read· 

... 
__ ... 

.. ! . . . .. ..... . ... 
r 

~45.-

F - Fair 

P - Poor 

N - No apparent efrect 
. . . . . . - . ·. ···.-··· .,...__.. 

O - Not treated · · 

G - Not now readaQle 

< • - -··· · .. ----

. f' 
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TABLE J. 1964 RESULTS FROM 28 TESTS, ACTI-DIONE BR CONCENTRATE ON 
,_; . SUGAR PINE, . REC1IbN 5 FORESTS,. . . .·-. 

' ::·':··. :~· "<ct~2'· :.:: · Per cii'nf Treated : ... , .. .. ,. . •· .. Mean Effect iv eness Rat :ing 
for birect . Tr.eatments .. . .... Acfi.:: .. Trees bead at . Inspe .ction 

Dione, ·• ---- ----- ---,.- D_0 _ _,__-...,..----------'--
:PPM. SO&D PO"'~ so PO~ so SO&D I DO 

b 
60 

100 
12Q ·.· 
150 
200._. 
JOO 
400 
600 

o, 
5, 
5, 

10 
0. 

11 
8 
13 
0 

20 
0 -·'· 

. . · ......... ~---..... .:. .. . ~-; . . 

20 
.13 

25 

9,24 
15 

9, ·5 
0 

-- :~ 

.20 
6, 1 

27 ,,18 
25 

0 _ ..... __ 

35 

., .. 
3.0 3.2 4 .J 

3 .0, 3.9_ 5.0 .... 
3.0 ---

4 ~5 ,-2.~6 .-3.7 _,.. __ ---
3.7 ,1. 0 ---. -2.6 3·.5 : 

3.J 2.8,3.7 
J.S 4 .• 3,4 .o .· 4 .0,3 .6 '. 

1.0 4 -.1 

.,..Pear l Oil (kerosene), Stoveoil, Stoveoil plus acti -di one additive 11n11 

(=cyclohexanone), and Diesel Oil (autom otive fuel). 
:: , _jr. 

TABIE 4 •.. )\,NNUAL RESULTS FROM SOME. 1960 TESTS WITH ANTIBIOTICS, 
· , .. i·?,l,,IS.TER .RUST -ON SUGAR PINE, HATCHET MTN;, SHASTA CO., . 

CALIF. 

--- _. __ ·.,_.·•.;:.···~:....;:_ .. _____ , _____ ._:_·._: ---1 ·-__ ___. _____ : 
Year 

of 
Check 

Tree , Pc;1mage, ·· ·· Sprayed :· 
i 
l Unsprayed 

Bole Infection Bole Infection 

~=~g;. . : ! Percent · · ~~~~ct- · ·1 ·Per .cent . 
•, ~:-JTre.es 1} Dead -iyeness . . Excelle nt iveness 

Mean 
Eff ect -

ACTI-:DI~i-ffi .BR CONC_ENTJ;?ATft)IN STOVJ):OIL AND CYGLOHEXANONE2 ) 

· 1961 ·. ·2.1 . 22 3. 4 ,. 6 ·. 
1962 . 2. 8 4 2 4 .4 64 
1963 , ,' 2.-.8,., .. ·. . 45 4.8 . 75 
1964 . ' . 3 .1 ·. 52 3 .6 38 

PHYTOACTIN L-3413) IN ISOPROPANOL41 AND OIL 
· . . ;.,;_~,-., .. :1961:-~------··:1.· • .3•· · ·· ..... · s·~···-· .. --··· J"~o- a ·· 

1962 2.4 32 4.0 65 
1963 2.5 38 J.8 38 
1 64 2.6 41 3.4 50 

2 .5 . 
3.0 
2.9 
2.4 

2.8° 
4.6 
3.8 
2.5 

Percent 
Excellent: 

29 
29 
18 

11 
57 
67 
22 

- iv e t ests 200, 300, oo, 00, 00 ppm. ; 0 trees . 2 [our ml. Acti-Dione Additive 11D" per 100 ppm., per liter spray solution. 
~)~!<'our tests (200, 400, 400, 600 ppm.): 38 trees. 

Only a s part of furnished formulati on. 
) 
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-. . ANTIBIOTIC AND CHEMICAL TESTS FOR THE CONTROL . 
OF BLISTER RUST ON. EASTERN 1"1HITE PINE 

William R~ Phelps and Ray Weber 

The Lake States Fore~:t Experiment Station has , established 8 ,sep-
arate antibiotic and chemipal · tests since 1962 on approximately '3,000 
eastern white pine ranging . .-in age from 8 to 25 years. Treatments were 
applied basal;Ly to scarified arid 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 
dips _,~and slurries, and ground folial'. sprays • . : 

:: . ~The . a~_tibiotics used :most ext!:lnsively were cycloheximide (actidione), 
its ~~ic 9rbazone deriva .t~ve, and phytoactin. Approximately 50 different 
organic cl.iemica;ls and fungicides including chemical -. groups such as the 
phenolics, mercuries, dithiocarbamates, and growth regulator compounds 
are being tested to find an economical treatment for direc .t canker and 
.~carification tr~atments. 

Experimental Results 

Basal .Stem Applications . - Phytoactin in three formulations .'..(1341, 439, 
l.i4o), cycloheximide ., and . cycloheximide semicarb~zone · were bas::h1y applied 
to 812 plantation trees that .were 25 years old, averaging . JS feet tall 
and ,6, .inc}:les DBH. · Appl ic ations were made during June, August and .Octo-
ber qt several concentra ,tions and in No. 1 or ,No. 2 fuel oil. Approxi-
mately 1 quart of solution was applied to the bottom 6 f-eet · 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 are~. · 

After 3 growing seasons, cankers treated directly with cyclohexi-
mide in No. 2. f.uel oil · plus triton (300 ppm), • cycloheximide in No. 2 -
fuel oil without tr:Lt~n (200 ppm), phytoactin LJfl. in .No. { .fuei' oii" . 

. (200 ppm), and phytpactin .L440 in No. 2 fuel oil (2 00 ppm) had ·.lengthened 
. .. J:", 7 , ::5.2, . 5..2, and -6~1 inches, respectively • . . Those cankers treate ~f 

. w;i.th f~e1 .·oil p],us triton and those .with no treatment had .. lengthened 6.9 
· and 8.5 inches •. ·_, The ma.jority of the cankers in the various treatniehts 
were still active. 

- .. 
. , .· There also were differences between .. treatments in canker length · 

. inhibition and canker .activity scale in untreated stem cankers on treated 
trees. All cankers were still actively growing. 

Basal Stem Scarificat.ion .and ,Direct Canker Applications - Cycloheximide 
t290 ppm):and three formul ations of phytoactin (1140, 414; 415) were 
directly sprayed or painted on scarifiE;id ·and non-scarified cankers in 
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plantation trees" These trees were 9 years old, 12 f ,e_et high, and 3 
inches DBH. The _-materials .were applied . in :No. 2 fuel oi:l, lanolin 
paste, and slurry paste. · 

After two growing · sec!,sons; cy.cloheximide applied directly to 
scarified cankers, effectively reduced canker growth and activity. There 
was no increase in canker length with those cankers treated with cyclo-
_lleximide ._j,.n_;: lc!,_nolin and ionly ··a 0~5 inch increase in • those-·:·treated with 
cyc~ohexim,id~ -in fuel oil. Cankers treated with phyt~actii:i I1l40 (2'60 

,.,!)pm) in f'l;lel -oil . lengthened 1.1 inches, but ,canker activity rematnsd · 
higq.. This was compared to an increase of .4·05· inches in untreated ·con-

- tro:i.~;; :-, There was ~pparent : growth ·: differences in the · other trea£nieht~, 
also, but . canker activity -r~mained , high. -· , .. :_ · 

t . . : . -~- ' .;. ,; · . .. :. .. . .. .. . 
. Aerial .Applications - During June, cycloheximide semicarbazone and two 
formulations of phytoactin (1318 and 444) were applied by helicopter to 

,,., p.lant -a..tion : tree .s 25 _year ·s ol _d, 35 feet tall, and 5.-inches : DBH.· ·: Seven 
, ,4"."c1er_e. ;blocks · consi ·s-t·ing of SO test trees r, eaeh vtere treated :._· ':Th<,i :·. · 

~t~riais were applied in No. ·1 fuel oil ~as ,g-:20 percentt6il;..wa'ter >emul-
$'.ion 10.-,gallpns . p~r acre .• · · ·· _; · ·· .. 

: ... •. 

... After three growing seasons, no substantial differences · in can.k:e'r 
length increase were measured between treated and untreated trees. All 
cankers were normal and actively growing. · 

.... --··-·-··· . 

Complete Tree :Pl'~nc;ll,;i_s. - .-Three .,~.onnulations of phyto 9_c;1;,_in .(.I;,318, Jlf/ 346), 
: :cycloJ1eximide ·-semioarba .~.one::, :.a.nd<.streptimidone were applied ·-1oy-:·pressurized 
. ·:sp:r:-ayers d1,1ring August ,as - complete:. drenches to plantation tr¢es _ 8_.years 
·:01d·, JO feet _tal .l, and 2 inches DBH'.· ·,The. antibiotics -'ifure ·applied 1n 
. wat~r; ·. or _. 20 .. percent oil-water . emulsion at the average rate .-of'._ 1~5 gi'.iarts · 
o.f ~pr.9y,_ solution per tree. i:-. '·. -·· ' . '.- ' .. ·.· ' 

; . ' 
.: : ··_; \ • ,; ,·,··.' 

The, 4renches had little or . no · effect · in young ·trees 'after ·:r gr6wing 
seas ·o-ns. The cankers lengthened 2 to 2 .5 inches per year. · . All cankers 
were vigorous and actively growing. 

- ··,:·· ,· 
Cycioh~~i.t;ni~e, Bioassay - Plant~tion trl:les 25 years . old ·, 35 feet ·_-ta11, · an_d 
6 inches ,DBH ¥ere _basally treated ·with ·cycloheximide (300 ppm):.iri fui31 
oil during . June, August ·:and October. Selected trees were sampled ~t '·~nter-

·vals o'i'. increa .sing .l~_pgthj starting . at one -week and doubling· .eatp' -5,nte:r-
. . .val. _;'.$_amples · ;i.ncluded roots . .; upper and lower needles -, canker :·Iiiat~fi?i, 
· t?;ea:ted . and untreatei:j.;-phloem,, and tr-:eated and untreated xylem • . : ' · · .. i.:_•. 

I • ' • • • •· -, ",' " • ' , 

White pine 3-0 seedlings were root dipped or foliar sprayed with 
cyclo _heximid,e ,(SO ppm), in water. . Roots, :·stems and needl-e -s· ·of''Aeieqted 
seedlings wer,e , col1e ,cted from both treatments at varying lengths of •:·+;ime. 

. _ !. . - . . • I . .. ,I • ·, ., , · . ._ . .. ·;,• :• "";• ' · ... • ' , , ,-;· • 

Samples were bioa~sayed for · activity in the labo _:z:a_tory, us_i _n~ ~he. 
~tanq,ard _cycloneximide .. ·b_ioassay procedure. Result;:i :Jr. .oJ.ii;.1:a,:rg·e.:·•.1,~:e:s '.-::indi-
'diited.: 'that ·cycloheximjiae •·was rapicfly .. translocated, both'.'\ 1p'.'ahd dbwn/ ;_ 
thf .ob'g~~ut ) tfre ,j;re ':e }1t.hough highest c.oncentratfons were :··±f{ the tteaited 
out'er · oafk and in the xylem tissues (treated and untre ated)~ Absorption 

i 
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and t 'ra:ns ii-ication w'ere greatest during spring treatment ~nd' least dur-
ing fall treat ment. Detectable amounts were found · in the tr"e·es one -· 
year after treatment, Seedling bioassays showed rapid antibiotic 
abs·orpti6":n and movement froiil tile roots to the needles ~.'nd ·from ' the 
needles to the roots. Detectable amounts were still found in · the ·-\ieed -
ling tissues 64_ .clays af ter ~.reatment • 

:..• .... 

Summary - i ntibi otic and chemical tests to date :have given 6rili,' preilim-
inary result ·s; althou gh th e trend is obvious f dr aeirial sp:ray arid com-
plete drench tre atments . Effective control ·was obtained in certain · 
cases such as with sc ari~ied cankers _ . . · ,_This limited success promi~es 
effective chemical er adic ant s can be obtained through further testing 

. _9~ che~i~als _and:r!lethods of app li~a~ion. 

j__: 

THE ROLE OF ANTIBIOTICS JN CONTROL OF°~JHlTE . 
PINE BLISTER RUST IN THE NORTHERN REGION. .. 

Homer . J. Hartman: 
. ~:. : 

White pine blist~r rtist reprasents a biliion dollar :menace to 
the west er n white pine lumber econ omy of northern Id aho , western 
Montana, and east ern Washington • . This rust has thoroughiy .demonstrated 
its potential to 1bompletely destroy · western white/ limber, and white '-
bark pirle stands ·of :the ,Northe rn Region re gardless of stand age. · Some 
J O to 70 percent lethal infe ct ion is common in mo"st. stands. By the · 
year 2000, white pine blister rust will have kill-ad a lmost all unpro-
tected limber and white b~rk pipe st ands in this Re•gipn. . ' ... . . . 

. Western white pin e . is th e most valu ab le c!h£rapid growing tree 
specief in the Inland Empire. About 2 millioi:i ~cres of the · original 
3 million · ac"res of west-ern white pine type r ·e111"ain ·in the curr .ent blister 
rust control program. Some· 25 percent of the1:i"e pine stands are -St"ate 
and privately owned_. 

, Forty years of . re se arch, developmental work, and field observ at ions 
have ied to the foll bwing inte gr ated blister rust control practices and 
active developments: . . : .. . . 

l. Ribes erad ic atio n on are as selected for natural and artificial 
re gene r ation . 

: . 

2. Applic ation of . antifu ngal an t ibiotics to stands 10 to 100 years 
of age. 

3 .. · Silvicultural practices . 

i 
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4. D_eyeJopment of _: immunized western whit,e pi ne nurs~ry stoq.k 
through applica,tion of aritibioti _cs_; ·_ . · · , ... 

5. : ::ney~·iqpmerit _.o{ blister rust ·resistant planting ~t9ck '·thr9 .ug\i · 
.• . . .. 

.. .forest gel'!~ticp. 

Antibiotic testing was started in 1949. Basal stem treatment ·with 
-Ac.ti -di o~ . BR was applied ope r at _ion.ally in).958. Antibiot:i.c foliar . . 
(ae~ia3,.j ~~9ts were .first ·establ~s~ed .ip. .1959 and were applied 9,n ~ciif;\ 
oper~tiopal basi~ . in 1961. .'.: · ·· · 

. :: ·, . 

1. Basal stem with canker ···-~-~arification--Acti-dione BR, l,5Crp.p.m. 
in stove oil with Triton B-1956 added. 

2. Aerial spraying -- Phytoactin L--318, 7.5 grams per acre in 20 
percent stove oil plus water emul sion with Multi-film L added is applied 
at the rate of 7 or 10 gallons per acre. This _ solution i s formulated 
with soft water and p~ is adjusted to 4-~5 to _· 5~0 • . 

There is no margin for error i~ -the succe ssful application of anti-
biotics for the control of white pine blister ru st. For fully effec-
tive results, the required final spray solution must be corre ctly for-
mulated ang .properly appli-ed under e~acting concl.itions -. 

. The basai • stein .. metho~i~ f tre 'at~erit must be conducteci during ·the 
sumrner months and .applied on,J.,y wheri tree bol es are dry. This method 
of treatment is generalli limited to st .ands 10 to .30 years ·o:r age. 
All bole infection that can be reached from the ground ~µst . be: · 
thoro _ughly scari.fied. · · · ., · . . 

Foliar application of Phytoactin 1-318 is applied by h·elicopt~r -· 
during May: and Jun e and Septembe r to mid:-0ctober •. The bes .t working 
temperature . appears t o be between 40 .and 68° F~ ·with winds under 5 miles 

__ pe_~ hour, . _plus moderately high rel.at ive -humidity. St ap.d~· t reated 
shou~d ,be l>etwe.e,n 20 . and 100 year~i': of age. . 

.' ·.: j_· .• :_ . 

• ' . ~. ; . r·: • 

Stand acreag e treated to date with antibiotics: 

:~.: Bas..il .stem 
, Aerfal treatm ent 

Total 

J..4Q,_OOO 
290,'0Q0 
430,000 

J,;, • 

Average direct · per acre -~ost of antibiotic treatmerit is; . . .. 

Basal . r;,tem 
Aerial 

$30 
$11 

. . ,. 
: .. 

. .. ·. ·~-

There is a wide variation i n ant ib ~otic con~ro l results. The pe r-
centage of vigorous infections killed · or •:i..nact iv ated by basa l stem 

) 

,. 
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treatment with antibiotics on an operational basis varies from 39 pe~~ 
cent for the 1959 and prior ~iorK to S6~-percent for 1961 work. · Current 
observations indicate that 75 to 9"tl·percerit of treated infections are 
killed :when infection margins are ' ifoarified in conjunct;Lon w:i,th: _basal 
stem applications. · · · 

Evaluations of 1962 cJnd prior aerial spraying results show that 
JO to 4.5 p~rceht of the v:;i.gorous .ca11kers ha~e . since beqome ina?tive. 

Oompara.tive inform ·ation t~keli f~ _Cl!Tl-.tintr~ate 'd area~ ·on .the :same-: 
basis as for hand and ··aeriai treatm ~rits shows . thqt J percent ·of the <. 
vigorous infections have become inactive. · · ·· 

· Preliminary •indications are that recent advancements ·made .in anti-
biotic · formulations :and/or application techniques have resulteq. , in .an 
increase in infection kill~ · · 

To ·fully Eivaluate basal stem treatment :results, 3 years of e;l.apsed 
time _are . r _eqiiir •ed while 5 yefir .s are · required for a~rial treatme .nt ., 

_.• •••;. • 'N~::.,•:•. : • : • •• r• -~ ,', .. , : • • • • • 

Estimated number' of antibiotic treatment 's r~quired to 'biing 
various - stand age classes through to commercial matur ity: 

Age class 

10,-20 
21.,,;/.jQ · 

· 4·1-80 ·. 
81-100 

No.· of treatments 

4 
J. 
. 2 . 
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 antibioti'cs. While _ it is now evident t _hat 
antibiotics remain act;ive in treated _pin_es for an ti.nknown ·period ., the · 
antibiotic persi~tence level reguired to prev:ent nevi_ rust infept~ozi has 
not · been determined. ·· 

( ·. ... . . 

No harmful side effects to f.ish, _ wildlife, or beneficial ".fungi 
have · been a·ssociated with t}:le _larg~'"'.scale ,field app_licatio _n of anti-

. biotics. 
_t . : _·~ - . ·.: 

In 1963 and 1964 ·all western white pine nursery seedlings were 
foliar treated with Phytoactin 1-318 prior to outplanting in an attempt 
to immunize planting stock against ru8t infection for a 5- to lO~y~ar 
period. At this .tune no specific guarantee can be made regarding : im-
mediat.e or long--,:range immunization. Current test results aP,pear very 
promis ihg. 

'Effective antibi otic formulations and/or ~ppiication techniques . still 
have not been fully developed for killing blister rust inf~ctions on 

i 
r 
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l:i.mbef or whitebark pines. Absorption and transloca.~ion of antibiotics 
· appear to '· be the main. probleins/ Several new·. f9rmulatfori test ·picl't,i ·are 
:'··being "; estab _lished each y"ear;. Presently, foliar a:pp~:icatiohs appe~r \he 

m?s~· pro.f/lising ~i.·; . . ' .. : : . : .. : . ' ·. . . . .. . . :it . . . . . . . 
. . .. ~-

The immediate regional objective is to treat with ·anti"bibtic:{ 'ail 
immature western white pine ~t~nds between 10 apd 190 years of age. The 
problem · of prbteritirig : stands under 10 years . of · age ' amt C>V"~r· too yea!'.s 
of'age ',thi'ough antibiotics ·remains ·to · be solved. The ultimate 'regional 
objective is to perform ali blister rust co~trol through .aer~al . and 
hand appl:i.catio!i · ?f' antibiotics. _~-.· . . , : . . .: . ,

1 
.'.-' . 

It is planned that througl;l for est genetics work, ' ' biist~r "f-usl 
resistant western whit~ pine planting stock will .be .avaii~ble in large 

·:quantities . by : 1980'~ana 1985 · · · --· · . · .·. · · · ··. .. · _·.•. ·.: - ··: . .. , 
. .• • .• ,.· . . -. ,. . , . •. . : • ' •:: . ··•t _. • : \ • . . -~-1 . ' .. -. 

Problems in the successful formulations and ·appliciltiJn of antibiotics 
cl osely parallel those of h~rbicides. There is a great potential for 
ii:mprovementif-:in arrtibiotic .· forinuiations and/or a'pplicat'ion techniques. 
Much ·resJarch and· developmental · ~iork remains 'to · be ·dorie. . . . . · ·· 

' .... _'_i~-·• . 

. -· .. -. ,' : ' . ... .:· •' . . . -·. ---··- . -··- . --- - . .. ·. .. 
"ANTIBIOTICS ON "WESTERN WHITE PINE 

IN PACJFIC NORTHWEST REGION, .·u·:s -:F .s . 
. - .: . 

Donald P. Graham 
. ,.._ -~· -

, , -Magriitud~( : · · ··· · t: 
. :-. .. ,: . ' .. ,·, . \, .. 

.~ .··· .. i 

. . ·· -:Ar-imiaTly;· s~arting iri ' l95"9, _:we)ifve . had .. ,; - rilodest. a"iitibiot"i.'ts -p~;-_ 
· ·g.ranL·. · The' oojective of·this 'program has been to treat selecte ,d ·saplipg 

and pole _st.arids·'both w~th~n arid_ out -~ide inari.a~eme.z:i~ unit _s .. in ·.an attem~:t 
t :o bring :the 'potJeritial weistern white pine crop trees · :through to 'merchjmt-
ability. . . , " . 

. "A -sumiliary- bi: t _he mag~itude df : antib i otics _ worf'pn lan .ds ~dfn:lni,st.eied 
by ·the Forest Service and Bureau 6£ 19.nd Mahag·emeri.t is tabulated .below. 
All work is included except some in special use areas and in special : 
test plots •. , . . ., _. 

·:-· Agency· 

Gtound'--:a pplica tion: 
··~ · Forest Service · · 

Bureau o! Land Management 
Aerial application: 

, · · Forest Servic ·e _. . . · 
·t · r 

,. 

I 
I' 
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Accµmulative _ Work . 
Acres . Trees 

· - -=--:-Number - -_ .-· 
4 i5If 4 86 /995 ..... 

395 . 33,648" 

· 3,484 
. 8:,037 

1;0;1.";575 
921,315 

I? 

I I 
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In addition to antibiotics work on Forest Service and Bur.e.a·ti·-·of 
I.and Management holdings, some application of antibiotic .s ha s been tried 
in Mt. Rainier .National ·,park, Olympic National Park, ' ahd ·on l ands ad-
m;inistered .by the Washington -·state Department of Na'tural 'Resqur,ces ~:· 

· :.;. Re:sult .s · · 

Current results of antibiotic effectiveness on growth and vigor of 
selected . sample ca·nk13rs on treated western whfte pine poles aI'e pres ·ented 
i .n tables 1 and 2. In cluded are evaluations from sample tre es th a t have 
passed through at le astc ·two full ' growing _sea ·son s since ii'eatment • . 'Ant i-
biotic · .. formulations and · treatment niethocis developed else'~here in the . West 
were used. 

,, , ·Table 1.--Current results on a:ntibiotic effectiveness from' ·aerfal appli-
cation of Phytdact _in 1-318 to western white pine poles~ 

Tre.atment 
date; acres 

' . , ' ~-
Fa 11 161; 658 acres 

... :. Fall 161; 104 acres 

Sprin g 162; 143 acres 

Control 

f· ·. 
Antibiotic 

-effectiveness 1 ) 

June · •6f- 30% 
July 164 - 38% 

: -. ,..:! July 163 14% 
· ··July 164 13% 

June 163 35% 
July 164 - 28% 
June 163 - 3% 

Basis 
number of cankers/ 

.. ·number o"f trees 

96/51 
96/51 . 

·_58/2'9 
56/28 
40/jci 
40/30- ' · 

.. 30/23 

. 1Perc .ent of total cankers evaluat-ed that had definite reduc ed vigor 
with no-,ourren1;, season sporulation ::·•and no . or ohly a' trace of act'i-ver' · 

. ,growipg ·margin ; ' .. "\ 

Table 2 .--Current results on antibibtic effectiveness '·from basal stem 
· ,_., ·. application of Act~•-dione BR to western white)>ine _poles :: .. 

T~a .tment .; 
<lat~; · acres :' :. 

- ·· 
Sprin g 1.59; 320 acres 

Summe.r .16.0; _160 acres 

F~ll: 160; 73 acres . 

Spr;ing 161;· 2.50.acres 

Control 

: ! 

Antibiotic . 
effectiveness 1 ) 

June 163 - 34% 
Sept. 164 - 19% 
June 163 - 7% 

'.July 164 - 50% 
June 163 - 11% 
July -t64 - 3.5%. 

. :·June ·.163 ;...: 11%· 
July 164 - 3.5% 
June 163 - 12% 

Basis 
riumber :·of cank~rs /' . 
· number ·of trees · 

32/2.5·: 
32/25 

'. -4:J;/24 
1:i:0/23 
18/15 
18/15 .. 

. 37/25 . 

. 37/2.5 
24/20 

......... · 4>er ·cent of total canke r ~ eva ~uated that had defin it~ · ~~-d~~ed· vigor 
with no current seas on sporulatiop and no or only a trace of active 
growing margin. 
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Remarks 
. . . . . . . :, , . . . . ' .. ·' . . ·• .. -

__ . _.l. Reaction of antibio _tfc:f .ori. treated cankers is extremely diffi_. 
cult to appra;i..se· bec~use of :Uie ''inability of :·the . examiner' 'by visual ·.:· 
inspe .ctiori, to accurately a"nci ccmsistcntly react· and evaluate signs ~nd ' 
symptoms of canker condition and because of the variation in appearance 
of a mature canker from year to year. ···· ,: .. 

. . 2 Accur~t -~ inierpt ~\~rt~~~ -of results is furt~e;r: _: coml?°licate4._ .r . 
, b~cause of the " variation _'in ·,c;s))i(;rition of 11co_ntrol 11 ·can)<ers from· yeart 
fo: year and . beca~~-~- we hayf "~.o p9sitive .criteria to . ra _te each canker 
before treatment for compfarison wi~h canker condition at periodic 
intervals after treatment: · '"·· · 

. .- 3. We have . been unable to determi _ne with consistency when decline 
·of canker ; vigor ,. ;J..s ·p,ause1 by masking of dj.'sease signs and ·s·ymptomi. · by 
the aritioiotic ·and carrier; o!' when decline 'is the result of · a natural 
or chemi.fa;J.. healing effect on the canker. 

' . '.4:/ Tq flll'th~r complicat'e acciiate readings, 
purple -mold · fungus, Tuberctilina maxima, on from 5 
33 percent of our sample cankers • . 

we find presence of the 
percent to as -high as 

. ··= -· :· .. .. 

5~ We have no positive evidence that either of the antibi_o:tiics .. used 
in basal stem application are ' transloca,ted in sufficient quantrit:i'.es t.:C, 
adversely- affect cankers on the stem · or.· branches above t _he treE;\tment 
zone. . ! • . 

6~ Ability of the antibiotics tried, in the manner that th~y have 
·:--·treen used:, --··to appreciably -·a-rrest ·-canker growth, vigor, and sporulation 

.. has been demonstrated. At -least this is true on most lethal cankers 
directly treated or . mos{ . pf ;ihe l ethal :cank ·ef·s on a large pe.rcentage _ . of 
the trees aerial treated~ The · length ci'f time that t'f1is arrestment may 
last is unknown. · · · · 

. , . 7 • . A_bility o_f the a,ntibiot:i,Gs used--formulations and :methods . o.f 
applicat':fori tried.;.~ _t,_o kili :·a:i.i ,t~tJ~a_l cankers on a_:'1arge :i:J'~i:'centage -'of 
the ' treated trees has ' riot been ·demori~tr afed . · · ' : ' 1

· .. 

8. An ·oc;casional individual canker has apparently been _pe_rmanently 
killed ::c\~-:~ r :eP.ult \ff antibiotic t~eatment :.:. This evidence is based on 
compl-ete ·callousih -g 'a-round entire ·canker -m:a:rgin with no posJ:t .ii.tEi~'.evidence 
of canker ac~ivity outside the calloused _~rea. ., . 

. \\: .. · . . 

9, Alth9Ugh a continuing prograI11..bf _canker r eadin g is ne~ded 
before any f-inal conclusions can be reached, we stil l do·'not have .-proof 
that a suff ici~nt number of lethal cankers are being killed or c~~er 
growth arrei,:p~~ for a lon g enough period to achieve a degree o·f. control 
considered -~n~cessary on western _ white pine saplings and pole;, ;i..n the 
Pacific Nortfi"'1¢st Region. · · · · · 

I• ·. '""" .· -~.-
. , •., .. 
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SOME VIEWS ON 13':I:OIDGICAL ASSAYS OF ANTIBIOTICS· 
USED AGAINST FOREST PATHOGENS 

S. O. Graham 
. :-· 

. The aim of this ' presentation is to assess 'some interrelationships 
_of a _set of rel ated ideas pertaining to biological assays~ The pro-· 
qedures used ;i.n laborator-y assays on the · contr ~1 of p lant ·pathogens in 

. the · field are often based on vague ·or eas1ly ' misinterpreted criteria~ 
A.ritibiotiG . E;lffectiveness _in the field, · as measured by laboratory tech-
n.iq~es,':po,ses problems on what should ·be :j.nterpreted as val'id quanti.:. 
tatfve data. · · · · 

The generalizations I wi ll make are intended as a help in the 
.ass;i.mila tion cf principles, and it is hoped these opinions will · meet the 
searching .criticism of new factua l information collected in the future. 
It is realized that modifications will be needed:; al though ·-the ·cur're ·nt 
coriim~nts db 'iio:t ·rept'esent m_ere casual .judgments. •:' They are .:presented as 
.f,lie, ne~re ·s·t , approx_imatio:n to · tQe truth which present knowledge _ permits. 

-We are 'pioneering in · a. :new area to Plant Pathology, let · alone to · For -
estry. We are in effect demonstrating the first · true · application of.-

. 9hemo.:therapy against fungi in perennials by the use of antibiotics~ 
·.:· : - . . :·. \ ·· . 

At3 with any branch of the biological sciences, s·tudies on anti-
biotic · .control . of for ·est diseases stems from a sequence of · event ·s that 

. deyelop-ed ·from chance discovery , of .isolated "and unforeseen ·re~i::tibns-. 
·J . : Subsequent recognition of control commonly results from the bringing __ 

together of a group . of heterogeneous and :isolated cases which suggest 
a _common underlying res _ponse. Each similar case is se·en to be ~n · · . 

_ ~~ample for . b;c. against the new · _disc6very . i"ri action, The investigators 
.who later make correlations of the dai;a that resolve ·:the discovery; '· to 

. decide whether it is soµnd ·and ·usa .ble, : are able to do so ustially 'because I 

.they employ radically new ideas; or ideas -which have been :formulated in 
an allied branch of science which can .be applied to · tfreir owri hetero-

. 'geneous chance findings in their own field. so· far; · antibio tic u~ag'e 
against pla ·nt pathogens has been based or;i. ,.effective medicar -~nd clinical 
remedies for animals, modified t ·o ·rit p'lant pathological prac'tices, 

.using ~edical and clinical criteria and measurement devices to evaluate 
the antibiotic. ·· ·: · -

-, 
I 

,· 
I • 

• ' 
! " / -·· 

( 

, r 
· .. +his poi;,es P-"Bas:i _c question, 11Can one .equate the and 

t:rarislocation. o'f_ 'an: ~ntibiotic in the circulatory system of animals :with t 
:th~t : -j,n piants ?1i ' . ,O'ovioiisly, tp,e answer is no. Grounds for niisinterpre-

.·t,a ti'on are appa_re11t· at once, because an immeq.iat e series of ·questidns 
becomes automatic ·. 11 Is the antibiotic systemic · in plants; · and what do 
we mean by systemic ?11 "Can one use the same measurement criteria in 
different biological disciplines?" 11Can one use equivalent measuring 
device ·s .'anc{ ~':i_pec t s'imilar r·esults among disciplines ?11 11Can we correlate 
field appii'cations under those . attendant environments J which ar e normal 
diversities · of the forest, with bi ologic a l and chemical ass ays :in the .un-

I 
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-
natural laboratory environm'imts?IJ . . '.l;'pe answers to each question are both 
yes and no : So long as we' adheie to · valid criteria to measure a phe- · 
nomenon that has been cr ·eated by a known 'vehicle, the answer is yes. 
As soon as criteria are modif:i,ed. to the point where principle ·s are 
supe rs ede d or ignored as an expedi ent, the answer is no. 

. Un.expe .c_ted and unexplained findings ar .e recorded and are the con-
stituents . of. c{i.scovery • However, they . do not constitute disc .overy when 

.. these findings are forgott.en~ Hence, we rimst pursue unexpect~cl obser-
.. vations to find the -ultimate truth. Only when di s coveriEi S ar .~~ measured 

-~ do t.l:1ey become usable and effective knowledge~ A nµmber 'of exp;I.Qfations . 
··. must ·:·be made t9 c;lefine pararrieters. From .these data :, corre;I.ations · ·may 

. then be inade to prove that the cir:j.ginal principle remains vaB.:a: :lP dis -
tantly related applications . · · · · · 

.. •. . We' a~e -~urrently' in · the unenvi~ ble position o'f:: ejplofing : the eff i-
cacies · -~f . antib .iotics Jn the control of forest pathogens, not knowing 
necessarily what is being measured. We c:lo riot as yet have our biological 

. ·:or .' biochemical parameters established so that necessary criteria are ' 
... . ,. 'available . in .an unat:testa,ble state for interpreting t,he br.oad pfot-µre 
.. ·: on antibiotics as control agents against obligate pat,hogeri.s. suc.h 'as the 

. blister rust orga,hisiri. . . . . . . . . . . 

It ha~ been iirlpli~d but not d~inonstrated that folia; applicatfons 
of antibiotics results . in a systemic . distribution of a material as 
~ucl:l. :):n the no,rlnal . sense of the :terrri, systemic distribution implies ··a translocatio11 : of ·the substa_nce per se · .th.rough host tisfues ,' in sorri~ 

. 'disq:ret!3 _forni • . ':A riew and .unmeasured J.ntefpretaiion: can no,ri . _b~made that 
.. _,____,.,,. , • , . . •, . . , .. . ·-· - . .. . .. . . . . . . 

an agent . c~n ~xert a . systemic effect from a dif.ltance by indl.lcin:g a modi-
fication oi host ·metabolism .. .. Proteinaceous ·materials s.uch as his.tones 
ha~e . bee.n· sh~wn to . alter the regulatory Pfl..:ture ·of the host-cell '.nucle-
olus which control.s 'th,e functions of the .r1ucletis .:i.p its coding of ines-
_senge:r' .RNA; . Thi.ii mechapism defines subs~quent histone configurations. 
Such a :deinonstra\;Li;m offers a "feasiblE3 ni~ans to interpret a loss in . 
·c:0111patibility betw~en . . the obiigate parasite ansJ. its host. Regardless 
of ~he. mode of act'ion~ the antibiot,ic mt1st··be demonstrated as c~pa,ble 
of transacting the · cElllwall barrier as ,'a discrete entity. / Tli:i~s- is : yet 
to pr9ven f9;r .:~:~r,~ail'.l antibiotics, . . . . . .• ,, , . ·. . . . __ , . . •. : . ' . : . 

Aside ; from thik ~bs'taf1e ·, ther~ are many obstacles in labd:ratory " 
assay theory which interfere with defined working parameters, let aione 
the . eirection . of functional p?,rameter;:, for any specific: ant .ipiotic. The 
bio'assay' is gf . ·immediate coi:}cern, because we can standard;ize : pr.oc~µures 
an\:i. gather rea_l)ls_o;f.'· supporting dat a ; and yet, find Wf;l. a;rif m~·asuring the 
wr:dpg "thing. . 'Tri~re are . ce'rta .in inconsistencies that . develop . when 'a tech-
ri:i'.q\ie ·ts. adaptE3.cl'as an interdispipl;i:nary topl and mod;ified to fi .t the · · .. need._ · · · · 

Wha~. t,n.e_ bi ,o_assay . as .employed, and why is it used :i.ri th.e way 
,., it is? It : is s\ib"ifot to criticism and cann ot be a final criterion "on 

·.:i , :wtiich to : 1si 1e 'ani~b~_bttc · efficac _i ~t on rusts without reservat:i, ons , 
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i.e., until the reaction of the "par~site h~s1'cieen ,\~cirre;Ls1ted "to tlie '/ 
reac _tion .of the a;:,~~y t,e1:>t organisill . . As. employed.· it _is ·a .measure ·' of · 

. · antibiotic distri't>utioµ, not _nedessarily a ·rne:asure of an(i.biotic 
efficacy on spec.ific pathogens~ . . - .. .: . . 

. . ' ··'. 

In p:rindple, a . true ant,,ibiotic is. cap~ble of doing. one of two 
things , lt will kill or it will arrest v±tc1l activities. To other 
words, -i~ a fungus .. spore or mycel;i.~l elemenf de~d~ or is it put into ' 
a t~mporary state .of suspended .metabolism? Because a spore fails to 

__ germinate ,.µnder test conditions doesn't mean that it ' ii;, dead. : . Fungi-
stasis ·.ys ,· .Fungicidal I)lust be r ·esolved for every antibiotic · ~,e.sf~d-_ c;m 

· evEclry organism _against which _it is applied "in order to : fix , p9f?.I!leters. 
Obviously, we use . the assay a'ii .we do bscause we have no better _to ·o1 
at p:tes ·ent .·· But we must not J,.ose ~ight, of the fact that it is a stqp-
gap tool .. _in our urgency to buy time by_. any means in our fight against 
insidious diseases such as rusts' •, . . 

_, . There _ is an elusive s:Lqe: asP,ect to . be, considered. _Can tr1;Jatments 
. . create .j p,~_rsistent vegetative state whicl;l p.efies inspection beCc\11~t we 

measure .act,;i.,vity in terms of an environmentally induced sporulativ .e . 
state? :we ,look -for absence of aecia ···and pycnia and/or _ ba.:r;k. sypiptom:f 
in Blister Rust Control as evidence of - lost vital activity . of ··the 
pathogen •.... Is th ,e fungus· really dead or merely arrested? Does the 
antibiotic forest£!11 aecial production? Suen: a dilemma we can defer, 
because it dwells on the principle of practical control by ·reducing · 

,_:pa.rp;sitism and pa_thogenesis . . · But where . we can Eirect false . vaJ;µes lies 
in modify:i.:ng clinical measurement . criteria to fitiour curl'Elnt,airns to 
me~rnure efficacy of ~ontrol against obligate parasites. . . ' .. . 

. . 

.____,. . . For exa~ple, Cronartium is an obligate parasite. It, has been iln-
-possible to div.orce it from its host. To· breach this _ ·gap, clinical ·. 
proq.edures liave beeri ' modified andwe . are , atthe threshhol9- of accept;ing 
mocl.ified s:tandard clinical criteria t'o measure antibio,t;i.c ~fficacy' ,on the ' 
_pas,i _~ of assumptions • .. In sport~ : we are prone to accept the philosophy ,I 'j-
that broad spectr~ . ant _ibiotics · induce a . given speciffo effect. · \

1 
, 

I , . 

. .. . · J;f. ol)e . conc_lµd.~s that _.an ~ntibi _o~ic is effect:i,fe t,o a~y d~gree against: }: . 
Cronartiurn the amount applied is so m=41ute that he is _ forced to empJoy . . -

. a.~ assay org~ni.sm tha.t caz:i _be gro:"'.n in culture to meas1,i;r~ the dis :t:f.ibu- I f 

·.t,ion pattern .q;f th~ material. He mus,tc be :extremely cautious at this l,r 
point, however) , in using it to define · 'the Elfficacy of the 'same mat-~rial 
against Cronprt:i.:1:1m. · .•.. · · 

.r 
. It ._is standard procedure in any assay ,~rogram to select the most , ', 
:"1..ypersensitiv ~- test organism to. \he ~n tibiotic that one can obtain .. The 
qssumption \s that .a . standard curve of sensitivity · to the antibiotic can 
be construct.ed for an assay organism -which . . can be adapted to approximate 
the -c.ontrolling dosage for the rust. . On the . surface this seems plausible 
because it works well in animal pathology. '.B_ut to extract the ,,,trutn, the 

i invest iga to; · m~~t a.sk ·several ·questions. ''Does the antibiotic ait .e.riuate 
• • • • • • ' • • • I • 
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-
or _kill both organisms in the same way? 11 11Compared with lethal effects 
o.p· the test organism, is it direct ' -t dxicity :·tcr the · rust) :or instead is 
it a qost' :in.qompat:lbility re ·lat.-ionship? 11 • The ' env.irorimental complex in 
the forest" varies from bne site t,6 ' another .:,· 'froni one day . to another, 'and 
from one . season to the next. The physiologic diversities attendant to 
host _m~~abolism and .antibiotic efftcacy against two distantly related 
org~i'.liSi'tis::emphasizes · the _ magnitude of error that niay be introduced in 
intef. pr _eiting • field · data and antibfotic application ~ - It is - easy to · ' 
rat ·ionalize that an · antiqiotic _ nj.ay cause ·a -physiologic breach · such that 
the _ host-specific pathogen faifl13 -to obtain -or to use the requisite 
m~tab9lit"e ·s _!urnished by the ·host, just as it is easy to · -a-ccept a com-
mon ef.fe ·ct ' -~'f _an •-~ntibfotic apd •ignore · the faot that · one is dealing '·· 

. with ·speciet/ divers ·e in their · morphologies · and physiologies; tequil'ing 
equally : dive:tse' ~ fi!nyfronmei;ital '·cond itions in order to gr.ow~ ; One- must . 
int erpret the riie·anfug · of the ne·bulous term "broad spectrum antibiotic 11 

to mean that a given antibiotic affects a large ar ·ray of species, not 
how it affects them. · · · 

Any discrepancies in results introduced from ·-'using modified bac-
tei•iological technique 's 1'itted to forest pathology -and · wlfich are inter-
preted · 'in terms of medic'al ' measurement criteria are · of' su:ch great im;.. 
portanci; bec ause they also ·-reflect numerous variables "indu.genous to ; 
the as 'say prbcedure in tte laboratory it ·self. The possible errors ·_ 
associated with measur:i.ri1:( antibi ot ic · efficacies · between -laboratories · 
·is gigantic µnless explicit details are a.dhered to. · ' 

,Some· bas'id -variables of utmost ·importance inc ·lude assay '.conditions, 
the test organism, preparati~n of 'samp·le extractions, purity .. and 
nature of the antibiotic, and co'ntaminati11g _j /;n:t_i-met,abolites in the •"' 
~imlple to name the obvious. In the bioassay the diameter of the ffone 

·· ·of inhibition of ·_t)1e ·te ·s't organism is :th~. _@)Jt-:G.:d .. terion on which con-
.centrc;1tion of the '1nt 'ibiotic in ·the ·sample ·: i"s based. - All of the . men:.. 

·_. - ·tion ·ed variable~ arid many more iinpart :' a d'i-re;-ct effect on: .-the diameter 
cjf this inhibitidrr 'z6ne,- and are · kridvi'riJ·fo · vary between: laboratories -

··testing a _ giver( 'a-iitibiotfo · owing to-unf ·orturiate ·differe -rtc·es in int-er --
pretation of pro-cedures, ·source ·ir·O'f·mate-rials, etc. · · ·1 !:.-· 

As an eJqllllpt~ of · c6nditioris -· affecting the assay:, I · can point out 
:::-_:some of them ·that affect ·the test · organism :with which I have :been: ::wo'rk-
-- ' ii:\g i ColletotricliUlll glbeosporoides -After : Seeding the test · organism to 

. the 'plates, if the -plates are chilled bef.ore · application of assay discs, 
,· · the zones of inhibition are smaller ' -than if they are held at room ... tEl_m-

perature until attended. This is a variable in diffll?_i~n :. ·?'.nd · creates 
error . in assays depending on whether check plates are attended first or 
last after pouring and allowed to · decline - in temperature toward the 
~mb:i.ent laboratory level. If the assay dis -cs a:re applied to .the ,se,.eded 

'plates the same afternoon they are poured and ' incubated irnmediateJ.y ., 
' ·:.' 'thE3 zones · of inhibition are smaller than if -the plates •are-. held: , ,at -. 

· ·:'· · .. l'ow temperatur .es overnight before raising the temperature ~to: ·the iti-cu-
, • 0• bat,ion ieveL Another example · of the diffusion variable ·. .How .lo-nf we 

i ·;,,i:.1;nt'~'rp·r-et ·o~erni ght is expres ·sed -in assays -in which su-rfactants -and the 

; 
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type e·inpioyed are us <3d. Still a nether . example of th e diffusion variable 
associa _ted with the particular solubility of a giv en antibiotic. · 

The· practice 'in most l~boratories is to prepare media ahe?d of 
time, usualiy a week's suppl y at one tiJne or more. Media stored for 
two week .periods · have been shown to affect the growth :and sporulation 
of C. gloeosporoides very strongly. If a prepared medium is sto _red : 
til'lder'· incident •north light in the labo .ratory prior to seeding; there is 
a tremendous effect on t he · test organism and its · ability to ·sporula t~. 
Isolates or pedigreed c. ·gloeo sporoidep wh:i.ch have gorie aberrant .in .:cul-
ture h·ave -a11 be'en indtlced to sporulate profusely, merely by · cul tu.ring 
them on media stored under in cident · north J..ight prior tq in66~l a tiop 
of plates · .. . Less pron ounce d but sim ilar response .s can be i1)duceid_ by . 
iric orporat,'in g catalase br the ·vit amin med:i.ator inositol . ·in the medium. 
Varfabitity ·in · the test organism poses problems in the · assay ·at ., 
extremely Tow' lev els . At low . levels the concentration of sp9_res is . . 
a_ factor ··· arid: of ten depends on th ·e nature : of th~ --fi:mgus us_ed i'p the · . 
assay ~ . ·Ma.ny laboratories have failed to equate , the number of _spores · 
in suspe _ns'.:ibh when prep aring seed .. media, ·_Jf . v~ry; high ratios JJf. spores 
td niedimn ·are ·used, ·'adsorp tion may be come a , factor, dependin g ori the 
fungus employed~ As a n example; · .two te.s .t organisms ar.e o,ften 'us~d _to 
assess phytoactin concentrations, Ceratocy :stis f agac ·earum and· Qollet6-
trichum gloeosporoides. The ascus of the Ceratocystis organism is · 

--:.· coated · with a •peetinaceous :mater ial. Old ·_cultures harv ested for high 
i,il;l1ds of . -~,'pores rele as e .large amounts of pectic mater:ials that ·are 
iri9orporated in the seed .medium. It .has been demonst:i:'at!:ld that .. phyto-
actin .is ·adsorbed to pectic material s • . Hence; culture age impos·es a 
variable ~ With c. gloeosporoides zones of inhibition .have been shown 
to be Tess if excessive numbers of spores are Used in the see ·d medium. 
It has not been tested as ye-t.; but · adsorption of phyto?~tj,11 to the 
chitinous spore wall has been suggested. · · · · · ' .·:•·. 

Diameter ' of the inhibition zone is ::d,irectly affected by the type , ti 
and density - of the assay disc ,employed. , The greater the ratio of cellu- 1 ./ 

lose to the antibiotic phytoactin, the _narrower the . ·zone of .. inhibiti on •, ( 
exhibited. This is a similar adsorption variable, perhaps unique ·fo ( , 
the polypeptide nature of the phytoactin molecule. £: 

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

In the case of phytoactin ext ract io n from pine tissues, the ef-
ficiency is in creased severalfold by the manner of samp'ie preparation. 
If samp les are ly ophilized to extract water nearly to th e bound state, 
a gr eat deal more activ i ty is reclaimed than when fresh samples are 
dehydrated and extracted with lyophilic s·olvents such as methan ol. 
Even minute amount s of free moistur e present in samples appear to r educe 
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'-~~ra.C:~on -efficlen.9y • . Ob:vi ousiy , hum~ v:ers.us arid labora,tory condi-
tions in themse+ns . pose ·an ext ractici ii vci.'r-iabl.e. . ,,. L<" .·: ·,.· ·,':., . . ; . . . ~. . _- . . ' , . ' . :; . 

·, ,Antibiotics. are at least initial~ fermentation products. The 
extra ,ct_io~ :.of t,h~ .. ac;ti:..;.e p:rin c,iple 'ill 'pj.ri'e; .cheblic~l ·forni 'from ths cul-
ture milieu is extr.enie.ly difficult. on·e of the greatest sources o.f ::;,. · 
pot~p;t,i~l 'error . irtworking . wi'th. the acti _ve principle of' _ari· 'arit:(bfotic ;',T 

,,is ,_i,ts : re~ ·Uv_e .. mpurity as a sp,ecifit c_hei'riical moiety ·~ . ·.Fo1;·)~xarnple', .r-
th,~r;~. ~rEt :sfx recognized · peni _cillins, ti:.o. streptomycins, '·t-w'o' ietra:.:: .. !.(· 

... cyclines, ,.ari.d. sev,er·a1 subtilins. The occurrence ·of ·familiei$ of .. · · 
clo _~ely _ retate.d p·olypeptid~s such as _.in s·ubtilin is characteristic ... 
of _ polypep~:i,d_e·"antibiot'ics _. .. Hence; · it . could ' re'asonabiY. be expe.ctea: · · .. 
to oc.c~ .. in .. one v1e .are using, phytoactin. ·'Ihat: 'it does:,· has ··bee:n . · 
.<;1._e~9'_r1strated. in what -we_ ar~ calling phytoactin A, the · basic anti .--' ·'. 
biotic molecule ·has · a polar nature and exhibits about · half . the '1:ictiv..;; 
ity .:aga:i.nst the test organism ·~s the ()ther mo~ety i-re ate ca],ling > ... 
phytoact:i.n B. Phytoactin B is a non-pol ar · material insofar · as ' we ·;: .:r, 
can d~terniirie ·and . is the principal I)laterial harvested .f,'rom the " cttlde . 
extract .~ • . Phyto .~.ctin A differs co11siderably frorti"Phytoactin ·B in . 

. its solubility p~tterrts _and hence Ax:traction procedures may introduce ·' 
error .. )etween sarjipJ.,es ~epending on the state of the tissues _being · · . . 

. ·~x:tJ;~c\ed ·.~nd .the quality ·and type of solvents employed~·· . . . ·. · . . 
. .: .. . ~.~· : ... ·• . '•• . . . . ... . . ; . 

: . : . A compli~ati :ng _varii:ibl ~ :ii-{ host tissue extrac .t;i.rig •. :Tox;ins :and/.or 
arit:i-metabol:ites distr .ibuted. ~hroughout the .tree tissues 'as :a: conse;,;-:'.' 

0quence of my.corhizal a~_sociations ~as been implicated . as . lethal w:i.-th ,.-
re .spe~t to certain test organ;i.snis •• Consequent·1yJ the ' seleqtion _ or _<_ 1 

• 

the assay . orga_nisrri with . 'r~.spect tR .. · its sensitivity to sidi react .iop.i( . 
. in additipp. to its sen ·sitivity :tP~ the aritibiotic :-beihg as ·sayed · ·:ts ' ' ._ .. 
. ·very .iniportanf and must . b.El defin~d in advance o.t' ·a:s. says. . . . 

• • • • • • • . • . • I 

These are some of the variables which complicat~ · biologicaf assci'ys. 
-As loog ,as _ we. J:;!3.cognize . su.ch sourc~s of error when we _interpret our 

- '. ,·attempts .. fq _,pieasure antibiotic controJ., . of for~st pathogens~ ·' our con-
.-: _::\cl us ions _ii'rio:uld ,_ remain soun,d . ' : . . . . ! ; .· , . : . '. i ' 
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PANEL III. Is Armillaria ::mellea a·-. menac.E} . :i,.n 'i' orests? 
... ) 

, H •. S . ·,Whitney -:: Nod.erator 

ARMILIARIA DAMAGE APPRAISAL. , 
·:rn NATURAL RFDENERATION .OF. LODGEPOLE PJ;NE 

J • A . Baranyay ; 

. Armillaria mellea (Vahl ex Fr.) Quel. dam~g~ has been widely .. 
studied, throughout the These invest;i.gations have been mainly . " 
restr-icted ·to plantations or artificial reforestations .. In . these case~ 
the hosts wer~· handicapped by the unnatural conc;l.itions -created by the · 
process of planting, changing environment and other factors ipherent iri 
artificial cultur ·e ·Armillaria damage was ~ommonly observed . in nat:ura1 · 

. lodgepole pine regenerations-In Alberta. In 1959 a long . term proj Eict ) 
was initiated to investigate the developm ent of the disease pictu;re _ ·i·._· 
and the ;Long term effects of the organism in natural G_onditions . ·_perpia-
nent sample plots . were ·established - in post --fire natural-regenetat.:lon , ,, 
in t he Upper Foothills Section of the Bore al For:est . Region ,-of . .A) .. ~rt~ ~= 
_'l'he I'e g_eneration is presently 20 years ol d. The sample plots repre ·sent 
4 difJ~rent _.site · conditions from wet to · dry and a va:r:iEil,ty of stock ing. 
Data _'to ,: ·be discussed were · obtained frqm surveys .11\_ade_ J~ ,:1959·; 196.2 _and 
1964. 

,·t:~ . . .. , - . ", ' . " ,; ,·1 • 

,:T~e . incidenCE;l of root rot in living . trl:leS .could no.t be .determined 
·accurately until +962 because. prior to then only dea~ t~ees :h~_d. :bee.~·-. 
uprooted and checked for A. --mellea. Root rot . was th~rr,efor _.e · ey~l,1,1ate<;l 
only as a mortality factor• . Mortality that, was 9learly; :xesulted .fr9,m_ 
Armillaria ·amounted .to 13.7 -per cent in 1959, .:15.0 per ·cent , in . 196°2 .. : 
and 1.0 per· ·cent .. in 1964. In ·g·eneral it seeme.ci that · tallest tre~~ were 

,J, 4e least aff~ ·'cted. · Conversely the plot with the shortest .· average .:tr..ee 
height was most seriously affected. The higher mortality rate ' __ in th!:i' 

·. smaller tr ·ees . cdincided; with overtopping and heavy big-game brow~ing :·; 
In-growth and intermediate trees were less damc;lged .than overtopp~d .· 
trees. Mortality of dominants and co-dominants was very iow. Sta :nd 
dena:i,.ty; ·therefore, seems · to "have been an important .factor prE;JQ.isposing 
trees to seri.o-µs attack by A. mellea. I 

. r· - --- '. 

2·.4 per cent of :the treei:; had been killed up to 1959 by .a combi-
nation . of' root ro t :1 stem rusts ahd non..,.infectious agents. Mortality . 
of th1;s _ kind had increased to 6i'3 per -·cent by 1962 and ·-decreased,t.Q, 
4 .3 per . cent by 1964 •. An indirect interaction seems to haye exis:t ·ed 
between ~. mellea and browsing . Seventy-five per cent of the tre r,~ 
killed by tnis combi_nation of infectious and non-infectious agents 
were browsed arid infected with Armillar i a. · All -these trees . w13re in 
the overt .opped crown cla ·ss / Browsirig has contributed __ :to ·avertpppi:ng 
aAd general low vigour each · of which· •apparently predisposed tre ~s t~ 
attack by ~- mellea. .:1 · · · · ·· 
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During the 1964 survey an attempt was made to determine the inci-
dence of A. mellea on "the basis ··of external symptoms. Discol6uration · 
of foliage, basal resinosis and reduced tree growth were measured. 
Fifty trees were uprooted after being examined and classified as 
healthy or suspect. On the basi s of data obta ined from this sample I 
concluded that chlorotic symptoms · do not show up until the tree is 
completely girdled. A 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 Armillari a and were killed by the 
fun gus . In most cases; basal resinosis indicated the presence of 
Armillaria . infection on vigorous trees, whereas, poor tr.ees .. di<;l 'not 
produce th:i.s __ symptom. The survey _ showed J.h.4 per cent of the living 

: :.tre ·es were Armillaria suspects. Of these 6 ,4 per cent · were in · the 
dominant crown class, · 7ol per cent in the co-dominant, 0.7 per cent 
in · the · 1.nterine•ct:iate and 0~2 per cent · in the overtopped. This result 
is ·cpntradict ·ory · to ·tl:ie mortality data _which ind .icated the _ larg ·est . 
damage .. to be in . oyertopped ' and intermediate crown classes -; . However-, 
it supports the finding that vigor ous trees · recover. Because of the lack 

·-,. 6f res-inosis in trees in · the lower crown_ c·l'asses, · this character could 
not he usect ··to ine asure the true incidence ; of Armillaria in natural · 
stands ol livirig trees. 

'. - . . 

To investigate height ·growth as an indication ·of Ariniliaria ·infec-
t -ion . the internodal growtn of 413 trees was measured. ·only 4 suspects 
were found in the intermediate crown class. Therefore the randomized 
complete block design, with 14 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 classes. In the two way• class_ifica'tion, · crown classes 
s·erved as bl bcks and healthy and suspects as tt'eatmen'ts. A highly . 
significant ' aifferenc·e was found between the 10 year average i11t~r""'. _ 

· nodal growth of the dominant and co-doinknant crown classes • . However, 
non-significant F-ratio for the healthy a nd suspects within these 
crown ' ·classes in:dicated that internodal growth was not a reliable ·exter-
nal · characteristic ' for recognizing Arrriillaria infected trees · in natural 
lodgepole pine regeneration. / 

;! 
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\ ,,, 
,.Ji-Infected · "riving roots were cross--sectioned and the irifection ·:age 

determined. This ran ged from 1 to _ 13 y~ars. The older :i:nfections · •:., 
were partly or completely covered by callus tissues. Thirty root sec-
tions ·wera 'used for cultural studies. Arrnillaria was -not -isolated 
from any ' ·of thcise ·root sectioris. The results of this study - to the '" : · 
present supp"ott 1the view that ·-no definite external characteristics ca:n . f 
be a·ssoc"ia~ed with Armillaria ro"ot rot · iri natural stands of ·lodgepol e 
pine. ';' t · · . - · 

Mbrtality reduced the number of lodgep ole pine trees ·.by 36 per 
cent on ru10· :sample 'plots · durin g the 5 year -observation period. 
Armillaria 'melle a was res pbns •ible 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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infected spr11ce _dµring the · survey,' · Lodgepole pine is a ·successional · .. 
species in our ~igq. f~qthills and mountains ;and _spruce will -replaci it-
on most · of our ,_better .. sttes, It is suggest~d that ·Armillaria is redllc- ': 
ing . the compet}tio{i 'of Iodgepo le pine, thereby giving sprµ.ce an adv:an;__'. 
tage and enabiing it \o mix with lodgepole pine earlier, th·ul? ·speeding _:_: 
up the suqcession. · · ' 

SOME OBSERVATIONS ON,AillHLLARIA MELLEA IN BRITISH CO~UMBIA. 

L. C. Weir 

Armillaria mellea (Vahl ) Quel. · is, in al l pr;bability, the most 
_ubiquitous fungus causing root, dj_sorders in British Columbia and in · 
other parts of the 1-iorld. Observat i ons have be,en :_;earried out : _over a 
perio ,d of years on ··the activity of this fungus in British Columbia, 
althou gh primarily on ·an associative basis in conjunction with qt _her 
studies. · · · ' '· · .. · · · 

:·_.! ·: 

A report by Wilson (1938) ·r~ferred to . Armill ar ia in .connection with 
dead trees on Vancouver I sland but the conclusions drawn were that this 
ro0t rot , was PI'._obabl y a seco ndary or gan ism a nd therefore not r 'esponsible 
for the d~ath .of'.}he trees on :wpic h it was -found. 

:, Bucklanct.'_(1953) i'tbm :his exami~tio ns • of young Douglas · fir ;i.n 
,both ' naturally and artifici~l'.Ly fegener..ated stands, concluded that 
Armill aria ·a tt acked ·. trees in al -1 vigour · cl a ss es . Death re~ulting _.f .rbm 
these atta _ck;.s. occ\irred ' ·only i h ·-'t re es ·of. poor . growth where bad . piaritiilg 
practices ._. and/or · aqyers _e erivifbnrnental ·conditions were _ in effect. : _ He 
al.so noted .. th.at he avy resinosis was associa te d with Armill aria attacks 
on tre es. w.:i:t~\ good vigour, but the advance of the . fungus was held. in,. 
check by • the "development of calla.us ti ssue -,ar ound inf .ectio n l esioh 's. . 
In his opinion the sea l ed•-of f lesions · contained Armillaria in a "dormant 
state capable of renewed activity whenever circumsta_nces provided a ·,· 
-4ecline · in :th~ health of ·the in fe ct ed tree-. · .A comparison between natural 
and a-rtif_icia].. re genera:t,iori le d -him to · believe that na t,ur al . s tands ~ ere 
much _less susceptib le to infection. . - . · .· 

. .. 
, ),,lh,iie some··workers fe ·e1 that ,··:rtoot rot =-cauS.ed by Armilla~~a is _ 

.tnva _:riably a ,l ethal disease, these ... cited repprt$ suggest a l;>elief th at 
tqe fun gus is a weak para site and actively lethal only where the effect 
of weakening prior to · inf ~ction -ha s predisposed the trees. _Buckland 
tnf .~:rs tha t ··t he factors i nducing poor gr owth m\1,~t be of suffic,ient dura-
ti ci:n t o deny the possibility of -limiting the advance · of the fungµs. 

Records · o"f · a·rt ificially regenerated stan<:is : on Vancouv.er Is l and have 
been kept in the interest of forest pathology for the pa~t . decade ,. and 
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perusal ·of these data allow for some :interesting speculatipn. The . inc:i,-
dence ·.of Armillaria, based on basa.l resinos .is and the pres .enc~ . ·of . · . ·· 
mycelial !ans, in these stands now 20 years olQ., . has be.en reported to 
be as high as · 40% in some cases. ,Measurement~ and not ,es on conditioi:is 
hav e been made at · intervals on a number . of trees withil.:_\,;these st!:!nds, .·. , 
A decline in leader height growt h and increasing 1hlor osis was recorcied 
for a number of years. During the past several years some of the .tre~s 
lia,yedied, some have continued the decline or remained static, and 
others have shown aii increase in leader hei ght. This increase ..ms- con---
strued to indicate a recovery from decline si nc e they have, in essence, 
returned to a growth level normal for the stand. Comparison with 
weather data over the same ' period • .of. .. t;i.me sJ1owed that cl~t:i,c changes 
could not be entirely responsib le for "·the decline in growth. Thus it 
was inferred that the decline, associatep. with Ar milla ria 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 
indi vidua l trees relatively unrelated . to eacb other in terms . of position. 

' .. · 
It , can be seen that all affe.cted .. trees are n9:t capable of .isolat .ing 

an attack . by Armillar ia. However, the apparent recovery of some is . r· . 
indicative that the disease i s ne.t always lethal. It .must . be point .ed. , 
out that the existing data are limited by the ava ilabilit y of stal).<:1.·s .. · 
of all ages where comparative measurements might be made, Thus any · 

-hypotheses · that are advanced are based on the perforll!ance within stands 
-up • to 25 years of ,·age. . .. · 

From the standpo int of a l os$' of crop trees, these data take , on ·. 
another aspect. For the purposes of illustrativ.e conjecture, a pian~ 
tat ion set out · in 6 x 6 spacing . will, at the t~ of .planting, . contain 
approxi.m:ately -1200 tree~ per acre ,.,. Under fores :~ ma.nagement t~i s plan-:: , 
tation wiil -re:ceive at least .'one :a·11d pr .obably sev .eral thin,nings .. before 
a ·harvest , cut · i's · made. This is "understood to be selective thinning de-
signed to · give<wha ,t one might call.: 11.breathing spac~ 11 to those tr ees des-
t-ined to • be crop : ;trees. It is a further assumption, but a · er.op tree 
grdwn on a 100-year · rotation plan should ·occupy, at maturity, a space 
rou ghly 17 f.eet in diameter. If equally spaced, . these trees would Ji.um-
ber approximately 200 -'.per acre , at harvesL 

\; ./ ... 
These >assumptions have been made on the basi~ of .the survival : ~f 

. 'all trees ·initially planted~ and suc h .survival :~ev~r. o~curs. :rn co~ 1
. 

· sequence, it follows that some of the original trees ar e _.not going .. t 9 
make it to the first thinning. In addition, Armillaria will account 
for 'some1 ·of · tho ·se left after seed lin g· mortality. · From our dataf with 
its · mentioned lirriitations, there . is really no ·reason for supposit ion , , 

· tha't. mbrtality from Armi ll aria wil l not continue for a l or,iger period,: 
but fo ·r ·the purposes of . thi s hypothesi s we will assume a ·slowing of 
·effect from Armillaria .•beyond the age of :25. Person ally ., I feel that 
if a tree after planting survives the ·.rigours of . the new environment 
and its attendant problems, the odds on the avoidance of letha l 

··Armillaria iriva•sion are in its f avour • . -'However., provided tree loss 
'.does hot occur in ·groups la ,rge . e,nough to ·: create ., a .st:,and · 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 point _of view of for es t management, 
such l os ses are acceptable. · 

This conjecture is pure speculation, hut it might- raise interesting 
comments. There is ·not intezided any inference '\;,hat Arm:i.l_laria is doing 
a job that it ·costs irrdu st ry good _money to do an_d that we ·should leave 

· · it alone, r ·· · · · 

Additional evidence· of recovery in trees infected with Armillaria 
· · comes · from: -Molriar et r. al (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 
euphemisti ca lly ·calJ,:e'd '11fir 'g.ebline .•r: This decline was re _corc;led to 
·be affecting up to 50% of some · st _a:ri,ds·." Although it was noted that · · 
some trees .'had . succumbed, others 's howed evidence of the development 
of callous · tissue arou.nd lesions) an apparent recov ery from _Armillaria 
invasion. The presence of Armil la ria fans enveloping the firs ·t 6 feet 
of the bole of some trees that were dead was thought _to . have developed 
after ·death of the tni-e C 

; : • • • • "• l , · 1 • •.!•~. •• 1 

.. ·!".·, 
• 

. . In conclusion/ at1d .. in gen~ra 'lities, "it is beli'ev~d that, in Brit ;i _sh 
Columbia, _-Arrt1:i.llaria _'·;i..s_much °IE;J,1s likely to kill pole-s;i.ze ,-·trees, but -
might well 'kill ·preconditioned t _rees up to our arbitrar _ily selected age 
of 25 years ·~· . This be•lie'f hihgeij on the degree of invasio11 ·, the dura-- :. 
tioh of · any debilitating factors contributing . to tree deeline in · :vigour, 
and -.the si'ze of the t,ree :involved ·~ Two· things ar~ imp.0rtant for ·suc-
cessf.iil · infection arid. 't:ree death. · These are · the size of the attacked 
tree and the , ne~d for _predispositipn. With larger . trees, · preconditio .ning 
must be 'in ·· effect for a ·longer period 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 : coll ·ection 
of evidence might afford, in . the future, . a mqfe elaborat!:l hypothesis -
regarding the letlia1 ·-prciperties of Armillaria: 

.. t~. . . . . . . ' . ' ' . 
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CONTROL OF ARMILIARJ:f\: ROO~~ROT 

Lewis F. Roth 

._..., 

· Ln the :light of · our Cl.lrrent lim,ited l_mo-w],edge,. and pr.obab_ly · even :~. 
later : when our. knowledge is more . complete, prevention will prove a . , 
better approach t o control of this disease than will ~ure. When .thin.lc-
ing in terms of Armillaria control, two questions must receive consid-
~~ation. J:i,rst, is there a- need _: for control, . anµ second ., have . we a 
basts for act,:ion if . control -is .indtcated. I __ peJ;ieve both . questions are 
answerable ~nth~ : affirmative. . -,. 

: i { . 

. _I am .st:rong belie,ver in the · value _ of the ·• natural forest :':?13 a · yard-
stick against which th!:) :silvicul:turist and thepathologi$t _oa.n.measure 
both . 'their · needs and accomplishments ·. Perhaps consideration of ·. the . 
natlU' .al · forest is a good plc1ce to - start our thinking on control of 
Armillarj,a • 

. . :~c 
The virgin forests of the world on most acres . have produc _ed pI'o_-

digious quantities of wood, much of it in timber of the highest qual-
ity:. ,.;, Bµ-t _to~ ay, silviculturists aspire to _exceed these . yie;I.ds (l~ss 
is . sa:i.,d o( _qua]J ty }. In -_spite 9f these aspir _ations, i _t seem_s th at 

.for :soine time t .o come. we nec essa rily must be satisfied with . less pro-
duction · t~a~ ,th~ ---~:i..;Lvic:ult:urists .envision, a_nd '.·.p~_rhc1ps, les~ ,than the · .. 

. RU:rrent 1 __ y:iel:d oi; tp,e ,.pa,tiY~;:_fqr~st ·._ This wi.11 ,be;-:true · unt,il silv.ic1,1l- = 
· turJs~s :: c~n: app~y -t;,ruly va_),id sc:ie _nti,fic il)lprovements, a·s for example, .. • 
m~:r,e: .effic;:ie _nJ, -trees. , Short ,of .this, . ;i_=Lw:ill be tru.e, .. at -lea,st µntil : 

'.l they . are -?-ble :t,9.., imul ?-t.e -~ture . 1 s 2roce _ss of , forest .·production mq,re , 
: ·9losely; .. a t,as~ they often 9eem .indifferent .toward , o:r .l Htl.e inc;:linecl;; 
.to under.~ake .;- -_:,· . ·r. . 

One:is/imprE:1.~_sed. :that the productiy~.natural .f,'orest -or _g..ginated as 
an of~e .ri, dense ,. st?,nd of seedlings, in wh,ich_., across . the yl3ars-, most . or 
the trees of necessity succumb_ed, yielding their space · progressively .to 
the survivors. Very roughly speaking, we lost 50,000 trees per a,re 
to gain 50.000 feet of prime timber • . Wher_e was Arrnillaria dlll'ing this 
course of events? 

'• ,. We don\t really knOJ,v the ~-lev~l ;f pa;rticipatic;n of this f:ungus , in 
stand development, and I am sure we ·could debate its being a constructive 
or -de~tructive inf,J.uence •. Nevert):leless , ,.we. can -be sure of . two _ th ings • 

.. , Fir?h J\;rm{lliria m_ellea wq1s, .and is:, . there ·, -~verywhere in the natural 
forest of the temper ate re gion an9-,· p;rbba bly also . in the ·: ~:r.opisa -1 _forest. 
Second, it did not preclude development of the high yields characteristic 

· of th ,e virgi11 forEl_st during th~ -gener ,ation ~f the ,seed;J..ing~ es-tablisnJng 
the stands we now consider virgin~ ,· ~rmil~ _ric1 ,:i,:;i_; -• anq. has .l;l~en-,.1 in 
harmonious balance in the natural forest and control there is uncalled 
for. To be sure, . there are exceptional s itu a tions where Armillaria 

·· -·dcles · ·occur destruct ·ively iri naturally established stands~ Fcir· ·e·xampl e~ 
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in •f ore.s:ts on ir,unat,w.e.-,soils gi:v-en to ~xtr.emes o;f mq~sture _ ,f:) .. µc:tµation, 
or ar.eas . qf :,~t;r.ess. in flqf.i~tic, _a-~d_ ci _~at~c t~on zo~e~:; : .<~pd 
pockete in .the natlll"'al forest · fo1lowi1J$ . insect damage. or . disturbance 
of -soil microflora ... or. :;t her .ioc ·~ ;l., · :inhue11ce·. . I concl~~e -·.l\;rmiiiar,ia 
to be a constructive --fo:rce .;j_n the natural forest, if :: Q·~iy to p:rovide 
loot for -. th -~ -mycoph2g:i.i3:t: · ·:;, ··' .. 

. ; ~uc~-'i statement° ·as th~ precedin,g cannot bei made of the art;i.i'icially 
regenerated . forest ., . ·or' of the extens .iveiy modified natura. _1· stati6 ,~ Here 
Armillar4µ · is .a :a.est.~iictiy ;~ :i,._¢'iuenc~ :;:~Pd .control is in ordex '., i{ •serious 
loss -es ar c:i to ,be ,av.q_;i.,§.~~-• . . _., ; .:. ~, ,, -; . 

If you: 6~ncu;r: ii/thi1 i~terpretatio~, :·can '·. w_e not ·say -~' i ; ,;,~. facto, 
that it is the um1atural conditions of t}:le artificial .or ext.ensively 
modified stand that are at the heart of· oui .. A;millaf'ia':· ~~obleni~; and 
tpa-t:,. ~t is _, towarcJ corr<;lp~ioI?-;_,_Of these cop,qiti<;>ns _tl)at ,ou;r, Armillaria 
control efforts should . . l;>e. directed,, . . _ . . 

'. ,.:·; ·. . . . . . : .. •.· !\ . . . · . . . . . .. .1. . ·. -.}--/ ~-
• ~t ' . ; ; ~.-· • i ... • • . .... • . • • : • • .· : -... · • • : .•. 

. . OrchQrdi 9ts ~-n temps:rate cJ.ima tes _ and t~opical .pl~pters ha\r¢ made 
.~om~_.p;rogres.~ .. t 'o~ar d 'direct: · contro:i' throµgh _ trea~m'ilnt of .infect~ ,d -indi-
··vidiials . and py: rog~eing _t,he orcharc;1$ and pliu:ita:tions; t,his . work 
may reveal principles ··useful · to the .forester, for example; ~ap _h 1s 
work on depletion of root reserves by girdling, ·these expensiv~ pro-
cedures. appear inapplic~"t?;Le. tp ;forest practipe. 

,r • • • • • ~ . , • , l . .• .. . . . . . .• • • •: . 

. , As :my, aspo&iate~ .on the panel -have capably sqnwn, we, h~ve a very 
l:i.mi;tecr base of'_.;fact µ~i lfilowledge of h9st and para ·{:li,te arid,_ of . t .heir 
interrela°'tionsh 'ip to guide our efforts. .Most of what ·w.e 'kzibw c'.oncerning 
th ';i.~. ,dis~a~~- is . ba~eci. ~n fielq. ev~l:uati o,n, and often \lll~opt~o"µia. . obser-
vatio~~ . . _'I'l}iS; ,~:itu,ationmus .t ~e ~ept ," constant _ly-. 1n: mind_._, N~:v~·~i h~less, 
I believe . tnere is enough agr~ement _among Qbse~vations .ot s~ch .¢de 
origiri' to ··provj ~ae a iogical if riot scient'ific . basis .fqr ·. ad:.ioq/ ' Let 
us ·recall that Armillaria usually i s widespread . in the foresta"tion site 
and that most w~')ody plants are potential or _actual hosti;;_ fol'. the fun gus. 
With these requir ement s met for the occurrence of · disease ··anywhere at 
a.n,y __ t ,i.me in qur-. pla11;t.q\ions? they .pan be mpre, o;r l _ess .disJ!l,issed and · 
our _a;ttention .,can . be ,. concentrated , op ·th~ _.epviropro.e~t , whi .ch -appe:a;rs to 
-ai'fe~t ,,;the .incidence of in.fect" ion anci. tlie' o·ccurrence ·ot loss · .i~ many 
imP.o!t.a,:it _v;ays •:.· ' , .·. · ., :_ :._ • ,:; ·· .· · .. . -, · .-· . . : .·.;: ,,. ·-;, ·, 

i. The Envd.ponm~~t Surr .oundirig' the Jn<;}c,ul~ 
. " .. ~.r~ ;·<\:·, 

. . . •. ..1 · .,.. . . ..... . _: ' . ·. . . . '. . ' , .; . ·• . 

A;nnill.aria i s a root-- ,inhabiting fung:us whose survival _and 
. capac3.t y fo1· -spre .;:id. is infll.lenc ~d. by the· mitritiopal _nat,'ure of 

. . ... . : . the food . l;)ase-1 by. t)l.e. 'co.mpetitive co'lo.nization . of the . foo.q base 
. by other organ1sm.s~:·and ~by moisture ·, t _emperatur _e and,: ot~e'r 'factors. •· ._ .... 

These may i:rrf.'J.ucnce survival, dormancy or active growth ·'i:,f' the 
patho ge,1. · ·· •.' ·· 

2. '.'I'hl;l '_ E.ciai)h_ic ?,n,d Climi tic Support of the Host: ; •, ·" 

Fir st, this is a matter of suitability of the potential host 
J 
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,·· ·· '_spe ·c:i.es _to ·the gr6wing ... i,d.te~ •. In' general; trees · poorly . suited •-fo:•·;: 
t-lieir •· si'f;Efo s'e'eilr tliEii ·more likely -t:·o ;succ 'umb. to infection. Orie,·. ' .. ., 

:.->is · i:mpre·sse ·i:i tfrat '·f a:i.lures away :from the site of origin rriight be'· :-
_'·mor'e. cci.mon in · 1,pecies ' havirtg :wide ·:g·eographic fanges in -which .. .-

._.. theirs has been .considerable ·ecotypic speci.alization and .that . ·,· 
species having narrower ran ges fare better; : It · is · not · ·int ended ·::~-~ 

.. _.h~:re to <;i~smis_s the . planting of exot ic s which is not without 
,::..; "_--~, :_,,,dange r~ but /"p\erhap s,. is ··a ·'spe 'eia1 s'i tua tton~ A se.corid :i.mpdrt·a'.nt 

\'· ·.:':: c~p.Siderat"fon . w~i¢h!t6o · o"ften' is ... neglecte~ ' in practice ·, is tn~ .' · ·,: 
,,·•.,,·,. - planting· ·or· si'-tes ··that are .. or ''have become lllore or less unfit .:for .:. _,, 

planting, particularly when the planted species is ' the · orie ·ot '· ,; 
.,.,,·. gre_~test 7?,9n,q?1ic __ ,imJ?or,tar;i~e formerly occ!:lpying the site~ . 

~: : .. :::·.· :·.-,.-·.·,.,~Yi:· _,t: . ,.:· . -~-., .. : .. .. _. : ., . ·. . . . 
. :···, J.-··. Spatial · ·.Rela;tlonships :-". . . ,, ·. 
, ·· : . .: 1. !'~ • ,,' , .,.- . .,. · _: . .. .... .. . ·· . ...1 , ,, •. :~ '" • .- ' 

~- · ;. :- - · • • - , ·• - ~'- ·, . "'. : ' · · ·-···r · ., · · · : . :· · · · · · · 1 • • ·~ .,. •v· -· ' --The proximity of tre·es of .' the new · stand to residual infect'i:id •· 
material will influence the frequency of contact ·with inocuiun/ "',•.'.r 

r-•~- _.·_,.ap~ _probaq _lY, the fr~quency ~f _ ~nf;~_ction. Prox:i.mtty of indiv',iduals 
,'.· W::i,lr .. af:fe ·ct '·c9ntagiou$ ~pre ad •. ·q9n1petttive . influences . am.~ng __ .th~ . ,. 

:, ... tr _08$ ?f · the sta _nd for U:se of th i3' ··s'.i~e 'ki ll influ~DCE! .the ii _ab~~_i:t,y 
9f. .. iil:fecte :d.J~d~ vidba1$,. ·~o · ciamag~- fol~o~i~ infe~t~on, if' _ ti.?,·t tf .... , 
iiifec.tion ·'H 'self •. . ·. . ,.· ·. · · · ' · " . ' · ' ... ·· ·· 

. , . • ., .... ~. · ·: ~- • . .. : , ·, •• • :··., .• • _ _. --~ · · . ' ·-_. ::._. . • •• •:~·. f 

4. Environment and· the Year -to Year Vit~iity of the . Tree: .. ;: ·., ·:· 

-...:J ': .. ' ;, :·:y~~! ·'.to _Je.~< .. grciwin.g: ~6-~clit~?DS:· a'1~<3cting vitalJty ~:~~~fo r -: . , 
. _ . . ,._}l?'.C~~p~El '- alter~~ti?Il of lon ~ :t:>~1.'~ods, ·?f -~:evere drO\lght w~t.h,-: .-1~~ · 
._,_,,_._:· peri9ds :·of' adequate or ·excess · moistur ,e:, ~eem especially ·to _inflµ ..: 
. _.,,:---· '' .e·nde·· d~mag½:Cfcylfowing infect .ion arid ·perhaps also the p_r9cess o,t · :· . 

•.·'. - . -')ni'e~tiolJ.~ . Es·sentially : no'tli.ing is known qf the basic facts ··: ·· .. 
. . ;:under-iying tl}is 1:Je.havior. . In this° s_ariie category should fall ··:.. · · 

_ _--:· ,·maey;abu'sE;Js•i{t :i.mproper··plartting. · :· ' · · . ' · :~ . ·i-. 
:: ; ·, t. ·, _: :~ <::-··. . . . :··-~ .. 
·•:_:'-;;_:, ··-5_; ,'.iErivironmeht '~nd 'the Disease: '. 

:~ •.: . c_:-: .. \. • -·. . . : . . . , , -· . . ' . : 

I, ,.. .. , . 

:·/ ; . :', ·: Ehv{'rol'!Ilierit undoubtedly influence~ ' progres :s . o{ the ·pa t~ogeti ··. '. 
-:,·. witlf:i'ri the infe 'ctied tissues. · The· ·iru'luence of ·tree age 6r e-v-€m'u,.-: 
.,, ,: t'is sue - ·al~e on infe 'ction is 1 unknown; nevertheless, young t _ree ·~--onee 

infected, are far more liable to be killed than are old tretis~ ·--:-,1• 

Conversely, if only from. the basis of chance, old trees are the ' 
more liable to be'::in.feH, .ed~ : :in. oldfo" .tr.ees ·, root . ·infections may ·· 
be .occluded by host response or i nfected roots may be entirely 

' :r6tte.d \:if ·f; accomp·anie ·d by death ·of the · infection. Conversely, 
' undii' .-;8ond1hon~ . ;favoring · the ·d,:i,.sease, · 1atent infections ·may'. spring 

. . _:';i.nt'c('.ciestruct'ive activity\ P~c:rth ·oi• ·near · death of the post · appar-
. .. " : ••••• , · 1- • .•• ~- .. • • • ' ") • • •• • : • ,:,,. ' • • • ; -· • • • • • : . 

. , ... · ·· :entl;V ·releases th ;e fun gus for a grand pe:riod of s~prophytic :expan-
. ,:,, .. sidti Jithin the Iridividua°l, · · · · ···· · 

Change is a distinctive featur~ of Armillaria ~xpression, A,s the 
individual, the $tan.cl and the -site ··mature, ·di'sease :expression may change. 
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Under proper conditions, not now specifically .explainable, Armillaria 
is aggressively pathogenic on saplings, whereas on -mature .timber the · 
e?CJ)re~sion ·may be mo:r.e· one of saprophytism than parasitism ·. , . 

'.,_ . . . t. . : ·. . . . . ·• . . . •. 

) . ' t:fudden ~hange; dis ·turbing _the biologic b~;Larice_ ·or-th~ . ;~ahd , app~ar 
especially clangerous. Figure 1 illus _trates that : ·in ·.:the presen9e of .. . 
inoculum the trees most l .iable to damage are those poorly adapted to 
the site, or trees well adapted when growing under abnormal co~p_etitive 
cori<:litions, or when weakened for -ahy cause. Even tre}3.s of high ,y;ita],.i_ty 
w:hen grqw;i..ng competitively,. may differ under a moisture regime favor;ii)g 
the fungus • . . . , . ' ... 

It would seem that our b~st chances for control li~ 'in mairttaining 
conditions just the opposite of the preceding. . This essentia lly calls 
for return to a more nearly natural forest; that is, a stand with the 
_right , tr.ee _on tqe site, growi;ng :rela:tively freely th.roughout its life, 
·with the minimum seriqus exposure to wic:l.e . ,fluctuatibris of envir onment. 
How can this be accomplished? · · · ' · · 

The following considerations might be given attention: 

1. Sqund silviculture does not demand and should not expect on 
any particular site the repeated production of the tree species ·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 
the site as to make it unsuit able for the species harvest .ed . . __ .-: .-;~-- . . . ; :·. . 

.J. . ]j}.· :t_!!e course of· sta!ld development, _s,o_ils are improved by 
forest ·cover (though not ·~ecessarily for rep ea'ted production or the same 
species). Availability of mineral nutrients is • improved, useful organic 
compounds are incre ased in supply, soil moisture and aeration are im-
proved, and a beneficial associated fauna and flor a develop. 

4, Even poor site s 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 nat ural 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 th e site. 

7. Natural mortality is one of the most important of the above 
adjustments, prov idin g the orderly supply of new growing space to the 
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lar .t6.r~'.::t.r.~~}t; .. t'lli:i!i1,supp,ly_ confci'rms <t.o:·~ irre.guJ..¥:iJ,:ies ·;i.ri ·.the -.pro(!l:aotive 
capac 'itly ·~o'f.l..,,fJie :-,Jiarldj.• . .a-nd"t .o.•,zt.he .nee:ds .. :of .;:the ,~lar.ger , .treI~S 'F .not; ·;·as Fis ( , 
so common in pl-firii\ing···.ol-d,,f'.ields ,.:.a:nd. ,other' ;, a~a .s ;.fr-ee of ,9.b-st.acl~s -,· - f{o -':~ 
some preconceived practical geometric arrangement which pays little 
att .ention :t6 ; either '.:s:i!te ·0.or .~si1v:ic.al ,,.re-quilcetnents ·of .. th.e.!,tre .e/ ,· 

• : ::
1
,!.;•·:· . •• ~::• .••~~~•.( 1i ·:• , •••;, _ • ., _d · •-,• • •• -~:r • -:- _ i: .,:~·,.,+~: '"] •.;_:' -::;_ •.'"/ .. : .. _-~;_f •;~ :• 

. ·As! ·prev±ous -ly.-.-statedy ; our gregtest p-:i;-:q,o,lem .'.appe~;r~ , .. t,~. -lie . i,n:• th,r : 
at!Afii<:::!;aily .regetiecra:teo.,.:-f'0r ;~.ast ,:.·. l!nti .1 .-;t;he,, s_c-;i.~rit-ifi,c. -f •fl<:;ts-•. gr~ ~ade .. i,,_ . 
.q1;J.at:al~'·i·known, · these ~pro:cedwe.$ :;migh,t; :a.civise.c;ll;y.: b.e f9J._lowe.d _.wti.en. :_deal..: '. 
'in.ii( -ki;tb'.-: tl:),e··r,e·fore:st _at~.on ·s·i<t,e.-;.,._. ·:·:: ·">· • .. ·"-'' . -.-., ._,:_,.· _0 ,:·, .:; .:• , ·, :, · · .. :::'.·t::_,1:.j 

. :' .,' . .. · .. ·- t : . . • . .... . 
1. - Avoid reforestation throu gh care am. maintenance of the 
• •: 1 na:tu.ral' foP1:ist. · ,·-:.,.,;:.,:,' ·<'"· .. .- , . .. ,: • :1 ..... 

"t •• ••;:•:•=· .. :\.~,:\,, :,,, ,,. •, ;,·::·: :.-,, ·•• ••••,•t:•,. ,• R~:•.,, •·-= • -::J-:: •.-~ .. 
· : :, 2:.-,.!: .. Whare:.refo.r¢'statit ,n .'is nei:cessar.y:,,'. make sur .e ,the. s,i'te .. is ·.·pigh:t; · 

: (// ~}. ','::::/.;f,t -~~"t: :right; :r~e~:~r~at c.o.rr.e:.:i~ :/ .r ... ::a~ ,out ··-,,: :: ::.; <·;.) :: '. :··•~·. ;;'-;<': 
3 •. Seed, rather than plant. 

4. Ref.orast :i-dth :·a 1 ,nt:ixt·ure ·o,f ·species that '.·make . v.arie-d 'ideman.<is 
on the site. 

tt" ; .,'·.:;.·, .· _'::..-· .:1. !.~ . . . ;· . . . : -~. ,. :, •'I-: · 

-,.-.. .. /, ... _:)5 . ·, · ·Siiection :of , ·stoiik :·should -c-onsider· .-sp.ec-ies ,th~t ar,e . s:ith-,.·1 .. ,,,r; 
builders and species making limited demand' on<the · sit .e ·; .. '.:-, ·· 
along with species of high value. 

... ·· ·.~' .. .•• ,• •:.• .:.-L",:\ " • .'., 

If · ·p'iantihg . must :-b:e. :dime·, -p:ta,nt · weB: with :.;frreg:ular · ·spae',iing; •. !. • . - .- ' . ' ~-~: "J '' . .: : .- '!. •.1-•· ;. ·, :. ··· .. ..... ··',. ' ' .;1: 

Clearly, for more than chance of $UCcess, the reforestation job 
must :receive · t,he ·attent :ion . of .-,a, hi 'ghly competent sil-vicultur:tst ., .. 

·;:~~. ...,.:1·•· \ , , .. , :· ,., ·, : • "{; ' ,,. · "• :-~· • i' •- _;.•.: .. _.'.·,;,: · ·· ·':, : · ·•·.~·: :: ~:-,_ :· ii · , · ·: •,:... Y_ .. . •.• -.~1 • 
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:•• . : ; •• _., .. • • 1 , t .. :A;. ._ (' •_:;•. ~ 
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Fig. 1. Schematic · repres:entati()n · of probable effects of . envir~mment on 
Armillaria root rot. The co111bination of conditions to the right 
of the dotted line especially favor damage. 
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. NUTRITIONAL ASPECTS . OF .B~cMTH: Amj~ foiizoi1oiPH PRODUCTION 
• . • • • ' • . . • • . • • •. • ; • • • • . •• ' ' " ._:\ . t I • _ _. . • . 

. Br° . .AFiMILLARii° MELLEA. ,,,.·-.. 

A, R. Weinhold 

Armillaria mellea '(Vahl, ex Fr.) Quel. is an aggressive pathogen 
which attacks a .wide r ange of woody plants. A unique characte ri sti c 

. . of this fungus is its prod uc tio n of specialized vegetative structure 
called rhizomorphs , RhizolllO,!phs, .function in the penetrat i on of host 
roots and are t herefore very_importc1.nt ;i.n th e pathogenic activities 

· of the fungus . ' · · · ;-· ·-·· ·. · 

. In a recent study it vtas found that on a solid medium containing 
glucose, asparagine , essential salts, aga r and thiamine, Armilbiria made 
adequate my·ce lial growth but did not produce rhizomorphs. When the 
me9-ium was supplemented wi th yeast extract or an . extract of fig wood 
mycelial growth was stimulated and abundant rhizomorphs · were produced . 
In addition, when.-the medium was supplemented with low concentrations 
of ethanol , extensive rhizomcirpn development was obtained. Therefore, 
ethanol .-.uul<;I completely !"'ep~ac·e ; the :·requirement of this fungus for . 
some factor in natur al material. The optimum conc entratio n of ethanol 
to gi ve this effect was 500 ppm but a de tectable response was detected 
wheri a: ·concentration of 50 ppm wa,s ·used • . .In addition to ethanol, 
1-propanol, iso-propanol , . apq 1,.-bu;t,anol WElt:e ~lso found to be effective • .. . · .... -· . . ·_.. . ._ . . ·.• ., . ' . 

This effect of alcohol provides a. rii.ethdd by which rhizomorphs of 
Armillar ia can be produced on a complet ely synthetic and . che.mical).y 
defined medium. Therefore, it was possible to investi ga·te the· nu-
trition al requirem ent · for optimum gro wth and rhizomorph production by 
this fun gus. 

Nitrogen Source Comparison 

•· ·· Solid medium. - -The first objec .tive . was to · det ·ermine the nitr9 ge n 
sources ,.most _suitable for A. mellea. The initial . comparison was con-
ducted using ·· soiid medium cont a inin g 5 g glucose, which was autoclaved :.... 
separat e ly, 1 mg thiamine, l.;._75: g Mgso4 • ?H20 and 2) g Difeo agar ad n 
1 liter of distilled wat~r ,., ,, N:itrogen source$ were added to give 0.4 g 
nitrogen per liter and pH was. adjusted to 5.8. Each nitroge _n source 
was test ed with and without an ethanol supplement. Ethanol ·was added 
t o give a concentra tion of 500 ppm. Twenty ml of medium vias contained 
in 4 oz. prescription bottles which were laid ' flat to provide a layer 
of a.gar 5 mm thick. The medium was seeded wi'th 'discs ·of water agar 
co ntaining mycelium of~ - mellea. 

. In the _c,1.bsence of ethanol th e amount of rnycelia l growth varied 
dep ending upon the source of nitrogen . However , in no case were 
rhiz omorphs produced without :et_harrpl .with the except i on of casein 
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hydrolysate .. after . long growth periods. When alcohol was added mycelial 
growth was s.timulated and several nitrogen source s suppo_rted good 
rhizomorph production. The amount of rhizomorpgs was det ermined by 
measur.ing theiP ,,total length using ··a p1an:i.meter. ·: 

· When the var:i,ous. n:ttrogen sources were . compared, on the . basis 
of _rhiz omor:ph proc;hJction, it · was found that nitrate was completely . un-
satisfactory wher~as ammonium supported good rhizomor ph develo pment. 
In all experiments vitamin -free casein hydrolysate was included as a 
standard for comparison. The nitrogen sources tested could be sepa-
ratecl_ into 3 groups as follows: Very satisfactory _ - .casein ., alanine, 
asparagine, glutamine, aspartic acid, glutamic acid (65-ibb% -of casein); 

-Moderately satisfactory;.. sE3.rine; leucine, ammonium phosphate; · arid 
arginit1e . (30-50% of, case;Ln) ;: .JJnsa:1:,isf actory ... , glycine, . phenyl ala.nine, 
methioniqe, ':lY~ine -, tryptophan, yaline -; isoleucirie, threonine; · histi-
dine, ·pt'oline, hydroxyproline; and potas s ium nitrate ( 0~15%: casein) . 

.. . Several. of . the · very satisfactory . and moderately· satisfactory 
nitrogen -sour _c~s ·were .compared at concentrations of 0.2, o.4 and - . 
0.6 g .N/1. . . Over this range concentration of the nitrogen source had 

- ·:· very little influence on .amount of rhizomorph production. 

. · - Liquid m~dium. _;_·Because __ . impurities in agar may i nfluence the 
· re ·sults several - nii;rogen sou,rces were .compared in a: liquid medium. · 

·. The agar , blocks. of inoculum were ,.floated on pieces of glass cloth . . 
Under these -conditions it -was possible to obtain dry weight measure-
ment~ of bpth mycelium ani rhizomorphs. The performance of the · 

. compounqs. -t.este _d in liquid was simllar to ,that obtained with solid 
medium,. . The initial pH' of the medium· did not appear to ·be critical ··over ~he. I'ange of 4. 7· to 6 .5 . 

. · ., . .. ·; . 

The mos:t, striking -effect .observed with the liquid medium · . , 
experiments was that in the absence of ethanol there was little or 1 "i 
no · growt,.h_ o:(' -mycelium . · · .. F·or example, with . annnonium phosphate as the \. 'j-
nitrogen , th ~re was no ,growth unless ethanol was _added~ This · observation '. / 
suggested th.at . carbon sources other than · glucose shou.1.d be tested. . 1 

'..., if~ 
· Carbon sour _ce :._comparison.--In .these · tests a basic liquid medium 

conta:i,.µing 2 g (NH4)? ·HP04·, ·1~75. g KH2POJ,; O. 75 g MgS04 • 7H20 at\4_ 
1 mg -thiapti.ne in -1 liter of dis-tilled water was used. · Carbon sourc .es 
were sterili.zed separately and adde.d to give a concentrati on of 2:~4 g 
carbon/liter. ··· · · 

It was found that ethanol was an exc ellent source of carbon for 
A. mellea. However, with glucose, sucrose, and fructose no growth 
occurred unless the medium -was supplemented with ethanol (500 ppm). 
Acetate was found to be much less eff ective than et hanol as a medium 
supplement. In the presence of ethanol, glucos e sup port ed good 
growth while sucrose and fructose were relatively poor . An analysis 
of the residual medium showed that in th e presenc e of alcohol t he 
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:·sugars '·were utilized; ·rn a'.ddition, -growth on glucose + .500- ppm, 
ethanol was mu.ch greater thab. on 506 ):rpm ethanol ,alone. · 

This raised the question of whether haturai material would 
function in the smne manner as ethanol. When the above medium was 
supplementedwitheithe:r a partially purified extract of fig wood or 

.. 'yeast ex:tra·ct growth · and rhi,z,omorph production occurred. ' · Analysis of 
the medium sho,:red that the gluc?se . had been utiliz~d. 

· ·summary and Conclusions. -.:.The. tests described above· have. shown 
• that F; mellea wiu· ,.ncrt grow in a culture ' medium containing · glucose, 

·· ·ammonium phosphate~ essential salts ;and. thiamine . . However; if the .··. 
me·aium is supplemented with either patura,l materials or low· molecular 
·weight alcohols · ·(ethanol, propanol; ·butanol) growth is abundant. . A' 
'knowiedge· ·bf the role of alcohol in promoting growth ; of A. mellea 
might provide some insight ' into the funct:i.on of natural substr ate .s / 

-. ' By usin 'g a synthetic medium. sU:ppleinented with ethanol it t-1as 
possible to evaluate various nitrogen 'and ·carbon sources with re ·spect 
t'o g:fowth ah'd rhizomorph pr-oduction -by •A. "Iliellea~ ·' The' most extentive 
work was done •with sources · of · nitrogen . ..,.With agar medium good mycelial 
growth but no rhizomorph development was obtained in the absence of 
alcohol. · Th:i.s suggests the ' presence of some impur _:iJ;ie ·s .in · 1;,he· agar 
because in liquid medium these same nitrogen ·· so-urc~s supp'orteci' little 
or· no -rriycelial growth . · When the medium was supplemented · with ethanol 
and development was used asan 'index of the suitability of nitrogen 
sources it was ,fourid that alanine; · as'paragine, glut ·amine:, ' ·as·partic 
acid:, casein· hydrolysate, glutamfo acid, and ·ammon:i.um phosphate- ··were 
quite satisfactory. : Potassium nitrate and fifteen= additional amino · 
acids were either only moderately satisfactory or unsatisfactory. ':'In 
liquid medium the response ·of the fungus to the several compounds which 
were tes"t;ed was· similar to the results on solid medium.. . 

0nlv & limited number of carbon sourc-es were evs.lua:tedi ·. E_thanol 
'Was ·found to he· an ·excellent source of. carbon. When the mediU!n wa~-
supplemented w:ith .a low· concentration of · etha nol glucose · \-ms a . good · 
source of carbon whereas sucrose and fructose were relatively poor . 

· In 'the absence of ethan "ol no growth took . place .. w~th. ~'f:IY of th .e 3 
sugars. A study of the metabolic· pathways by whi~li the 2 ca:hbon · · -!..._ 

'. c.6ntpound ethanol; is utilized as a carbon source for · 1growth of' 
A'. mellea . is also 1 art important area for future investigation; ·. 
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:. S UMMAT.ION • 

H' • . S. ,Whitney .. · 

., :-· 

The information and ideas expressed in the foregoing papers show 
that we are steadily increasing our knowledge about A. mellea. How-
ever , lest we begin ~o feel that we' ve about got it licked, perhaps 
we .should ponder the following comparat1ve statements. These quo-
t ations , paraphrases and p}agiarisms have been purposely taken out 
of context so as to be more provocative. Apologies to their authors . 

11Disease caused by A. mellea is more prevalent in plan -
tations and in modified stands than it is in natura l 
stands--Boyce 1961: Natural forests are rapidly being · 
replaced by managed forests and pla ntations--Nordin 1961. 

The f ungus does not cause disease of thrifty trees - -
Boyce 1961: Rhizomorphs penetrate directly through 
sound, healthy periderm of the host- -Thomas 1934. 

11The basidiospo r es are not regarded as important in 
infection of the living host o • •• 11 - -Walker 1957: II_ •••• 
for though the old stump could be destroyed and its 
toadstools burnt, it stil l spread like cancer in the 
soil under the treel? . 11--Large 1940. 

Diseased trees occur most commonly close to ol d dead 
stumps colonized by A. mel lea- -Boyce 1961: ~Then 
t r ees are close together, none escape the disease- -
Hartig 1873. 

A. mell ea invades the cambium and the tree dies--
Walker 1961: Armillaria root rot weakened trees 
through decay and they were easily bl own down by 
t he wind--California Forest Pest Control Action 
Council - 1963. 

Bark beetle infestations predispose t rees to attack 
by A. mell ea- -Boyce 1961: A. mell ea atta cks pre-
dispose trees to bark beetle infestations - -Peace 1962. 

I nduced periderm is a mechanical barrier to the 
further development of A. mellea, neither its toxic 
enzymes nor its mycelium can penetrate further - -
Gaurnann 1950: The fungus did not become established 
although it had penetr ated th e living bark, and in 
some instances a secondary periderm was not formed--
Thomas 1934. 11 
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It seems quite unlikely that a.satisfactory understanding of 
disease problems caused by A. melle~ will be found tucked away in 
some far off library. It is more. apt tq emerge from the ·efforts 
of energetic plant pathologists investigating the physiology of 
host~pathogen interactions. 
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PANEL IV - Adv:erse environme ·nt and fore st dist:'lases; 

I:L tU Offord - Moderator . · • : • 

.The t9pic assigned to this · panel is so b'r.oad iq scope and impact '' 
that it might well have b~"en cal :led for ·est patho l ogy~ Adverse en- ., . .. 
vironment to a forest pathologist means environrrier:rt that .is . f 'a.vorable 
to the occurrence and intensification of a disorder, physiogeriic or 
pathogenic. 

. . . ., .. 

Today we shall by-pass direct consideration of fu ·ngi in favor 
of two phases of physical environment and disease . In this endeavor 
we ·shall be guided by fqur _ eminent pathologists - J. A. Baranyay, 
G. H. Hepting; J. R. Parmeter, and Paul · Hil ler. First, Baranyay 
will discuss traditional aspects of adverse physical environment by 
describing the problem of . 11red belt 11 a type of winter drying common 
in forested areas of Alberta. Then, Hepting, Parmeter, and Miller 
will report 9n the relatively new but seemingly widespread problem 
of damage to , fo _rests : by air pollutant~. Matters t ·o be {l.iscus-sed 

. ht:'l;r_-e by this · panei will clearly show· that managers of wildlands 
·must enlist .the help.of pathologists -in ·choosing .and protecting , 
forest a.rid park ve geta 'tiori 'so as to· ininimi

0

Ze the impact of adve .rse . 
envirorurtent. . . . . . . 

Disease Caused by .Advei"se :Environment in th!=l ·Albe:rt;;i. :Region_ · 
; •. ' .-~. 

• _•, • .: , I • , • .. . . . . .. 
J; · A:. Baranyay 

,• , ! ••I 
.••·. : f ~-

· .-.J. c 
. . · .. · 

·. ·, · . 'Red · belt 1: or 'winter drying is the most common env ironm ~~tal 
disease >~hfoughou _t ·the ·foothills. and mountain· region·s .~~\ weste:rn · ... 
Alberti. We hid .Si-rred :belt ! -years out .bf .·the -la.st 1i., i -the year . :of 
1962 and 1963 being · tbe ;:mbst :severe ·. : Slight : decitea .se , of d-ia.met~ : . 
growth was indicated on the basis of increment·cqre _examination au~ 
to the loss of foliage. Growth is reduced in proportion to the 
fr action of foliage killed. Unusually heavy mortality was observed 
in two localities in 1963, where 'r ed . belt' had occurred for con-
secutiv~ years, killing merchantable timber over hundreds of acres. 
When thef damage is li ghter --and :the ·buds are ,not kiJ, l ed -~the reduq.:ti on 
of old foliage pred ispos es -trees to ,secondary insects and diseases · 
which cause high mortality. 

It is believed that the alternation of warm and cold air 
masses caused by Chinook winds are responsible for the damage. 
The fluctuation of te mperature between ~24 and 34°F for 5 days in 
late December, 1956 caused extensive red belting in the Kananaskis ) . 
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Valley. An area was selected .for detailed obs.ervation in the winter 
of 1963-64 because of its history of repeated red belt damage, Six 
hygrothermographs were deposited along the slopes with approximately 
200 feet elevation differences .and were run from the 25th of November 
to the 10th of May. Unfortunately the winter of 1963-64 was free of 
red belting. The largest difference between .m~imum and minimum 
temperature was 4~0F for one day _and the maximum temperature, did 
not rise above the freezing point. 

A CURRENT APPRAISAL OF DAMAGE TO FORESTS FROM AIR POLLUTION 

George IL Hept'ing 

Air poll'l,ltion damage to trees has beeri documented from parts of 
Germany, England, Russia, the United States, Portugal, Tasmania, 
New Zealand, Africa, India, South America, arid reported also elsewhere. 
Until a few years ago damage to forests from air pollution consisted · 
mainly of localized but very severe cases of mortality and growth loss 
due to oxides of sulfur or to fluoride associated with ore reduction; 
with a minor contribution from other sources , In recent years oxidant 
damage~ attributed largely to ozone in Los Angeles· smog, is consider~d 
partly responsible for destroying ponderosa pine in the mountains east 
of that city. Oxidant has also been determined as the cause of a long-
known needle blight of eastern white pine now called emergence tipburn, 
and there is ·some evidence that the eastern white pine disease long 
known as chlorotic dwarf may be due to an abiotic air-borne agent. 
Mortality and growth loss to this species · has also been occur ring 
within a 20-mile radius of certain eastempower plants consuming 
large quantities of soft coal. New and important types of damqge to 
trees and .· crops, appears · to be resulting from .air polJ,.ution asfjociated 
with our enormous urban development, with stack gases froni new in-
dustrial processes, and with greatly increased -i:lmissi<ms of stack · 
gases from industrial plants using fossil fuels at rates far·beyond -!..._ 
consumption ·only 15 years ago. · · 

p 
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SMOG INJURY TO PONDEROSA PINE IN SOUTHERN CALIFORNIA 

'J. R. Parmeter, Jr : · • ... . · •; 

. . 11X-disease 11 or chlorotic decline of ponderosa pine in the Lake 
Arrowhead.:.Crestline :area · of ·th_e San ·Bernardino Nat::i.onal Forest was . · 
first noted in the · early i950 is and described in 1962 (.3) • Detailed 
description of . symptoms, distribution, and -damage are .included in the 
above_ paper • 

Examihat :ion of roots, stems, and needles fail ed to , disclose any 
evidence that pathogenic organisms · were inv ·olved, · at least -in the 
initial stages of disease development. The random occurrence of dis-
eased trees in residential areas, undisturbed timber stands, cut-over 
stands, r;i.dge tops, valley bottoms, and lake shores suggested tps3-_t, _ 
drought or edaphic factors were not a direct cause. Root or ·stem 
girdling, needle removal, or fertilization with macro- and micro-
nutrients fl;l.iled to affect disease development. Rec:l,.p_r._9cal grafts 
between healthy and diseased trees showed that health y · sciohs remained 
symptomless on diseased ~rees, whereas diseased scions continued to 
show symptoms on healthy trees. · These observations pointed to air 
pollution as a likely cause. 

Subsequent treatment of host branches with ··ozone, · ambient .air~ 
and filtered air indicated clearly that ozone indu ced typfo .a.l needle 
symptoms whereas filtered air improved nee.dle condition (2 ·}; _-1 'l'h.~~-~, 
studies and additional work not yet reported implicate smog·-as ::the :, 

. primary cause of ·x.;.disease. Field recordings and visual observa:£io:Us 
showed· smog levels in timber stands were mor>e· than sufficient ·to ... 
cause the injury. 

. ·Not all trees ar e' s~sceptible to present __ levels of _ozone. Maey 
__ Jionderosa ·pines have shown no · injury, even when branches are inter-

.:' ·mingled w:i,th those of dying trees. In addition, Jeffrey, Coulter; 
and ··sugar J)til~s; ··whi te fir, _incense cedar ·, and big-cone Douglas · fir 
have not shoiib, signs of injury in the X-disease area. . Injury similar 
to X-disease ·' and ·probably caused by ozone has beeri"·reported on ·eastern 
white pine in the Southeast (1) • , 

. . . . . . . ' . 

A~swning th at · 1evels of air pollution will continue to incr ·eaS~' 
wi\h population, ·_and this seems to be a good · as.sumption for Califor~-ia, 
inj'ury over greater areas is certain. Steps ·should be· taken ·now to: 
(aY ::d..etermine)he __ relative · su_sceptibility of c01\~fer<?US species, _-
·(b) the ' 1evels ' of ·ozone necessary to cause injury _,· and ( c) the basis 
-Of ·t:ciierance. With this information in hand, managers can -Khow what 
probiems ·t ·o.-'Jxpect and how· to min'imize damage _in 'ri.itU:re ',stands. 

. . . .. .. ~~i. .. . ,• . "-; 
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MECHANISM OF SHOO INJURY. TO· CONIFERS IN CAL1FORNIA 

Paul R. Miller 

Field Studies - Branches of two-;Selected Ponderosa pine trees were · 
enclosed in cone-:-shaped . polyet,hylene bags. One. tr ee was in the ·· ·• .. 

. advanced stages of decline ., th e -.otl\er in the e_arly stages. One· bag 
on. each tree . waf(s_upplied _ with ei ,ther >filtered a,ir:, pzone at 0.5 ppm 
in filtered ah• , 'br- ambient .air •. . A. ;fourth un-enclosed branch served 
as a control. · Ozone tr eatme nt for 18 days resulted in a chlorotic 

· mottle; · .:t.erminal die-back: and needle abscission on both . trees similar 
to chlorotic decline sympt oms, Ambient air treatments produced a 
similar rel:l_ult but not as severe • . Branches treated with ;filtered ,ffir 
improved th~ir green color and needle '. abscission ceased, . Chlorophyll 
extractions were -ma.de. f'.r.cim ·needles .of different age_s in each treatment 
arid ap!ounts were<eipressed a,s percent ,··of control needle chlorophyll · 
content .. Chlorophyll con:tent decreased .. in ozone ~l')d. ambient air 
trea:tment:;i but incr ·ecl,sed markedly in .the : filt-ered air treatme ·nts . . · . . . 

"' 'Laboratory Studies - Chlorophyll Decr ease - Forty _ ,Ponderos~ . seedlings 
were treated with 0.25-0.35 ppm_· ozone ·8 hours a , day -for 3 months ii{ a 
fumigation-growth chamber. A similar number of plants · were kept ih : an 
identical chamber · in . filtered air ., Air was fi+,tered through activate ,d 
coconut carbon and ozone was me~sured using 2% blµ'fered KI re~gent •in 
an impinger. The mill'.i,gr8:ffis of .qhlorophyll per .gram fresh weight was 
determined ·for each seedling .spectrophotometrically in_ 80% ·acetone .. 
The. mean concentration 'or control -seedlings was 128 mgm/gm and that 
of ··ozone. treated seedlings 105 mgm/gm. This difference was signifi-
cant a.t the 1% l eve l. .,. 
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Ef feet on Awarent Photosynthesis - The apparent phot .oeyritlie .sis 
of seedlings main tained in filtered air and those treated with 0.25 
to 0.35 ppm ozone for 5 weeks was dete rminre. Control and treated 
plants were exposed in pairs . to , 50 .µc of C o2. in f ilter ed air for 
1 hour. The radio activity in the 80% ethanol extracts was counted. 
The results from two such exper~ments are presented in Table 1. 
The degree of suppression of c14o2 fixation was r elated to the de-
cr ease in chloroph yl l content . 

. Summary - These studies h~ve ·shown that .decr ease i~ · chl;r,~phyll 
content of needles is a symptom' associated witti' ozone treatment b9th 

. in · the field 'ar1d in th e Needles · maintained in . carbon , 
filt'ered ·air in the field developed more · chlorophyll'than control - . . 
needles · and ceased abscission." . The ·decrease i n qhlorophyll -in . . · 
laboratory fumigated se·edlirigs was a.sso'ciated · ,ri't,h. a 38% decrease . ,. 
in ·a-ppare~nt photosy'r1thesis _. The primary inir,act jm trees . showing . 

·•chlorot1c · :·. de ·cline symptoms is _ a s-uppressiotj of,j >hotosynth'?tic . 
capa city' which .sei's in ' motion ·many secondary ;pro¢e ·sses :resulting· 
eventually in death '. · . . . . . , . , ..... 

,•• . l . 

. , . ; 

Table 1. The· apparent photosynthesfs ;\~xpresi ·ed as c14of ·· 
fixation .of seedling pairs exposed simultaneously at 830F 
and-· ~2000 f.c. · · · ··: .. -- ··.-

. . ., ... 
I .• 4' 

· · ·.: •. · .. · 

·CPM c14o2·:f _~~ ,~/gram ·fr~sh :·=w~ight __ i'.; 
~b ·of Control Seedling · · ·· .. · · 

. ·- : . . ' ' ,~- -~- . .• .. ·-.:-

·.• :·, . . ·S·eedling . Pairs · 
Ozone Treated/Control 

. : '"' : -~ ., . , . · ,, .. , ·: . 

l 
,., 

'.l 

··t · 
3 

4 
:5 

''.' ':: . 6 

· · c, . 

.··. 

Expe:dine:nt ' l -\: 

. . 
:.. , . ': .. : . 

30. 9 -_ .. ,; 
. , ·- , _·.: , .. • , . 

! , .. 

56Ji 

63.8 

70.5 

74.3· 
' . 

· , 
l · 83.11·7 .. . -- , . : 

mean = 63 .3 
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$PECIAL REPORTS 
·,,:•:·. ·-:. 

. . . 
·DISEASES OF FOREST TREES .. IN .HAWAII 

.. . . . 
E. E~ Trujillo 

"/• .. 
In the last two decades we have witnessed the mos t . ambitious 

· developrliehts in the . s_qienti.fic fields~ · The acq_ompl,islune·~ts in Fore.st 
·'Pathology ·as · in other ar·eas · ·of'r,lant sciences have ·bee_n · remark a,bi.e. · ·· 
Discor1cert:ingly most . of the w'ork in .th ·e field .of plant pathology has 
dealt with the temperate z·one f1o _ra$ while t~ tropic a :).. r-egions have 
received little attention, . . InVE'stigatioriq of .Diseases of . Tropical . 
Forests are few ·and m·os t are on ·forest . tr ee _species ·,ipdispens .able t ·o 
our . mddern life~ A good examplf! is the work ori Hevea 'b:,:-azilensis. We 
have a :wealth of information on this particular specii:ls ;· however .,. if 
natur ·e had ·endo,,ie·d the· ability to· produce latex cheaply to some p;l,ant 
species of the temperate zone, our knowle dge of ·Hevea probably would 
be limited to nothing else but the latin binomiaI-.-T he lack of liter-
ature on disease problems of the tropical forest is somewhat embar-
rassing and could be attributed to limited support and manpower 
shortage •. '.l'he si~uation in Hawaii has , been no exceptio!1· 

The stat~ of H~~aii; 'b;~cau .He .. of i t;· · unisu~i t6pog;;;~Y, has · t .~~ 
richest variety of climate and ecological zones in a r elatively small 
mass of land. This makes for a diversity of forest species ranging 
..from tropical. to temperate,. and from desert t o· alpine, In this -milieu 
so rich and diverse diseases abound. The cooperative agreement drawn 
up . in 1962 between th _e .Pacific Southwest Forest and Range Experiment 
Statio'n and tlle tJnJver.sity of Hawaii to aid in disease identification 
was a niuch needed encouragement. This program ha s provided the founda-
tion for a modest beginning in tropical· ·forest pathology ·research, The 
acc _ompli~hme .nts have been ;few, . but the experiences i:nosi;, :rewarding. 

. . . . . . . . . . ' 
. In 1963 Armillar -ia mellea was found killing pine sp, at ·elevat'ions 
of 3,000 ,feet in the island of Hawaii. Since then this fungus has been 
record.ed ,.;on Acac ia koa, Metrosideros sp. and Grevillea robusta in the , 
islands of Hawaii, Maui, and Kauai at elevations above 3,000 feet. · The 
distribution of the fungus apparently is restricted t o areas with 
cool soil temperatures. 

The nursery problems in Hawaii are of great interest to us because 
many of our forest soils appe ar to be free of pathogens such as P, 
cinnamom,i, thus disease seedlings are the best means of dissemination 
of thei:l'e organisms throughout ·t he forest soils , P, cinnamomi has been 
isolated from pine and Arauc aria seedling s from private nurseries, 
Other pathogens such as Pythiumsp. and Rhizoctonia solani are commonly 
found in most nurseries. 

A very interesting mycorrhizal as~oci a tion between an ect otrophi c 
mycorrhizal fung-us and .. •slash pine has /been· riotTced in the -· state nursery 
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at Hawai:i."~. -.Wbe:rLthe nurl?ery . -soil is t:umigg~ed .,:for _the, f.ir _st -.ii·:µ!_le-., :-the 
pine seedlings fail to develop mycorrhizae and grow very poorly! .. This 
problem is bein g studied in conjunction with soil fumig at ion tests with 
dHfsrent !.materials .. to control damping qff qrgan:i,sm~. 
' . : 

... : -Bo~rytis .cirierea . is ,_a very des:truc{ive sapr9phJ;te under Hawaiian . 
cqnditiqns -;I".D. the nursery _i:t is pa:rticiularly ._.,s-e:r::~o~s on Eupalyptus· ,; 
deglupt,a -w~en -t-he _se~dl4,pgs a.re -topped.. during .coo;t.,.,!11<:?i.s.t ~:weatner .• · _. . 
Sanitation . and prot ective fupgiqide : sprays before gnd .. aft.~r -, topping · i; 
wouJ,d:be .tr:i:ed to control - th (f. problem. _-Othe;r probiems under .:,°;ir;rv~~ti: , 
gat .iop a_re the die back of t!c'opical as h and -·silk oak; ··:however ., ·J.ittle, -/ 
progress has be.en -made on t,hese diseases, _· Five Kortha~seii,a \ spp~ : qi/' 
mistletoe have been described in Hawaii, but the importance of this --· 
parasite remains · to be determined. Wood rotting fungi have been found 
on Acaci a koa and Metroside:ro s sp. Ganoclerma sp. and Polyporus · 
su).:f-:ure<;>us appear :to:. be · iihe _ important basidfomycet _f3S ih the -:w:ood · · 
rots : •. : _. .. 

; -. --.-A.ra;i,1_9~ri~·,_e:r-:pelsa is ~sed _•in -Hc1w~i_{:.for ··'christmas tree · prodµc .t :ion. 
Howe;ver, a.-,ye _ry ,a unde;,irable bronzin g of :_t!le : nee _9-::)..~s. -has ; .troubled t~e ,. 

•.c Christmas .. t _r 9e :indµ~try for S:!;)I'Qe time . : .. --Irwes:ti.gati _on in _ ~oopera~i,on,. ; 
w_it):l,_-;th _e State ":!).:j.yi$q..,on of Fo~_e stry _,Jn MQ.Y,i: ind _i _cates :_tl;iat this w.o_plem 
is physiologic al in nature, The cause i ~_'a:t .tr -i-but_~cl._:!'.<? _higher ; ligh _t . or 
UV intensities occurring in the tropics. Seedlings become bronze more 
read:U_y:-a:t;, hi ~l;l!_eJ.evations th,an, at s~a ; le _velc; also, the ~t_idersi~e of 
the _neepJ ~s -i~ .. aiways- _green whil,~_,_ t,he surfac~ - exposed. _ to -13unlight 
ac-q1,1ires .the _ cha,t,acter±stic bronze __ colorati9n :.- Experiments : pave shol:l'n 
that ~ee.d1ings gr9wn Jn. tne shade :rema.in._ gr-e~n .whiie seedl_ings .exposetl 
to full. : s~p:i,igr,it ,,be.P-Om~: bro.nze. ' · · 

-~h~--.dama,ge•::.~~~&ed-.:by Uromyces : on_ Acacia ko~: ~~edlipg: re~~~~l:'a- _ 
tion deserves our attention. The same can be said for the different 
canker type symptoms found on koa, monkey pod, and: 9ther tro~ica1 · hard-
woods. We expect that as funds and manpower become available m9re 
interest and time will be devQt,_~d t~ _,t):le solutio _~·-of .1t~es_e_pr _ob~ems._ 

-··::- · · : . .... . .. · ·-·-·,·· ·:·· · ·· - :···-·-·· ·· . . . 'T ;· ; ' I.: ... . .. . -
·· - • • • • • • ho ' '"' • • ••• 

.. :r. ! ·.•. 

:· _:_'._"-~_: __ -_: 

. '·"'. 
-. so~ ;F9LIAGE P~E.A$ES_. o:r _ CHR;rsTMAs _TREES_-_iN WESTERN·ivA.:sJ:tINGTmf · 

... :. : · ·_: . ·-- -· 
Jack D. Rogers 

-,-. . -..:,_ ... : ; __ ,·:, -· 
. ; . • • ¥ ··-· ··· - · · . .'. • . •• < • ••• • -~ 

• I • •• • ." 

INrRODUCTION.: . . •. ·t . :· .. 
• . . . . _.: /' • ' .. : · · ' • . l. • . - '. • • ; 

_ , Th~ ,pr:o.duct).on __ of Qlu_,~stmas t ,rees ,in the -!lcJ.qifi9 .·_~orthwest .is _ big 
. l;m~in~s-~. For ex~p:L~J in, 1959 over, J .$ ,m_il;l._ion trees werEJ .cut, , 85% . 
o.£- which w~r-~ Dqug-;J..as"1'.fir · (2) . . A;t.th~ugh ma~y._ of ·these _ tre .e·s_ w:E3re grown 

.. --,~n-_:J~w.i)..d" f.o;rest ,la~cl,p in cqnjun~-bion wit _h :other fq_reptry act _iviti~$, 
' I ) ; .,. :. • 
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a .sig~ificant . z:iumbe.r were grown in plantations under intensive culti'f -·., . . , . . . . • . . .. 
vation . · · 

Christ~as · tree : growers !n~st produce ·a · to p.:.qual ity tree in o!'der . -· 
to get top prices. . Foliage discolorations, ·restil ting from . either 'biotic 
and/or abiotic , causesJ marke<;l.ly :r:ed\J-ce the dollar value of Christmas 
trees~ . · Many_ o'-f" these ,degracri.r..g. foliage diseases · have been •ignored by . 
timbet::.o¾ierrteci"fo:re~ter _s ·:~rjd forest pathologists; · In .fa"ct, some:' ' .. 
foliage discolorat"ions ir.e :q.efinab,le . as 9-:i.se.as~s · inainly because .. Wey •·>·· 
impaa.,r .th e us.ef ulne s s ,,of the pla .nt · a"ii a· Ch:tistma-s tree ·~ This ·pape r ;· . :·., 
surnmad.zes _ prelirnin$.ry rese _arch . o"n :~orhe fungi ~ssoc i ate .d with · foliage -. 
discolora .tions of Chri stmas trees in western WB"shfrigton. · ·- ., ' . .' . . . . . . . . . . . 

..: , . ' · ~'. . t ' 

; ' : : ".f '.:' .. ··; . ·. . .: •· .·'. .. ;-·, . 

Dis :b-~i~~ -~d·.r ii iage ~?~/:d;iilected. l.n :the . ·f ie.W· PY the wri~~!. or : . 
was sent to hJ.m by · collaborators. :Freehand sections of ct·iscolor~4 : .-;, . ,~ 
foliage were examined; isolations :were made. Cultures were initiated ·". 

' ,and intain~d, on t _he following media: 2% potato dextrose plus . yeast 
agar :.($ ·.g yeast . extra'.dt 'per lj,t •er of' Difeo ·. media },, her '@ina.fter :desig;.: 
nated ·PDYA;. 2% ma].t agar '; he~ein after : design ated MA;: 2% malt-yea~\ - agar 

• ,(l)j_fqo) ,;:li.er~inaft .er : <3:esighated MiA Cultures were . incubated at ,.·~ooni' 
.:.t .eii}peratur,~ .. light, ·.-a11d dark; . . . . , . : ': · 

··,. ,.·, Ar1. a£t,empt was: made to correlate '; symptoms. and · signs · ·Ori foliag~ : 
with particular i:rrganisinsi · This could riot be ' 'accomplished •with cer.:.•,' 
ta:i,nty . becatise . th.e manifestations of s-everal ' of: the ·o'r ganistnl3 are ·:in~ 
dist .ipguis ,ha}jle '_inacroscoi;ii.cally. . Whcit 'is . more;; severa .:L ·organisms ·. , 
often were -gr6;":i.ng'·in term 'ihgleci. or, ·at 1east'i in: close · proximity. · ,·.· ... '. 
Therefore, the short descriptions of foliage · discol6ratiohs are meant 

_· )Jlerely as · '.rough guides . ~o the general types encountered • 
.., . - . . . ·. -. . . . ~· , . P~SCRIP'r:IYE PORTION:· • .... 

1. . . Aill'eobai:jidiµin pulJ,uhns • ·(deBary) Athaud · 
Syn. Pullularia pullulans (deBary) Berkhout 

· Host. : Foliage of PseJldptsu ga menziesi_i. . 
- · "fBciuty-: -- Thurston Co • , Wash. . · 

. :•. l . "\, < _. 

. -~ .'.: . · .. 
t'- . ·_ (· .,. 

··•···' 
Symptoms and signs: Formin g discrete black spots on green foliage. 
CommonJY:. ass .ociate,2f .~it h ~phid anci o~her ·_inse. .ct wounds. Co.vering dead 
needles and needle tips with diffuse blackish growth. · 

Cultural and morphological character:i.stfos-: Cultures .on FDYA 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 · d~1rk br'own, 
~.<?me of ·them . thick-w 9lled and closely septc;lte .. Conidia · hyaline : to 
subhya-J.ifie.~-- e.kceedii:igly va:ria ble irt• sha'pe : and.· ~:j:ze~ produced fi"om· :con-

. : . SJ?4,c.\l.6y.i pore .s in Ji;liclc ceti walls .or. budded ' from 1ihin-walled ,h:1phae'f 
p,1.1d.P.-Jng to f o.rrri sec ·on.d~ry sp9re 's . ' ·taF,:ge. dark._c·o1o:r~tl . ·spores :(J.1ch1.amydo-
spores 11), 0-J+s ·eptate; abundant, germ~ating by · producing" ·eonid:bf or : 
givi ng ris e to hyph ae, Y 
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· . . . · .. ·- -. . . . ... ·····. : -

Rerna:r-ks r The. eeology cif . this ubiquitous fungus has ,been ;revievfe9, by . 
Cooke -Tl)" ·There gre numerous repotts of::.A-, pullulans :'behaving -is ·a "< 
secondary invader of inj ,ured , foliage _. Molnar -{4) and others have ·. des ... 
cribed build•-ups of the fungus following insect attacks. Ouellette _ (5) 
has reported the occurrence of the fungus on frost-injured foliage. 

. In we·stern Wa:sningto!}. Jh :_j:i~lliilans appe~rs :tq. . iiiv~de ~phids at1o;· · 
Il!ite ·wounds .. .It apJ)arent1y:-:-:-is not -a primary parasite. 

r,t • • •• 
. . . .. t, , , . 

, 2 • . -Spor,.ott.:ichuni ·sp .. 
Host: .~ 'Feiliage: . of .P.seudotsuga meriziesii. . 
!ncality: Thurston-Go., Was~ •. :_, .... : , ' 

··Symp.toms and ::signs: :Uncertain. :. ~IsoJLated repeatedly f rom ~phi9-.. pl,!nc:t:ures, 
·usually ·'in -association with . Aureob~sidium pullulan~. · ·· ·-... ·· ·· 

· .. 1, .• •. -~ \. : . . . 
Cultural and morphological characteristics: Cultures on PDYA white to 
yellowish J closely appressedJ slimy, cov ering plat .e i-in sev~:r;-al _days. , 
Conidia produced from sides and. · ap ic .es ·· of ·-hyphae, .e:i,:the:r~:-a·.:fi:biiq.s · 9:f ·J.) ; 
usually, from minute spicules:. :--Q,,niciia hy.aiirie; elongat _e or, 0_9ea·s1ohally, 
tea r-drop- shaped, pointed at one · end, (2 )5-1 0( 13) X 1-4µ, ofteri pro .:..···· 
duci:11g 'b1a stdspbres by budding.. .. _ _ • , .. , 

• . •• f),·' ·:· -: . • · : ·~·.-·• · ··· .•.• ·• 
. . .. :· .. 

Remarks: The ro le of this fungus in disco loring foliage is uns:ertain. 
It has been isolated from feeding wounds and from the exterior and interior 
of aphids ,. · ·n · i s probable that _the , fungus i~ i1:1troduced int,o foliage by 
fe eding it is"Eicts~- . ·.·· -- . . .. - ··. ,•· ... 

•'·,· I'.:, . ' .. · . 
3. ???Phoma sp. . , ., 

"} 
Host: · Foliage . .:9f · Abies ·grand.is.-
~li°ty: .. T:hur,,ston :Co., Was_):l. . ', 

r~•' { " •.i ::. · _. 

Symptoms and signs : Tips of needles dead, with a sharp , demarcation 
betw een br,own .. und· gr .ee·n: -p.ortions ··· Pycn idi a eml:Jed9-ed, b~t,_-_par\ially ,a!l,d 
cohs :f)icuo u'sly :_.'erunlpent, from undersurfac e,.of orow.ri,_e.d"p6rti6n qi; ,_nee~l.e. 

... . ... 
·' 

Cult, .ural .gnd, inorpholo.gica 'l char.ac~eristics: Culture~ - on PDYA, MA;\ r 
MY.A: grow:ing rather slowly . (about ·.l cm per .. week), app re sse d, furrowed, 
pink:tiih~-t :an , : ·velvety. · Reverse brow_n;j..sh--,orange; Pycnidia 100-J OOµ i;11. 
diameter, yellow ish at first ., late:r.· dark brown; short-necked. · Conidia 
broa dly ovoid to globose J hyaline to subhyaline , 1. 6-7 (10) X 1.6-5( 8 ). 
Conidia from pycnidia on needles are identical . but average . s ign;i.ficq11-tly 
l arger, 6-10(12) X 4--8p, , .. . ,_· ·_; .. · -, . -L 

.• ! I ,•• • " " t •• 

Remarks: 'l'his fungus appa rently is a primary parasite. The writer ·is 
not en'tir.ely -Con:1:tinced that it .is .3. Phoma, b.ut has ,-been unable .. to f~t it 
ii1to any othe r genus o 

: 4-. Cladosp ·o:riurn he-:rbarum (Persoon) Link 
Hosts: Foliage of Pseudotsuga . ITU3l').Z.iesii and · A hies grand is. 

1 

/ 

., 
', 
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Localities: Thurston and Mason Cos ., Wash. 

Symptoms :artd signs : .. Forming large · strotiata within ··brown portions of . . 
needles, . Corlidio.pho:re.s .:11s1Jally growing from sti'omal surface. ..Some·.,:: . . 

·times form'ihg ' ·a diffuse brownish -or greenish growth on green or dead 
nee1l.les. .. : . .. . . . .·• " -

Cultural and morphological characteristics: Cultures on PDYA greenish, 
with gray aerial myceliliin. near c9,lony pf;!nter, appressed, matted. Growth 
slow (4-~5 cm in ·J' week&). Cohidia . on swe°llings of sparingly branched, 
brownish conidiophores, at first terminal (usually), becoming lateral 
by extension of conidiophore tips . Conidia 1-2, sometimes J-h, celled, 
with minutely roughened wallsi :y~liowish t9 b:r_ownish, varic1ble . in ·. 
shape, but usually lemon .. ·shaped, (5 )10-11:i (20) X 6:...8µ. . • ._ . ·· · .. 

·,,. Re'rnarks :· · It is suspected that C'~ herbartim is a weak .parasite on frost-
injured needles. · Inoc.u,lum pr9 bably' is always present in stands because 
the __ fungus sporula t es profusely on decaying needles~ 

5:. · "-B6tryt"i's · cinerea Per soon · · 
Host: • Foliage of Pseudotsuga menziesii. -
Locali ties: Thurston -.arid Pi erce Cos., Wash~· 

! ~ -

Symptoms and signs : 
emerging from buds, 

,. · 1?l~agi3. 
· .. . : ...... , ·'. 

Sporulating profusely on wa.tersoaked needles just 
Isolated from _opening buds and from frost-injured 

Cultur ·a 1 and morphological characteristic ·s: : 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 .lateral - •· 
clusters of conidia e Conidia produced..f_r9m: :tiny sterigmata:, :·hyaline : to 
subhyaline, apiculate at base, ovate to · nearly · globose, 5.:..13. X 6-Bv.~·:· 
Sclerotia produced in abundance in old (several months) cultures .• 

. . ·. ' . . :·) :-: •' . . ·. ; .. . . ; . ' ·~ . . . 
'·Remarl<:s :·~ 'BotTytiit •cin~re a as : a pathogen of various conifers is c'ited 
· 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 likeiy that the ' fungus colonizes · frost-damaged .foliage and; .. ' 
under' Ijiois-t 'conditions ' , ·a ttacks adjacent · heal thy succ u.Ie1it' f6liage .·; '. 
In ;low · ·areas; · in ,-iet ye ·ars, B~ cinerea causes considerable killing ' 

' of ·eiilergii'ig · 'f~liage in -~estern Washington. 

6. Epicocctim nigruin Lihk · 
Host: Foliage of Pseudotsuga menziesii .• 
Localities: Mason, Pierce ., _and 'rhurston Cos ., Wash. 

Symptoms and · signs: Small dark spots (sporodochia) or diffuse ·:,bromi 
growth on gr een or dead foliage ,. Often associated with aphid punctures. 

Cultural and morphological characteristics : Cultures o·!.1 PDYA .yellowish 
·, · , 

-86-

. ' 

.. '· (..,, ' ;--

I ( 

t, 

.r . , 

.,r ... 

• I ,, ... 1 
•!! 
1:) .,. 



to rusty reddish) . becoming brown, with abundant fluffy aerial mycelium • 
. .tte,ilo~ii:sli to r 'edajsh pigme.iif diffusing ·. into medium often well ahead of 

1 ,' gro..wing · fr9n:t;ie'r' Sporo d6chJa _' scattered . on surface · of ' agar~ '··pr,oducing 
. '. .. conidia from L_trery ·· short ,. or ·obscure · aonidfophores. Cohidia al"so'· pt~:.:) · 

duced , pn iunaggreg~t e·d hyph?e ." .:.conidia ·. (15 )20·:25(JO)µ iri .. cli~met'er/ _'c.·:· 
.:yel .low t ·o brown., . qoade ly r~ticulate · and ·warty . Ori · surface; '·usually- ' ·.'· 
· dfvided · .into seyeral- 1rr ·egula~- ·shap~d cells · by ·promirient :·9epta. :·_-·· · ·· 

• : ' • • 1_ ' : .. • : •• ,, ( _: .-" 

··Re~a:i;-ks°:' : ThH·:· rurig1:15. is 9ften .associated ·with aphids~ : pa~.t~cularly :?· 
;th~ : W9·01y' aphid, Che:r;neii ·6o·oley-i. . +n. se\rera1 inst ances living . a'ph;i.ds 
have ·•;been . :Qb.serv ·ed viith spores -::0.t --·t •~··nigrum ··~t tabhed to ··their · bac~s ;}: 
. It ., ~.e~nis~ l:}k.¢.lY . that . the --:f.ungus· can' .colonize :rr·esh · aphid . purie·t .ffi.''e ·wounds. 
Th~: ·f:upg-qs .. is widespread as : a , .. sap r ophyt .e, on.fallen decaying ·.rie·e4:re·s·;-·. 
thus · :prol;l<;1.bil;Y-, ~:s.~Jtr."ing:'..a:.r:e~dy,'~:upply·.9t- _inQ:c1J.:tVP,1, .. ·'. ' ·, '·. ·:., ·,<·--. 

', . ·. - . . ..; .,. •, , .. ,• - ... .. · ' . . ' •· ..... :.-.· .......... ~,.•, ... '.·, .. ·.\.,, · ;• :. ;.',; •: :' '.', :' ·. ·\ ·t:· . • •· •• \,. , ' · • - I 

7. Phom;p ·s-is ·sp·, . . ,·. •: .. : 

Host: Needles and leaders of Pinus nigra ~· 
L%a1.:it,'y,:·.: ··!fang Coo; :wa:;;h·. - .-.-
··· ; •.... . . ·: .. ' . . ., : . . .~; .= · '1 ' . _,.;_ ' .. ; ·,· :"":'-

•.~~,~-;Symptq~~ •.and . s i~t.td~; '." Pycnidia ·2erufripent .. from · .l?ark of le ;adet~ .. a.nd. p'±-·6·:..;~ 
. ·'' frudi .n~: from slits }:ti need l~ 'ep~d~:rmis; Needles reddened and brittle. 

' , 

M¢rph9logi~ ·cli :pharade. r"i.stics( . Noti cultured~ ·Pytni di a ·shortL1{Jckeff:, 
up to 300u in d'.i:arilete'r ~: Alph a' ... conidia po inted at :orie. enf/ . r otincf&d. ·at 
the other', 1- 3 X 5-Bp. Beta conidia J:-sh aped to crescentishaped 'tb '. 
almost stra i ght, 1.5-2.5 X 0.2.5-:-1µ. ·,, 

Remarks: . Phomops i s sp. appar .ently . is a 'pril_nary pathogf:ln, The plant .~-
t-ip'n :.}.i.n.ef~' .. i.t, .. was ·.t.0und wis· over gr'own. with weeds, ·~ppare ·ntly --:c~eating 

•,--:,a::j'av~rabJ,:e' '_hiois-E' .. ~nvircitiment · fo:r the fungus ~ . Pit:ius · nigta j.s .,h6t ' '· 
grown to much extent in W?shington. . It is n9t kno'l-m if . thi s:··•Phomopsis 
is ~$pec,if'tc. f@f Po.)l igr ~ .or ' )t,: it :"°i $ a :s·pec"ies 9rdinarily · f~und · on '• 
sotnkot,1).~r;. hdst (s). •. More f:i.mga1 material .anct· eXperiments would be ' . 
necess ary to det ermine if the fungus has been ' ·desci-i~ed ·· (sere Hahn; 3). 

nr~cus~ .. roN,._.-:.:_ ··.; ·:, . . ::, .. , ·: ·i. · 
. ·, : ·_ ·. -~:~ /~ \ -· r · . -~ · ... : . .. . . . !' • . ~ · ; 

The pat.hogenic . a·bilities of norie of . the· ·rungi d~sctfbeid have been 
proveil~ '.· ·i~fo~?g.is al ·'.stud~~B_.1:~p~t~¢':~a.:tlY, ~n?C·U~ti? .n, ~tudi~ .~./ ,arfl · .: 
needeq ,> ,--Co~lectiveJ:.y,_ ·these fungi ·are ass _.ociated with .a great deal' ·of 
foliage dt_1colbrat:ion O:f:.:qiii-i~t nras 'tre 'e~-. . Thus, :pathogenic{ ·~r not, 
they mus.t be consi .dered as economicaliy important to a gr.owing indus-
tr°y . ·. : '" · · · · · ; · ; · · · · · · · ' · ·, ' 
, . -· .- . .-:·•' .. : ' .. 
., Th~· .relat 'ionships betwe·en ins~ '~ts ~nc( cert~ 'iri -of the 'se fungi-
Aureoqasidi)l!ll pullulans, Sporotrichuin sp., and Epicoccurri ·nigrum- are 
:ri~t ~I~ar, ·. It se~ms proba hl/,( .th:at .. they .can col<:m:i,ze ·insep t; ' feeding :_' 
wounds o In addition, it is known th at aphids ·tran .sport spor~s . of E. 
ni grum and r easonably certa i n that Sporotrichum can be '-f>orne within 
·•.the.·~ ins ect.• .: .A u;r:e9:ba:#4 i ;um · ,p;ul],µ;J.;.ms might -well b<? ca,rrie!i) ?Y ·insects, 
externally and/ or internall.:,f'_~ .. ;St'e~cius {7) ha$, r.ev.i'ewea :·sonie of the 
relation ships between insects arid . fung i . · , · · 

········-··-· ....... ··········-······-··-··--·- .... .. .. . I - . .. , . . . . - .... . .. . . --, 
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.. . 'It -is apparent that. a §igriificant· :ainount ~of ToliagEi dis6o'1.orati6ri 
of_ Chrt~tm?s tfees' is . owing . primarily to insects ·. · Growers as~ume ' thft, 
on.ce the insect has been 'removed : from ' a plant' there wili ·bei"'no :t~ther . . 
problem }. : They, '. therefore ·, _spray · f"o:r;-insects; · 'I?arti:cularly aphids, · .. <·.:. 
whenever ' it ' is :"6ori.ven:i.ent. Often, the aphids .have Ted for weeks prior 
to control .eff prts _. Thuif; foliage often · is riddled with feeding wb~ds., 
sometimes : alre~dy ' tliscolored by ·other . organisms; by the time sprays :. · · 
are applied~ The grow(;lr becomes worri ed about these needle _ discolor<,i-
tio~ , imcf f>p:rays, ;ind is crirniria teiy-'· in h9pe·s that the.y 'wiil miracul6usiy 
disappear ? ' 'In ihe: mea·nbine ;' -iris ects in other parts of hi 'ii holdings •· ., 
~re· i'ghoreif;; : ~r6inpt.\'aphid c9'nt·rol· wil l significantly reduce foliage :: · 
\{i.scolorat±on. of chr·fstmas trees' ':i.r(,iestern Washington .. It ·is ' to be ' ·'• 
strei'ssed '·that' A~ 'pullulans 1 Sporotri'chuin sp., C. her•barum/ an<;l E;: · · • . 
nigrum are cosiiiopolitail':- 66ntrols must be aimed at ·minimizir)g . port 'ais of entry, not at the fungi directly. . 

Damage from Botrytis cih-e·:re~, anot her cosmopolitan · 11pata~it¢ : ·bf·:','.. 
opportunity, 11 can be minim:lzed by avoiding frost pockets and :fog:· bot ::..~ 
toms, .sites · which also favor the very damaging Rhabdocline pseudotsugae, 

I•, • ;· • •: .J . . •' ' • . . ••· .. •: -.. : . . .• 

It remains t,·o be seen if the . Phoma .(?) is widespr~ad in it 's . 
occu;rrence and d13-~age •. If so, its disease .cycle 9hould be elucic::lated · 
in order thaf effect:iye controi measures: tie: developed. _ 

. . : · . . . . . . ' . . . 
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TRANSLOCATION REUTIONSHIPS BETWEEN MISTIETOES AND THEIR HOSTS 

·: .. -

This is a summary of 4 years work on 11T;ans 'loc~tion Relationships 
Between Mistletoes and Their _ Hosts. 11 These studies , we~e on . ,8 dwarf 
mis.tletoe · infectEl,d _}:l:o~:ts :an:d-_;;m 8 gre~n mi_si:,letoe in;fected W.osts. One 
of :. th@ hosts ;,(whifte: fir ;; Abies con-color) . was · infected with . ):,0th 
AI'.p:~ut}:lobi utn :campy lopod u.nC' and-:-Phor adendron bolle ~mum var : pa u..cit lor°iiJn. 
All .01" the ! -tests · were ·· conducted ·in natural habit.a ts • .. 

. • : 1 •• _,:;' •, 

~·. The dw~rf "mistlet oes arid hosts . ~~-re \::s fo-iim;~ . ' ,A_rcButhobi~ -. 
·a)hericanum on . Pinus murrayana; A, campylopodum on P~ s·abi~iana, A • 

. campylopodum on_!'._, ~-~bertiana;-~. campy~od~ on"11., ponderqs?-, -!· 
:'. carnpylo-podurrr-'on ' P . monophylla .;- A, campylopoaum· 9n ·p, jeff:rE;iyi; :A • 
• . campylopodtun on A bies~:-'to:nco"lor ; -and " A-:C-ampyi'opoduin .. Ori . A• ... : gn:if:ica - ;-~ -----~ ·:···~ ~ -- . . .. ·. -- , ' \ . 

. . The green mistletoes and hosts w~re as fo;l.lows: . Phoradendr~m 
.· . . f :lav.escens -vai:•. villosum on Quer ~us wisli?,en;i.i; · P~ .:Clav escens var • . ,:: 
.. vi-llo 's"lmi on · Q'.;;ke'.tTo"ggII; p-/"11avesc~ns-var. villosuni ' on Q;,. do.uglas:i:i ·; 

·· :: P. flavesce-i-1s':.v:t:ir=. rilacrophy.llu.--'rt" on . Jugians hiridsii; P. 'bolle .anuin-var. 
densuni on· .. Cupr·e-s su~ · macria biana; P. · bolleanum V?r, pa_ut:.:iliorum , ·on A bies 

· :,:oot1colcir; · P . .. _ juniperihum va:r . libocedri on · LibrpcJdrus -deturren _s ;~ 
:;,. ·jiiiliperinum · var '·.· 1ligaitim on Juniperus occidentalis ,·· Uninfirct .ed host .~ 
;_· ·were also" studied for _ compafative purpbses~ . _· . .. :. 

· · .. The_ labeled ~se _d in th~se · studi~s were ·as f0ll~ws: C:i102 
';:'.Jout·_cof ~li.i,ch l~~eled · -P~to~yri.thate ·wa~ /~!med · ?f}~f sxpo~~r:e tq /~ayes 
·-::m,·sw:is~~ne_)t servera_l C _,,.J,.abele4_~~rbic 1aes ·-(2·;4.-D_; ·2,4~5:"T, amitr<r~e; 

atraz:u:te:, •, paraquat, :·maleic _hydraz) .de);. C .. labeled urea; pJ?o4, _?,.~d · , 
s~So4-,;·: -label tvl3.s appli ed to host "foliage) ·host bark; : cuts .. inJ;he _ stems, 

· and · _ri'ii§tletoe shoots. ···· ~ezj~lts_· w~re .. obtained by radi9aut(?grapl}y,. :;counting, ' "') 
and :cliromatography .·· · About 300 _.tests were · cci:p.4ucted·. ·. -·< ' _ • ... . . . 1 

, , 

. ,"/ ~;~ \ ~~ f~l;i~~e ~~s· ~.~; -a.te ·ci ·with : _?14o2, .labe1~d •pq~t _:~yri~ha te ':.;, 
·migrated downwa-rd:,' with -..an appreciAble accumulatJ..0+1 of label:i,n 1'11-~-_, 'J',.. 
epdophytic system and aerial shoots of the dwarf niistlefoes. This picture I"' 

held · for all of - the ,infected ho.sts and for all seasons . pf _ ::the . ye_ar , There ,i ( 
~was no evidence :·of ·any blo9ka 'ge of t"ranslocation 'by the .erid,ophyti~ system 1 r 

··:exeept occasibna1ly during th_e· . .-~:unnnef}perfod; the :qlp :ckage or ·inter':f'.i;irence 
. in .t -rartspor-t ;·a.-ppeare"d to '.Be . due to the food requi:r;ements of t he · 'growing 
host ,. shoots - and the ·dwar.f mistletoes, lea-ying no extra - foocl. ·mate.rial to 
be moved to the base of ·the <stems. This same interference ·occurred in 
one instance when the dwar-f mistletoe infection occurred- --6n a defoliated 
side- ·branch; -much of the <labe1 was directed iiito this branch wh1-ch · 
re sulted in the basal · portion ·o.f. the ma·iri ·'s"teni'heing · unla:beled '~ · .. 

- • : i..' . 

Seasonallyj translocation .in dwe,rf mistletoe infected hosts was most 
. rapid . ."dur -irig the ·'winter ··:an:d'. ~pring period Qefore shoot growth had _. com-
. ,Ilienc·ed and .. slowest afte:rt the 'sh,o6t-s· had ; sta ·rted to grow, rein,s°in:J.;rig· slow 

auri .ng ·the · \n.immer and· ·falL ···,: . . . . .. . .. . 
I 
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.. 
The dwarf mistletoe shoot s did not translocate any photosynth ate 

into its own endophytic · .system or into th ·e host at any time of the 
year or by any manipulation of the hosts to raise its food require-
ments (such as by defoliation). 

. ' . 

Amitrole applied · to the leaves of Abies concolor migrated int,o 
:the dwarf mistletoe infections to 't,he greatest ext ent when· the · leaves 
wer~ ~overed

3
~ith a ·polyethylene · bag·_ to create a conditfon of high _ .. , 

. :hunp.di~y. ·. P . · 04 wa_s a17~orbe<l _a_nd . trans _l~cat~ _<l to ._.the . gre~tes _t, ._extent 
when the leaves (Pinus sa biniana )· were ·first ·-severely $craped ' with · a · . 
razor blade. · 2,4-D, 2,4,5°-T, atrazine migrated out of f!.bies concolor 
lea _yE:?_~' ori]_,.y :sJJghtly. . ,. 

·~ . . . . . . . ·: . 

··Hei_-·bic ·i~es _ wer 'e · abiorb~ 2r b~t . poorl y through the bark; : however./ . a:n 
ester. of ·.2·,-h,5-T. applied in di _ei'sel oi;L was. absor .bed. ·;i.n 9 ·months/ a··ithough 
no-ah~iorptfon appeared to have occurred }n .2 weeks ... · . . . . . . - . . . . . . -. . . . . . . . 

l4 · By _fa _r:· .t_he mos.t effective ·.meth od of applying all materiais . (e_x_q~pt 
C 02) was · through cuts in the . stems. ..:Th_e most f;ruitful stud:i,e~ w.ere 

:C_Q~d~cted:· w~th P3,~~4 _:_ari4_ s35oL / _ The tr cins:I.ocatiop f?llo-:7i ,ng such .. treat-
!T,lent was upward, ' with .downward mov:-emen~ .. gener.a;tly being interrupted · ... 
by a ·: g·iro.le ·; .:howeve:r,' :ln · some· ·cases, . a girdle di4 : nqt prevent movement 
.through ·. it .~/ ' The :dwarf . mis.tiet oe:. endopllytic ·-sy_stem and .. ~er;i.al ·shoots:were 
well l~l;le:Led ·by .this 'procedtfre; . however ,, __ ~her~ . was apprecia):)l~ . vai"ia.:tion 
in the labeling of dilfeI'ent · Parts of ·an=· infection; · .~-. ;~. 

.. '· f1ab1:11·ed . herbicides applied to"· 1war-f·mi stletoe shoot-s did not enter 
: the : .. endophytic system ,; Further, p3 o4 applied : to ·-dwarf mistle~oe shoots 

1 -did ·not gener .ally enter the .endophytic ·system or the 'host · tissues. · 1 · 
. ·Howev;er,; :-in several 'instances; pricking the ·shoots with . a pin ':i:mm'edi--. 

: :, =ately , be't;ore application of the label did result: in the labei entering 
: .: ·the _ho,s:t»· . In 2 cases, the ba·se · of ·the mistletoe shoot .s were ' f·frst : ·: 

steam-killed before adding the p3204; this did not prevent the labe !l 
from entering the host • .. Evidently, in the few cases when label did 

~: ' migl'$te .from: the ' aerial shoots into -the hosts,. it occurred ·iri the non-
living ,phase .or ·apoplast · • .. · .- · · · · : 

.",'.::_.. : • • .") I • •• •. 

c,::_ ·,;_:... ,. --'·Ph9r:aden~on ·,inf.e-cted hosts translocated lab~led photosY?~hate ' -~ 
:·,.:-,,:·m·uch-:the . same way as did the At'ceuthobium infect ·ed hd.sts, .:except ·little 

./, ·:·.·_.i£ .·any32a,bel ent ·ere~ the mistletoes~ -~ similar ··result .·w~s _eipe,_rience~ 
. :when.~P •O!J was appl:i.:ed to the host foliage; although a limited : amourrt 

·· of -_'label "did find -,its \-ray into the mistletoes. · · •· , ·'. · · · ·· · 

.. : ·' -~~n : P3-.204· ;~s :a~piied to ' cuts ih the st~ms of gree1:- rid.stl~tof 
infected hosts, the mistletoe shoots became· highly labeled~ This was 
the most e.ffective -method of -introducin g label -·into" the green mistletoes. 

• ... .When c14o2 was . applied to the . shoots of the green mistletoe, 
-1.abeled photosyntha .te migrated downward _ into •.its _endop~yti~ sfstemfbut 

•·.,only traces '. of . la 'bel entet'Eid -the • host stems . The -application of p;:,204 
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to green :mistieto ·e · shob.ts gave resul'l:,s that w:~re similar to that of 
photosJ'llthate> - :rn a-: few cases$ some .p3.204· did migrate from the ··mistle-
i;.oe -into the , hosts; ·but -· these 'were ·exceptions • .. _ :-· 

.,_. ;· . 

. Ho·st-le~f f ree ' green m;Lstlet9e . infected,.l;>rahcr1es ·.,were fo-qnd to ., 
obtain their ntitritlfln · eptirely from _other host branches • . Wh.en other , 
branches were -fed C· .:. 02, :·labe ·l:ed ph~tb'syn,thate entered such branoh.'es· .· 
in high concentr .~t i on .bJ.rt on.ly low·tevels e·ntered the greeni}1istleto .es. 
When ·the green -m1stletoe . sho,oi;,s on such branches were ;fed .c .. 02,: the · . 
photosynthate migrated into the endophytic system with only tr a_ces of 
label enter~ng ·the ·host. ,: Sim.i;Lar res~lts were obtaiped with ,P.~~04, 
except the ·· results were not as -clear-out. \; 

Photosynthesis and respiration experiments were conducted on th~ · 
shoots of both dwarf and green mistletoes; · It w·as found that the 
dwarf mis:tletoe does not manufacture sufficient photosynthate to take 

._p~re.:.o.£-·'i.t:t o:wn --r.espi'ration reqtrirements, . · However, · the gr ,eep mis_tletoe 
t .a¼eS ·eat<~_. 6f:: ~t·s :_O:tm :respiration requirenie 'rits at a .ltgqt il)~e:n.s,ity , q.f 
800 <foo-t .:candles .c;and ·ma·nufactures food · in e:x;oess of ._re spiration r~qu:ire-
me~~~' wher.r :.t_h_~-~ light ·Jntensity jls greater · thari 1;,tiis·. .. · 

, .. ~: ····:. ' -.' ·.. ·. . · . 
. ,'•· 

.. _\,. . . . t ' 

ft:_ SAPWOOD STAINING' FUNGI rn THE GENERA CERATOCYSTIS Al%) EUROPHIUM .· 
' ··! : ·: ·, .· : 1 j 

: 'Ross W. Davidson . and Robena C·. Jeffrey :·.: 

•:-This: pro ·ject; ,whI.ch .. ii ~upp¢rt,e~ by the)fational s~:±~n·~;ej·ounda-
tion; was started ··in the · spr:i,.ng of 1962 • and ·.~iJ,:l ~cont!l11ue::-t,.6 ·.'~urn. 196.6. 

· The principal objec:tiyes ·.of tpe Pf~j.ect are. to ga-in . tnf~:r,m~ti6~. 
·•iOh the _. distribution ' a:nd . p~eyalenc~ .of . :blue stain , ftµi gi and.: qotai~ . cul-

ture ·s;,-':t'o,r · .. detail'ed laboratory study. ·rn the -.· summer .. of 11962.,; collecting was .. conchict~d · iri . the nortliwest United . States:; Idah,o, wa·shingtori .. 
Oregon, and Oal:il'ornia ••. · In 1993 collecting l'las in tfre east,er 'if _'[Jnited 
states; Georgia, North Caro lin a, Maryl and, Virginia, New ~Y-ork,-'.-an~ New 
Hampshire .-< In _the · past ·-swnmer, collect.ii;i g was coricentr .ated in New 
Mexfoo ·anc:FAriiona~ Travel is by automobile_ ·.art~ small, · house_.,trc:i;iler 
and ext'ertds over a perioc;l o:( about two months durin g . eacfr -~uinmerj· ·from 
about June 15 to August 15. .. ·•·· · · 

• -> • • . . ' '. , . .. .,,, 

.. _. · .. ····These collecting excursions by the senior author have \;)e'en· . 
supplemented ,by-:more intensTve collectin g in the vicini _ty . of .. Qal gi;ry ., 
Canada · from io'dgepole; .. pihe ·by ·the · junior a-q.thor a:nd by-··co"l:lefot±ng· in 

... Colorado befor-i:i ;June 15. and after August 15 during each suinmer _period. 

· "' '· . Laporatory .,studies are made of the cultures during the fall ''an.d 
winter. ··of · each ' year ·. . 
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. It •wi11 _ be :remembered that all c;>f the . species o~ Ceratqcystis ,-_ 
9:i' Ceratostoma -ta'ceae, - i:ite disseminated _ by , ipsects. .Thetrefo re ·, . . : . · 
collecting has been in are as where . . bark :beet:Les are most p_re:v:alEiqt". · · _ . 
such as lo gging areas , and from tr ees recently killed by insect attack --
or _other ·causes. · SpEitimeris mu:st be collected "{ith i n one year __ to 18 
months a-f.t·er logging ·of after . initial.invasion by:,~nse :cts for _most . __ . 
profit abl'~ isolation · r-esults. -_,A:lso; collecti~ . should .-be condu9~e~ _·_ ·-: 

. before ' trees __ o:{logs have become thoroughly d:rt~si oui;,. Isola\ion , -'. __ ·_ 
shoiild be {!iade from · specimens ll@lediately, b_efore they -have ·w:ted '·out~ -

_.· · . 1', . " . . . • 
. , . . 

--!solat ·ibns -are· made fr om .ba~k i~ sects , , f;om _ f1111gus .fruiting· ' .· . . · . .. 
bodies in the insect galleries of ---the bark o_r sapwood, or 'from.· · ., .. ·.,_:. · 
stained sapwood. . 

:· :.:: ·. . .. . . . ~--- . 

RESULTS ·OF' STUDIES WITH GONJFERS .. · . 
• ; • •• • •• ; : ·· t 

.. . In spe •cies oi pine ·b~th in the ·-east and in the ' w:est, Cetatocyst:i.s · 
ip ·s . (Ruriib, f C." Moreirn. is closely .associateq with Pendroctonus _ ·and Ips ·: 
spp. ··bark ibeetles- ·. Perhaps -this fungus .is most typically associated ·_-.f 
with Ips spp. beetles,- but · in .the wes~ __ especially; · c. mo:htia•.,_(Ruinb .• ) ' 
Hunt which has usually been isolated from Deridroctonus, seems 'little ·· 

---.. different _i)'QI!l . C. ips. Another species almost const antly associated 
with Ips ·spp. - i'npir'les ·is the Europeah ·speci ·es C~· minuta(Siem.) Hunt ., 
It is usually present in gr eat abundance along with C._ ips. There are 
sever?l forms of C. minuta which may be _described as-distinct species, 
such ·.as .on.e . with white peri:thecial qase and black neck . and an all'."'.white 
perithec .i ai form. , Ali have ·-the cha racteristic filiforrn ascoSpbre ·s ·which 
are forcibly ejected. in long· hair-like . or sp_ider web-:-:Like filaments • 

. Frequently a lar ge perithecial Ceratocystis has been collected 
. fr .om .b ·encµ-octohus :gaile:r :ies . -:in pines ,, especi _ally fr~~ w~s:t-ern. .. white 

-. -·p_:i,nes'--a:ttacke'd. by D~ montic0 _lae and occasiopa ll y fJ?oin lodgepoJ,e anq 
ponderosa pines in-Canada, Colorado, and Arizona. ·•one culture ·was · 
aiso o_bta.iri..ed · from easte rn : white pi.rie • in N~Y • . state. Ttts is . 'the 

.::·sp~c:i.es_ .. r,eceritly described as Q• huntii . Robi~s9~ _ in -~he :Gan • . J. Botapy 
-·.·,in _· JUn~; ,_1964·.-· ·This . species has a Leptographium .,or .-,Vertkj_c l ad iel],a . 

:µnperfect ·st -~ge. , It '-is not :known whethe -r it is acbia lly cavrie ·d ·by _· 
. ,D.endl'oct6nus •:. or . by, some closely-associated -:3econdary . in:3,ect, · 
: . ·: . ·:.· : t: . . . . :. . ' . . .· ' . . . . . . . . . ,_··· .' . . . . \ . 

_ .· ·rn inart.y ins ·t,"anc·es ot: isolat,ions frqm ba~k beetles (Ips and .. 
Dendroctortus } from ·Pines, mixtures o~ fungi have resulted _ hut . ~oth C~ 

·: ips ·and _G~ minuta have frequently. been obtained from ' such m;i.it,i,.ires .-: 
- - --- • ! .; • • 

Isolations from stained sapwood of trees attacked by De~droct.-oiius . 
have often contained sp·ecies of -Leptographium of the sub _ gro~p 
-V e_rtic.icladiella; This is true · even · where C •. ips-montia ha.ye be.en 
isolated - from the beetl es ·. S1:1tb w:ood is _usua .ll y stained a. very dark 
color. Such cultures have in the pa:st ·not been identifiable to species. 
However, some progress has been made with this · group sin ce Parker (1957) 
described a fungus with a : 11perithecium11_ which :he _pli:iceq, in a 11ew genus 
Europhiurn. The present authors have three apparen.tly n~w ·spec"ies o-f ... . .. 
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Europhium -which riiay be separated by characteristics of the iriipe:rfect 
stage ·; : These three, a long with E. t:r:fnacrir"orme, C. hunti:f; .-·a11d·-·c. 
europhioide ·s Wright and Cain • (19'61) give · us a start towcrrds a 'better . 
knowledge of this interesting but difficult group of -staining fung;i. 
We continue to isolate strains or species of Verticicladiella which 
·cannpt :be..·.d.e..f.initely identified to species (some work has beert done 
by. Kendritk -on these ' imperfect f orms (Kendrick, 1962)). Ceratocystis : 
europbioid~s - mentioned , a·bove has been obtained · and identifieci '.:-during __ 
this. study from Ifougl a-s fir. . . · .. · · 

Ceratocystis ·minor Hedge. (C. pini) has been isolated frequently 
from.':coni:f ers , (pines, spruces, aiid firs). It was earlier reported as 
associat"ed with De.ndroctonus in pines in the eastern U.S. -and :.f:rom , · 

. Iieridroct~nus in ' Douglas - fir in the 'W'est. During this .. ·stu 'dy it -has been 
observed in ,iassociatior1 with D. pseudotsugae {Idaho), ·n. ·brevfoomis 
(Cal:Lt;oi;'nia) and Do jeffreyi -TCalifornia-Y:--However, it is : so · _fre _qu.ent.ly 
obser .ied. :in ·.Douglas fir _, spruce, true firs, and conifers in generai, · 
unassociated with Dendroctonu s ·th at i ts true carriers a:re unce:i'tain. 
Perhaps ,.ther~ ar~ distinct strains of · this species which are ·consistently 
associated with cert a in specific ins ects but at present we have ·insuf-
ficient informat:ion t o make any separation on this basis. 

·· More intensive studies of subalpine fir "in · Colorado have shown that 
the fungi describ ed by Davidson in 195.8 (C. penicill a ta (Grosin.) · C. 
Moreau, C. nigra Davidson, and C. bruhnea ~Davidsnn) are · ·cormnoh in this 
tree species infested by bark beetle s (Dryocoetes and others) both in 
Colorado and in northern New Mexico, and Arizona. : Howeve_r, it is now 
known that C. penicillata from this host was not correctly identified. 
It J..s-. currently considered to be- an undescribed species and has been 
collected ·coillmonly in •· Engelmann ·spruce . as, well -as in subalpine fir in , 

_ the three states mentioned . above. Superficially, the specie 's · is similar 
_ ·· .-in · pt3r-ithecial characteristiqs to C·. huntii in -pines but ·-' ascospores : ·and 

, ·_.· =_; :· _-· con.i1ial stages differ considerably . ' 

• 

. Quite a few less · common species of Ceratocystis from conifers have 
been isolate~ and. studied. Some of these are C. cberule ·$ceris (Munch.). 
Bak$hi, C • . pil;i.fera . (F::rie$) C. Moreau, C, olivacea (Mathiesen) 'Hunt, 
and · c; , p'icefl.·--(Munch) Bakshi ·. · A number of apparently · undescrihed ' species 
have~also been studied and descriptions of these are being develOR!:ld• -

-· . .. ,:· .. . · .,. : . ,- '· 

RESULTS. OF ST"OI)IES WITH HARDWOODS .. , . :-· . . .. -~. .- ·, . . . ~. : _: 

The hardwoods have _ not been -studied nearly so thoroughly a~ -have 
conifers put many of the ·common species are a;L-r'eady known. '- In g.eheral., 
insect carriers of the hardwood species of Ceratocystis are known . 

. . . . ,_ r . . :. . . . , . . . ·- ' .: . . ; . . . • - . . 

· One culture from · a·ri . oak log in Mississippi has been described ·as a 
new species C. megalobrunnea Davidson & Tool e . Anoth er, from Ne~tria-
like ·c'anker~-on aspen in Color ado", New Mexic o, ahd A_r;i.zomi' has been des-
cribed --tmder the name· of · C. tremulo.c.a1.1rea Davidson &. Hinds • . "These·_ two 
should ··appea:r · in Mycologia lat13 this year. . ·,; . ·0 
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. . . · C. f:i.mbr.iata El l. · & ·Halst has also · beem isoJa ted frcmi :c-~n-ker~ :;:on 
ai:n;>"en-by 'l'omniy -Hinds_ •a nd · du:ririg the -·present study ·as ·well.' rt ·doe~;, 
not ,fr ui t :commonly on aspe n . cankers and in ·fact . perithecia · of .ft 1-tere 
observed only onc e during these stud i es . . 

.. ;i: am familiar. wi tb hardwood · inha bit in g species of Cer ato cyst i s -
fr.om -st udie _s :at. lumqer . mills in years past . The common species a ve ·C • 
moniliformis (Hedge.) C. · Mor eau, C. coer ul e.scens, and C. · pluriannul ata 
(Hedge .) C. Moreau. However , these have more recently-been collected 
on cut log$ or pt umps in forested areas . They ar e appare n t ly . common 
in _ the _ southeastern : U. S • north ~ard t o .New Englc!rid and the . Lc\ke St ate s 
area .. although ,more intensive collecting is ne eded . C. coerulescens 
(C. vir.escens as ._ previously .described) ,i s ·fairly common in maple 
st a_nds . ~s . .t_h~ so-called "sap streak" but is -commonly pr.evaieint --on fresh 
cut sap-wood _of m~my other ha rdwoods such ·/:ls· beech ·, oa ks, and gums.- ·, 
C. f:i.mbriata causes , the canker stain ,of sycamore tr ees in t he east .• 
1;t has , seldom been collected on wood su rf ace~ othe r wi se. Q. f:i.mbriata 
. wa::1 recent .ly reported from cankers of aspe n in Canada and the Lake . 
-St ate s .a re a. Its exact re l ationship to canker formation is not too 
well known • 

. .. ·.· µisect carriers of these hardwood species are riot specifically 
kz1own •. ,)3ome, work _ llas been.. done in a n attempt to deter mine carriers : of 
.th e . oak wilt fungus·, C~ fagacea;rum , qut few attempts have been made wi t h 
_.the other species . except in the case of the . Dutch elni. di sease. 

·soME _-PRoBLEMs . FoR THE FUTURE . . 

The studies so far have been main l y with the more common and wide-
spread b~rk beetles _such a s Dendroctonus and Ips. Other minor . bark · 

, beetles .haye also been collected ~ut wit h only meagre infor matio n 
obtained. Several ·species 'of Ceratocyst i s have been reported in assoc i-
ati on with ambr osia beetles s uch as C. brevicollis Davidson with Trypodendron 

. ,. in aspen • . Ambrosia bee tl es have frequently been :.encountered in conifer 
. ,. ,'tf.e~s or. l ogs :. in :cl6s ,e association with bark beetles. · In s uch cases the 

o:rdimry .·~oo:d~;:,tairt in g flmgi _ were a;I.so _assoc i a,t,ed, -confu sin g to · the . 
___ .. qtiestion of cfe-finite association. In the . surpmer of 1963 isolations . 

· were made from ga ileries of an ambrosi a beetle :Ln a hemlock "stump --in : 
New.York _state • . The culture turned out to be a very striking species 
of Ceratocystis which is undoubtedly undes cribed. 

i q 
' ', ,,., ( 
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There -are also a number of speci _es complexes where intensive studies, 
both phy:fiol ogical and morph ol ogd.qal , are needed • . O:ng of these is ,.the f 
C~ minuta group where there are sonie mor phological d-ifferences and . 

· probably physiological · differences also . Another is the C. ip s - c. 
montia - . C •. bicol or Dav i _dson & Wells gr oup . In this latter gr oup there 

.. c!re . inst ances . of a ll-wh ite -pe r ithecia . and a],.1-white cleistothecia. 

Anoth er is .the c;, eo~~ules _cens .. - c .. vire s.cens group in which case 
£• virescens Davidson is co~on :only -.on hardwoods -in the eas tern st ates 
and C. coerulescens is conrrnon o·ri Douglas fir sapwood in the northwest. 
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Th~ Douglas fir fungus requires low temperature for .growth in cultureo 
Reoently intermediate or ·· other forms have been encountered ' which seem 
different in -·some morphological _ and cultural characteristics • 

. _;_ :_: . .. . 

Additional studies are also needed to more clearly define the 
speoies limits or relationship between . such species as Co pilifera, 

. :.: .c. schrenkiana (Hedge. ·) .G• Moreau, atd Co pluriannulata: 
--- ·~· - . . . . ·. . : - . 

; ,,:_ir:, " :. 0.Besides .these special specie g··complexes mu_ch :mo.re informati:on i's = 
needed for most of the species encounterede ; ·How can they be 'grown· so~. 
as . to insure good perithecial production? How can they be held in 
·:t>~~:_-~~~t~~e :over long periods . o~ .. tiin~? :S.()l1le species .· do t9_t _ dev-1:llop 
perithecia even after one . summer in _. c.old s_torage .-· Many'wi':ii peter 

, I . ou~ ,~:er a period of three to te~ ::years . -1.~. 

- ·-·-- · ······Another need is for 'i'resh isolates ·of Europea ri ::a~scribed species 
for more accurate comparison with north american species. C_. penicillata 
Grossmann' was originally _isqlated · frQI!f.. -spruce in.· Germany. C. polonicum 
(Siem.) C. Moreau from Poland is another of the Leptographium - Vertici-

. cladie:!.].a . gro_up .which we. net3<i. :f'.or coinpa~i5.9n. . . · . . · -
:-:,.l:·::." . ....... L~ .. _:_: .. ::. . ··.-_. - :: - . . .. _;. :: -~. _· -_~:. _:.-:~---> ._ .. _.:· ; . -... -. - ... --____ : :._,:_ 

It is hoped that the present study will provia.e i:fJj~r~kg~ound for 
more intensive research in the future. 

!' ; : : ,: .: :· •T ; . . . . : : : · •, f : I:• . 
• • '! .,. ,. • . , . 
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. S0!1E GYMNOSPORANG.IUM SPECIES, :IN .CA~IFORNIA,._1 ·0: • .-: . : • • •• ,. ,iJI:.> 
'Wrt'.H.' SPECIAL P.EFERENCE TO GYMNOSP.WNG :rtJM. FUSG_UMe .. ',' . _. ;,-'"~-~:;::· 

. I •~·• Dari Y. Rosenbe'i·g 
, ' ' . • :. 1 • -~· :· 1 ·: 

. · .. ; 
_i:::J-: · .. 

• . ., :During .. the p~st hal:f ~erit 'u:ry' a numbe'r of s_pecies of~,J }ymnosporapgium 
have been observed -on ,;:arious hosts 1n California. In most instances ·, 
t _~ .f cc~r,~nce of .. ~hef/L var:i,ous ~:B?cies was of li~ .tl~ . . e,c.?nomic._ »11portance. 
S~hie:,_<>f,_these spe~ .i~~ ,a·re: .•·. ·L:r , ..,., ·,,. ,. ;,. i< ._,,, ... 

··:'.··.1~ .,G~ospotan~i'um harkn~ ,s~i1b~ (E & E) o~·:A~elanchi~r a_lpif .Q:\,;i.a 
.. ·. '· (I) . and on ··Juniperµs occid'entalis . (III)' ·(:\.).. · :cc, . . .::. :: ,. : ·, . . • .. ' . . . . . . ..- . _,._ .. 

•• ·-Y: l "1-_t ~i. 
2. Gymnosporangium !..Q.conspi~ on Amelanchier sp. ( I) and Juniperus 

occ;i.dentalis ( IH) (2). . . . .. . ·: . ,,., . . ... 
' . ' 

.. . . .'. .. J . .. ?ymno~porangiUlTl:.j ·~p·onicuin\ ?~ P~otinia arbut;i.folia (If (2), ·: __ : 

· ::· .::·.·:.··.:.>4 .. :dytnnbsp.oran .gium li.opcedi':i. . o~.,.A~e- ah.~h-:i,er :~in 'ifoi:~ (Nott) :.:_l,. ::., 
Pyrus communis I~ · Crataegus doug asi i Lind.) III,' and Libo ·cadrus 

•·=·· . . . :i,·\·?.:ecp~_.reps III (?). . ·.:.~. . -.·,: '., . . •,:•'• .-i-.~ 
• ' : . . • : : ' i L '· ; ,: , ·: • •• . '• • ·, f>V.i:: .:i,_; .. i. :: ,, •: .~.·, 

During the examinat io n by California ·state and county departments of 
agriculture personnel of various host material shipped into California 
from eastern states, Gymnospor-.angiui:n ._juniprri-virginianae was intercepted 
on leaves and fruit of Mal us spp. and on several different juniper species 
.q5>.Ijlin~ Jf,-9~ :p)..,~tp CU}!J~~s.~,,:, • .· .. 1,, . , .... , •,,i.·:,<; 

·,,•>._r _~:· . : •.'-_,-:-,1····•·· •· 
In one instance . juniper · trees · that origina 'ted in the midwest 

. devel,opeg ; t,yp~ca~ . ga~}.s aft~; L.~avi:1~ _bee,I\ ,gr~wn\ in S<?no~~-,Q~'?.1t,y , :; 
·nursery .. for ·one year; As a :.r!Sl·s·ult -9f .th:i,s ;disc.ove~y . a quarantine was 
established to prohibit infected junipez<s ··trom' ~ntering Caiifornia • 

• , • • • •••• " # •• . • -i•' ··. . . .-.- . . . · . '!-:;:·~ ,· ..r _, --~---~·, ,~..... \ :~· 
· .· _-··. ·.: ,."£!~.~,libb,cedr.i :has . caus~d ·s?.q~ d~mage. tq~ ;6tjmryie/~?¥i.l ' p~1a1\pla1:1ting · 

in the ·area · around Placerville, California. In .. ·-o·ne ·::i:nstance, ae cial 
. i~fe .ction. of .leaves and young fruit, was_ heavy in t);_l~. fiz:~t,J,wo . t,9, three 
• ' .. • • • • • • I • • • • • • • , • I • • • ~. • .. f. . ,., ' . · .. :ro-:1~ ·. of_ the :'te,a! : ~r_chai:.d ) 3_dj _~<c~-TT\,\o in 1e!l?,~, : ~~:~a.r~'.r·u :~+he, ;';~n!;ected pear 

tree~ wer.e_ ,I:µif1;ted. t;o '.an ·. are _a·:.or ~l5_pro:i<;lllla1'e~y'<2·~0}~ .et .,.'"!, 11\_a,n arc or , 
semi--circle from ·the · southern ·margin of the orchard. Along this south~n 
margi~, sever:a~ . inceI}se ce~ars l;iq_r.dered ;~he p.ear pla ,n~ing. . On,e t~ese 
large ·'·incense cedars .. was . fo1µ1g :li<!Ye sever~

1
~ :witche ,s_ br9,ori,ls scattered 

throughout the top; Examination of': the affect'ed oranches ·:·revea led the 
telial stage of Q• libocedri. 

.. - ·•··~- - ·---·- ·· -·· .... ·.·• ~--~ . . -~ -· ·--
In the fall of 1960, Dr. A.H. McCain of the University of California 

reported to our Bureau the occurrence of the Gymnosporangium fuscum on 
pear in the area around Lafayette, California (3). Examination of the 
pear trees in the area r evealed rust infection on 28 separate properties 
scattered over four square miles . Since this disease, considered to be 
very serious on pe ar in Europe, had never been reported in California or 
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., in : the _;.,United . Sta tes; -a .qua:r;ant'ine- was established t:o pr:event the 
· . ·movement · of . infected juniperf .1or . pear outside of the four ,·square mile 

areao During the early spring ' o.f .. 1961, the .telial ··stage -of G. fuscum 
was found on approximately 275 junipers (Juniperus sab.ina var. 
ta1T1ariscifolia and ,. J. chinens:is . ·-var • . pf itzeriaria) in :the Lafayette area 

• ,:(ld. All et:adicatfon ::progr:am 'was initiated ' through the combined efforts 
of the Bureau of Plant Pathology and the Contra Costa County Department 
of Agriculture. This eradication _ prograill _ce>I1Si~:ted of spraying _a_ll.:. of 

····:r11e··-_.rurd.p.ers in-·the .. quarantined area with a Cycloheximide preparation 
(Actidione) at 25 ppm and removing any infected junipers that were 
found. The spray program was initiated in the sprin g of 1961 and 
has c,ontinuedevery year. Intensive . surveys are made of the pear trees 
in the early sunnner and fall for any aecial infection. Any infected 
trees that were found were spr~yed with-Actidione. 

Several enli ght enin g facts were brought out during our program. 
We· were- al;lle to determin e by; means of bioassays ;:.-tlaa'.t :th'e··.Actidfone 
remaips .iu ,·juniper . in smalL amounts ( 007 ppm) ·ror. ·,at · .. ;le~ ·st .• six months' , 
Acti~.ione applied at ,!the ·-rate ,.of ·:25 ppm will ca·us'e-.. inJury .to junip ers 
if ap·p-iied when ·.tl}e:-:.ti>r-;t .emperature reaches .800F . The. injury or phyt .o-

.toxicit~ f~1,"ar~e.d·.;ac.c?ordirig· .·bo·::::1:) .. the . gr.owing ··c:ond\t ion ~.-of: ~,:t,h~ __ pla,nt .·· 
( th,e!iplants · with tl'ie ·.~greene ·s:t;:·:a iid~inost · succulent ·::growth .;'-we:re., injured 
-the :'.'most/); ' a-ncf:2). the , sp_e-cies ·,of -:jiiniper .involved '• The;i~ltaiii.i'r· juniper, 
J, ·s·ah:(ns, vat'~ tamariscifolia; w.as,:·the most tolerant t:o the ·Ati°'ti.dione 

.bf t,'he-.' 'j:Uhiper ~ j3prayed; ::,the .i.~l'Ttzir 1t·.-_ijl:ll1iper, J, chinensis var. · 
,'j ,fit izeriana, was'° less tolerant and-"the hollywood-juniper, J. chinensis 
.Yar. torulosa was, the le a-st : .tol'erant:. ~--1.-'J :.r .. · ' - ' ·. 

. . ·.,~,.,_\; ;.r·:r ~·- . -:._" ... ,•.··.·!.;-. . ·,.,; .·•. ·.·· :::1....,·._:'.,; - , ~ ·-! .;_' .. • .- .. -. .... -•.i·;, ~'i_!j : t .\"' 

:Sj;i: Sirice ·::th~ first report of this rust in California-, the eradicative 
measures undertaken (spraying with Actidione and removal of infected 
junipers) have resulted r .~P.i ~ :r..~9.-uc.t_~o~ <:>_f._.~h~ .... 9-i~ec1s~ ~- The Bureau 
of"'Pl'~t Patlio.1-ogy.-and .. Contra Costa County Department of Agriculture 
plans :'t.o continue our spray pro gram, our r emoval of · infected junipers 
and our intensive survey of the area in order to eliminate the disease~ 

G. fuscum has been present in Canada, where it is now known by the 
European name, trellis rust, for several years but it was not recognized 
as G. fuscum until 1961 (S). Canadians are also attempting eradication. 
Shipments of junipers from Canada to the United States are banned -by 
the United States Department of Agriculture because of the rust • 
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SPECI/>._L REPORT 

:-! .. ·-··-·· :. : :)'., :. 

· A. K, -Parker 1"<· · 
.,. 
,_, .· 

. ·, ' ..... ,. ... 
The ptesence in British Columl::,ia of the r;ed band diseasEf ' of pines 

caused by- Dothistr9roa pini Hulbary _ was col:lf irm~d in the spriipg · of 
1964 ·•. k __ survey reve(:lleddise?se tB , be p~esen~ :j.;.1,1 .. Vanc:o.uver[,J;s;I.an_d 
pla _ntations of P. radiata, .P-. mwicata, P, pin~ster, P. nigra var 1 _ 

calabrica, P. echinata x taeda, P. murrayana x banksiara-;-v:-ponderosa 
and :P:. ·contorta • . ·T.he disea:se::was also found in natural stands . p;f P. 
contort.a on Vancouver Island. ·~ .In the , interior -of the province the7 .ci. ·-' 

disease was found on a sing~e fl• . ponderosa which J1ad been ,;planted : out·::-
side 1t .s natural rang~ , and ob-~. contorta locatect ,in a -na.turaL s.tand·. ·. 

• t •;: ·· 

S.tudies have been initiatec;L to determine the range · and, lif.e c_y,c;le 
of .the ··.pathogen in Britis.h -Co.lum.b,ia, and the relative suscept,ibility. ~) 
.qf native pines ~. · . .. _ . i .;· 
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APPENDIX I 
-· .. 

NEW - ACTIVE PROJECTS 

C, Cone~· $j)~9-~_.c1-;d~eeo.ling _Di~.~ases : · ... -;-· . - . . . c· j 

64-C-l 

... . : ~: ·: ,_ :".' .. 
··: .. -1.-: 

. Seedling diseases of forest nurse:ri ·es in Hawaii. 
(E, _ ?rujillo) ' 

. i~ '~ --- ~ 

The purpose of this 'project is to investigate the 
mechanisms of . soil fumigation under tropical con-
ditions. Also, · to determine the pathogenic flora 
and possible mycorrhizal associations involved in 
the growth failure in first plantings. This project 
· is done in cooperation with the Pacific Southwest 
Forest . and Range Experiment Station. 

D. _ ~o_ot_ and soil b_orne _diseases or relationships , 
,_,. .• • •• ; • 1 • 

, .. ' -\ , 

:·~· ', !" 

:_ 64 ... n .. r ::: The ecology df _ ·!'.hffophthora cinnamomi Rands. in 
·.. . :--.. forest s6 'ils '.: (E, Trujillo) . 

i: '' 

64 ... D-2 · 

·Empha'sis wil1, he=: ·to-idetermine the distribution of 
the . furig_us .itj the · Hawaiian forest. Immune-fluorescent 
staining technique's will be attempted in order to 
study the pathogeh in .soil and to estimate its · 
survival, This project is supported ·by a ·g~?nt from 
the ~cintire-Stenriis . coop~·rat1ve ··fore :s\ry ,;.£es~~fCh --

f ·:.' p;r9~ra~ ! ·-. . r .! .-.- , ,. . , • 
. . :• 

The host range of Arltiillaria 'mellea·on subtr'opical 
species. (E. Truj _illo ) 

• 1 • • 

'., · ·-' - A'tteinpts ."are being made to ··determine . susceptible 
_ .• · •,; and resis\$lice ... in the". different tropica,l and sub-,.t _:·

1 
· tropi _~al tree specie ys used for _· refor .~station in 

·· ._ :· · ' c. · '. ·Hawaii. . . . This project is supported by the Pacific 
,(.i: ::~.-'•:··-'/ :·,!,:~•a,wth~~st Forest, a;~d Range ; ~~ -f3/\1~nt Station. " 

E, Foliage .diseases 

--~··. 

.. ( .• ... . ,_. 

64 ... F,;i:i:' .. ;( Diseases of Chr.istlilii"s'"°trees • . (E.-0 '.l'rujillo')i __ ,_._. 

. . ··r' · . 

... 

- T9is p~oje,c}_";as c,reated ,to investJgate t~e nature . 
·, rl,f _ t,he bro _nzi,~g :e>f'. .th.e needles_. of- -At..aucaria excelsa • 
-St udies have 'shown ·this problelll to be caused by light 
f ac tors. The work is done in cooperation with the 
Sta te of Hawaii Division of Forestry, 

. ., .. . 
• • t- .l ," •• 
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F. Stem diseases - malformations, ~itchs-brooms, dwarfmistle-
toes, etc. 

6L-F-l 

. . , .":· 

:_:. •1 ,),j_ . 

Cytology and ·ontogeny ,-of Arceuthobium douglasii, 
A. americana, and A. campylopodurn f. laricis. 
"{'Clarence C. Gordont ... 1(.J;.nt •. Station and Montana 
State University Coop. f · ' . 
Objective~: L . · T~ • i~pply \:Jisi c information re-

quired in app lied research on 
... l)];7-t~9_qs to ._ control thes ,t.,P:Pr~-~,~t,.es ·., 
'in f cirest $tands. · · · ·· · t · · · •

1 
.1 • • 

i , • . : I f 
.j; 2/ '.· To fin:i' •the stages in the .. ·eeliular 

developtnent ·of the · parasites that 
might prove vulnerable to attack 

_;,,,-,:-_ · through control measures • 

;;;; ";: ~.,,To supply cytologi~ -~l or anatomical 
·. ,'.·:.:. inforin ation needed ·-<to classify dwarf-

.;;; ·: ·mistletoe a tru '~• .phylo genetic basis. 
. ... '. . .' .. i . . :·· .. . . . ·. ! • • ' . 

iti :··: · 4• Ttprepa :re' ~- deta1:led illustrated 
(photomicrographs) monograph on the 

. ·oiffogetiy ·St . th&se "thfe·e dw,fr•inustlilt ·oe 
species. :·i , '·.:r.'~.i.L"':)1 J:-::·ro;":~r;n:t:·:.~ :· · · --~-; .. ud':'f ··r · 

··•·•--·-··••·---·· ~---~, -... .. . ... '-~--v t.·.: ·. . 
H. Stem Diseases - Rusts· Slid Cankers- -' 

·64-H-l 'i": . Derma,-;dieback of .Douglas.!..fir in the Cariboo Region, 
i ; .• _. .. •·:·1:(r .·. C. '~J~_-·•::,P,arker) ._;:_l;r_;t' . <i:;1,t 

• t. • .; ,. · r::t~ve widEiiy :sepa:t?tJa :,&U:tbreaks of·a severe diJback 
. . :·;··of Dougi~s-fir regeniira~ion haye been found in the 

·· ' . i;•,·· ·, •jJ•,eafiboo~ ·-i '-Thei'Jarei:is vaty-·±iFs1:zif ,ffiom a few hundred 
yards to several miles . in diameter: All areas show 

. the -~qme symptoms an~ ·are assocfated with the .~ame 
! ···: ; · ·,.: ·'?fufighk;~-'.a '' specie.i,_:p.f'Dermei (dfs~oiliycete ). · :Kr( 

estimated JO perbMit ·of the trees '' a:re affected in 
the severest outbreak. 

·~ .1 :·.,i~::, :-~:."L~ ~-,.. :·• . . -~-· · ;·.l.'.J: -;.··, :.--.. · 

64-H..:.2 .f. .;:)eoriJfei' ' stem' rtistsJ r~patli516g-ical histology. 
::.:· ·j; :_1 ,'.° .. !·-:-h_}J<:~~: 'K~}b:ill'J ;:~:\t~~:\ :~~-;~,:/ ,:_=_:;-'.~!'.~.\ 

·. T , i .-i;;t:_ dtijebt'iv-e"·~ To·:.!J..eiirri tfi~ '~m'Jcfiahism'(s) of bark necrosis 
and manner of mycelial spread in Cronartium coinandra 
and other species. • .. i 

-·-. ":~. -: .. ::•":"i· 

--·re 64-K-:i) .jThe' effe~ts of 0,Tuberculina maxima on white pine blister 
· ' . . ·,:-);J_x•ast ··• :eanke'.r'-s •. · ~ames W. Kimmey) 

·j ... =-:-.: , ·=--,.· ·r.:. J. \; :_ ·: i·:r ' . 
. . . --i f: : :-~ . :OJ) ,·., :. f· 
-~'--· n,.: ,J ·.·.rf ;_. 
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' Objectives: 
! :. . , . . • . 

r ! 

. 1 J ·.~. ·. 

To i6ilect :f~ctual data on the devel~pm~rit 
apd _ ~.ff~cts of natura3r_ly occurring T~ ... , , 
maxima on blister rust· :cankers of western 
white pine, and to compare this with its 
cy.eyela.pment and e.f'.f ec.ts on simUar ca.n~l;lfS 
treated with . antibiotic . ina't;er';i.als • 

'.'A4"."'K~2 . . The mode and time of infection ,of Tuberculina maxima ... : on biister ;ust cankers of \.;.estern white ·pin~. .. ' 
: ·:i . . , , .(Jam~·s \,j~' Kimmey) . ,. ' ..... ,. . -.: . · 

Objectives; 'l,'o determine by :i.i1oculatiqn .. at •1fh!it ... .. , .. 
stages in a blister rust cank~r Is d~vel9pxnen~ it 
may. become infected by T. maxima, and · at what time 
of ,year infectto .n,, takes- plaqe. : . ; , ,,. . . _ 

The time required ' for ;.Tub~rc~iin~ ' maxima· to ·inactivate 
. "):>lister rust infeci;i, -pns on \!~stern vfhit _e . p~ne. 

( Jan:ies W. Kimmey) • . . , . , . . · 

Objec'tiv(;ls: To _d<3te_!'rpine th~. ~-~ E: r,q~i.r.ed .,:;~aft~r . 
. its ;establishnrerrtj ·-:f ·or .. !~ rrraxim;a to _;i,.nactiv?te sporula-
tion and growth of blister rust canke:i;-s of .various 
sizes and ages on western white pine; 

64:_K:t;' ·. Diseases of Pinus lambertiana (H. Otford) ., 
•• ; .... .-1. 

Objective: To identify and describe pathogens affecting 
sugar pine with special reference to the protectioi:i and 
management of this tree species under the impact of 
white •pine blister rust . 
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APPENDIX II 

TERMINATED PROJECTS 

6o~l-:-: D~ar.fmi.stlet~e su.ryey in ,lt{estern Montana. r,,(D. P. Graham) 
~-.---~--~:-·:, ·.·i.. : ;:.·::.: ·: .. ~: .-. !":_.,· . .· :·::t .• 

57~D-~ ' l· .Trepd of Ar:m;i,llaria infe9.tion ~,.-C?.fi Pacific Silver fir. 
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APPENDIX III 

NEW OR MODJFIED TECHNIQUES 

...... ·.'.( . 

L. C. WEIB 
·! :: ._:_: . ' . .-.. , _. 

:!•:, .. _; . . . .. _}_'.: ! . _. 

. :; , ! ·.'.· The: studf 'of ·'root systems of forest ·'trees in ·'Htu _ poses 13:°'nuriiber 
. :/ of' ··pr6b1:ems · rela:t'ed t·o ·excava:tion. ··Manual labour · Is'time-consumirig, 

,, ,'aiffi:cul.t, and liniits .·the number of systems that · oari be· .ezj)ose-a.··auring 
any period of time. Hydraulic equipment, as described by .-Md·1irin (1) 
saves tim e thereby incr easing the amount of sample systems exposed, 
but is entirely dependent upon·· an ·adequate supply of water. Studies . 
_in _Al.}.stralia .. (2) . have shown that compressed _air wo-µld _ej\:pose Jl,rmillaria 
infections • ·ori· cv-itiva.t ·ed 'citrus. t:ree ·s l?~t. d~mb.~ wa::;,:·_--~:x:pi:t:ess?d as t .Q its 
wide'spr~ad appl;i.cation. · · · -~ ·· ·' · · 

. '. . \ . 

· · Matet4ials . -: . i. ·\':· ... 
,-: :_'· -

:· ... : 
··., .r --~ ·: , ., . 

The equipment consisted of a 12.5 cu, ft! Jaeger __ compi;es:;;.or capable 
_ of :· delivering 100 · p, s. i. , . three . 5,0' ft: . lengths . of -ho's~, ·· .. ind:--~. 5 ,J .t . , . 

• ;pie¢~ ·of :-pipe ·crimpedat one e·nq.''for .a r;iozzle._with a t _ap v:alve ~t/ :the 
other Elnd: ·to regqlate ': air flow. Tests were corid-qcted both at Canipb.ell 

' R:iiter· and ·on· the ·_Vict'o_ria · watershed. The so·_i:t type · ~as r .ei~t~yej,_y -,dry 
:·sandy -1·cirun which shifted ea~Iily :under ·the air jet ·, bU:t t_he ·defns:e --sub-
. surface mat · 0f bracken --and s~lal . rcidts ' · impeded :·the excava tiori s'6rnewba t. . . . ~-/ .~ :_;;. . . ., ... • 

Discussion. 

; ·The te ·sts '· sl:-lciwecf•'that root systems ·cah::be(s uc'cessfully _exdavated 
f?. 
·I 

and · th,it the tiini:f · r equ-ire'd; was: ·coinparabr e wi1th "tqat · 'taken ' witfr' 'by:dr"a.ulic , 
·eqi.lipment without -.tl'ie' nEfod for a lvater ·supply. · 'Rocks ··up· t'o 811:_;_in :diam, 
cbuld : be nioved·'f rom·'th:e immed.{at ·e v:icini _ty' by a:i,.F'.flow, a.ncFtine :';oo ·tlets 
coul.d ,.be : ~etai:ried, · complete · with mycorrhiza.l nodule .s' ·i ,ri' soine•:-cases ': · 

·,., 'r' ,. 
With any technique of excavation the paramount problem is one of re-
moving soil from the sit~. ·, One method is to ··phoose a site on a slope 
where gravity will minimize shovel work. The use of a movable conveyor 
belt , would als9 ai<l,:-}n -~<;>il remova]; ,and might: t)@rmit ·ex-c-avat.ions by 
cqmpres_se.ci .. a~ to ~-~;-c~xried out . Oll lev~J. ,g1;01.1nd, · :. ' · · ;_•0 ;:?").i:n . · .; 

·> •. ,. ".;·< 
Refer~nces~ . ~; :-..'-. . ;_ . . .' .. . f ~- l,. • ' • • • , ·• :-.·...:. . . . 

;i.. . .-·.::·:1.19.~inn, ¥t·· :9..:· <1962. Cha_racteristic~ _.of fir ro; ~~<s;~t..~JIIS. 
.. . , Can. ,.J • . Bot. 41 :.10.S~122,. . . . . . . : : -:I: .~)-.'l -._;t. ·: ! ' i": ...... • .. :: : : . •' . . . . . ' 

2 .,. ),non' ~' ' .i946~ Notes ~ontribu..ted by the B:i,ol~g:i~al · Branch:, :·~\_-: ... '.~_r 
·· ·· Armillaria control. Agric. Gaz. N.S. Wales .57:177-180. 

( Abs tr. in Rev. Appl. Mycol. 26: 74, . f _ ... 
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2. GROWTH OF FUNGI IN FOAN PLASTIC FOR USE IN PLiiHT INOCULATIONS 
_:.-.,_ • • 1 

. A~ FUNK1 

. A simple technique for prqq1.1cing pre-packaged ._inoculum of -fila-
mentous fungi for te sting pathogenicity has been developed . The fungi 
are grown in a layer of agar which impregnates the upper part of a 
porous polyurethan e plastic pad. The pads are th en applied directly 
to the host surface. In addition to quick, easy handling, the tech-

-:-,niqu_e .also pr9?ides . improved qoriditions _ .fpr the ,,-,gr9¥,th .· o.f'.-::th .~ _fungus 
and diseas ,e development o The tecl}niq'\je -.1h;3.s been u-1;1.ed success_fu-11y -in 

. testin g.:c.anker fungi of forest, tr,ees -, ,._b.'l;):t is ad.apt,able to _ott: .~;r.-fields 
.··of phytqpathology. ,-r,: . _. __ :;. · . .,,,,, 

f· ;._ :. ·.' . 
·1 · - l:~.--· : 

P.:r,.e.p.ara tion ,,. 
. • :,. _1,1. • , , . . ".!l., __ ;·-_;_•, , 

-~=- ,f· :·: ... t •·: , .... r, ·· -rr~· . . - ;. ·'.--~--- ··:.··.·. -·--~ ... : ,.. . . ( . ... ·-r, ..... -:· .\ . 
-·'.. · :~.: __ -~ Pad~ ~9'f polY,1;ir~tlgi.:ne ~~ain~pl?,s _tS-,c; .. capproximat~+Y . ·J . x .::? :~ .-½),µc ·h 
. . . are was heel' thoroughl;f in distillect ·Jwa·ter and pres se:f t,9,'.n~~f ;~yriess. 

A small square approximately 1/2 11 x 1/2 11 and ·1/8 inch: 'deep is · cut from 
. the surface. Each pad is then placed in a petri dish and s~r-¥i~e~. 
Autoclaving does not affect the polyurethane. · ·- · · 

.:, ' .. ·.:ster~i~; ·:mei;t~i agar ~rch,"has bee~ .:;-d~o\~<{ t; the ' .. poir:it\' ci,f be-
conp_ng sl::i.ght.ly tb 4!.c.k~ned 1.s th~n add,~d,-;l:,.9 -~ne,de.pression. 1.n.~the pad. 
This _ is best :a~com,pli;f?JJ,ed by p~petting i( :f'e-i~;tlr_cips at a tim,/ 'and al-
lowing ·th em ~Q· s·Q~i,~ITy.'. lt ;t oo niuch agar ,~s. ~d~ed at on_e time _ :it ·JTlcl.Y 

.. . ?:'Un through _the .pad~> The a.gar .. i,s. .. now iri\fo:uia:ted with the test -fungus 
· : ;which is ?-llowed t~ ::develop ·un.fii it -penetrates : ;~-,b.e agar ·and becomes 

"eruneshecf
1

:i..n· .the plast ic network . . 
, . .... ; 

. (: .'-.· . . .. . 
The inoculum pads may be transported to the work site in the 

: . pe:tri pla.tes .,. or , if . desired, j;,p.~y may be wrapped ,~terile paper and 
· . pl~ced .in pla,~fic _ .bags to p~;y.13n:t, .. evap_oration. BeC9-1:l~;e the ·fµQglJ.S ·: 

,.culture is n,o.f easily damageid .. .on ·:the pla stic pads, ;tl::i.~:.-:latter method 
· . .. all,ows for ,iiasy' trinsporta:f(o .n-,.to .. diff:i.cui"t sites .• ~-~In,~JJ~is form . it. 

. n_iay. al;:io . b_e "s,tored ,f or cori~i,d,e.iable period.£ under ?efrJ.gerati .on. . · . . ,. . . . ·.r:· .. ·;':.<.~ , ·. · ... · --:-:':_ · :·), .~~: '.··,; io .. -- · 
•.•:·· ,·Applic<;1t:i;Q.t;i; Qf · Ino·cul'urrL · · ... ·::'':. J .. : · 

r r .•-. •:, .'"-• .;. . •. --~ , ""'•1(-: : -~ .·~ ·i::· ·y•;J~:~·. •·: 
; The host ':sur..fac-e is p're-pnred in -the same manrie:r c:.rif.riri other ; : -lo.. 

technique s, making .6-e,rtain th ·at · an area la:tger thf:1.1'1' :tl'lei pad: is · dis- · 
infected " The plastic pad containing the fungus culture is then ap-
plied face-down to the sterilized surface, and firmly bound ·to the ·· 
hos_t (Fig c 3). The pad is now covered with a clear cellulose film 

· :·: (Sar}r.n-7wrap) to ·pr ·ewnt drying ·:,of the cu'.),_:t_we and also to .·protett ·it 
frommtting by rain or dew. Under greenhou se conditions where humidity 
is high and no danger of wetting exists, the inoculum pad need not be 
covered; :.-the oute:r .il:ayer of th e: foam w:H1,,keep the culture -ste:bile, 

. ~~~--. ·\ ·~· ~. l·,.· ~ . -: ..... ~ . . r · · • 
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Discussion 

Advantages in Handling. 

1. , Speed an,d eas¢ of application. The prepared pads require no manipu-
. la~i -()h. in the field · and are apP.}4ed with a ~minimum of exposure to : 

containina tion. 

2. Storage and Transporting. Pr epared in oculum may be stor ed until 
. , .. s.uitable _conditions for inoculation occur and is easily transported 

. when packaged. This is · of particular importance when the. period of 
host suscept:i::bility is very short'. · · · ·· 

Advantages -to _Growth of Fungus. 
. - .. ·-

1. Aeration a:nd: Light~ ·:/. With ·roam .-plastic the air ·· is in contact with 
the ~ulture at all -times and light is able to penetrate also. 
Other techniques of inoculating usually employ wet cotton ·to main-

.: .. ·.tain -m6isture;- which -frequently swamps the culture and _also prevents 
t. ·• :'.light from ;pene'trating. · <•:·;.L 

2. Growth potential in the agar. The fungus is well established in the 
agar · whic _h is ·firmly held by the ·plastic mesh, providin ·g. iriutrie ·nt 
for the .·fungus as it penetrates ·· the host. 

3. Moisture Control. By adjustin g the covering of the inoculum pad 
the moist.tire coritent : of ·. the culture may be controllEld. -. ; ·: 

: .:- • : . i . .. _: : .; . · : J · .:: 

4. Contact witl :1:th ~ Host.- · -The· pliable nature :•·of the •inoculum pad 
enables it to conform to the contours of the host and make firm 

·. contact. ;·· · . . . . . · ; 
I . ••.,_, 

5. Exclusion of contaminants. The fine mesh Qf :polyurethane foam 
plastic . is able to exclude contaminating microorganisms from the 

:air~ . I ; ;< '; . -' 
: ·, •, . 

Disadvantages. 

1. ·. Some. ·fungi app~ar .to . .-have· an ·,a:vers:i,.Qn to .,polyurethane and will- -not 
penetrate the pad. . , · ' ... . . •. 

2. A.nimals a.re sometimes attr acteo.· to .the pads , when us~d _:::i,n .·the ; fteld 
.,·.·anc;l wiill tear . them from the host •. 

•· ,•·,·· 
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APPENDIX V 

MINUTES OF ; 1HE'. 'Busiimss· MEE1J:NG ; OF . t~: 12TJi: thFDWC 
' ·' . . . . •' . ·,, . . . .... .· . 

, ·: ,· 

The busines _s meeting was cal l ed to or der by Chairman Siiea ·b:iii • 
Wednesday af t ernoon, October 14, 1964. 

• .. · ·· ·:.,•:. 

Secr,ete ;r-y}s' 1.Eeport : ·--Lt : was moved,.and ·-s~conded '. t hat the, .:.minut es of th e 
. previow., ,·_meet .d;ng : afhwr.i tt en in the proceedings of the 11 th :.:W[FDWC .~'e 

approveii.i, ,:!I'her1mot~p n:_passed by :a voice vote. :.-,,,,.· ;: •: , '. 
;1 I' · . I •.~ .,•. ; :,J . , ... , ~. r_7 ·.:, j ..... 

Treasure;r; 1 .-Report .: .. ··The . f ollowing report in cludes 
-J~th WIFDWQj an<i al§ _O adq.it,:Lonal costs in cur:r;ed for 
.. proceedings ,. -, (.R, f •. , Sct.!arpf) .. 

ex p~pdi t ur es at :;· the 
publi cat ion ·of · -l:;he 

Balance _ from ·llth .:,,vfl;F.PW,C . $202.00 
Registrat .i .on; ,'Banq~e.t ~ . . . 496.00 
Miscel l aneous (coffee, goodies, . proceedings:) 44. 60 · 

. Total . . . . . . . . . . . . ·• . . . . . $74?. 9,Q ·- .:tL ~: ~r: .•r·; , ·;. . -~.• ~·1 · . __ __ -·:-- ·. . . . . , , _. 

Balance {May 1965) '--·. ,_ • • ·:.,·;,,,_ ••• , , •. •.• .. -$288~30 , 
.i.::·. · ' - .:TV . · - · ·:._~··; . ':1: : -~ -=- .1..:'i'· 

Debit · 
.-- : 

$401 .• 7,0. ··., 
52.60 ;>/ 

. $454.30 , . _.._ ... 

Mistl eto e Corrimi ttee Report: .The report, : circ ulat ed to the membershi p 
at th e meetin g, i s include d in Appendix VI . 

. · ··).:.-.:· . .-·t - .c ~\•·.::~j· · -~ ·;. .-:~- .t::-;.;·•:-'·.:_.; · •.•: ·.•~ 
For est J.);i.sease-Recreation , .. Commi ttee: · tRepor:t presented by ;H, R, Offord. 
-It is i:i.c,pleasure to re port bri ef ly to day on :th e s.ta tu s of resear ch ::and 
rel at ed . act iviti es •in the fie]..d .of ·.dis ease -r ec reation, .. L- • 

::, 'i;·\•H:1-·• . - . ---·-- . - :·-.- :·-.-_:·.,· 
. _The · estal:!lisbment of ·<ttsea~e-recreation committee was: approved \ 

at the 10th _ armual meeting, . Victori a , . B, C !;;, ,in :J)ctober l 962. ··.Dr. _ C. 
G, : Sha'f:i :_,Qhai .rml=ln of ;the , 1963 conf er ence ,· -appo int ed the , .ibel ow;-nam~d --
as tbe first commit tee of WIFDWC in this important me.:tter •. ; . :i · . ·. _, . 

· :I~ the abs~nce. of . all. th:r~e commt tt~~ members, .. the :first report 
of the disease-recreation committee was made by D.R . Mill er at the 
1963 conf eren ce at Jack son, Wyomin g . His re por t was co~cerped , chiefly 
with f or esters 1 expe rien ces in Cali fo rnia with Willis 1q'agener 1 s publi-
c.ation :(PS\'l;_,~~§lti on '.,R,!:!;S.~-·:·.P;~per 4ki, -1963; 1\Jµd gi -ng . Hazar(i -_ f rom Native 
Trees in . O:it~ ~orn ia, ,-~E!c:r:1:;ati-onal-Areasifl) ;., ,. ;·, , :\ -. , : _ _.,_, •·._ .. _. 

, . i.:'"< · · 1 · '·-- ~,>. " ·' 
In California there has been wide acc epta nce of t he usefulness of 

t~~~~_-gui~el~n~w, ~qg ,,Jud&tng t.ree . hazards. _ - Mr'.: J ohn )-1ahon~y;_of --the 
Nati onal Park Ser vice with the help of pers? nnel .of .Yose mi,te and Sequoia 
National Parks first ca lled attention to the need for some formal guid e -
lin es to aid in th e r ecog nition of high hazard .trees and provid ed -helpful 
ca se hi sto ry data for . fir'... Wa:gener 's report r: .. Interest t~ ·· thts ·· r epeiit ; ·nas 
been so widesprea d t hat. it -1:\~r;> been necessa:qr ,_to ~autJq _µ ·_r ec i pi~nts of 
the publi cation that i t was pr epared for Calif ornia t r ee species and 
doEr-~ :--1:1:~:rt;; nec~s .sa,_rily _ :_~p ly to .q.ther re _gi\:)ns and ,to tre .e s.p~~i es ·_·not 
cove:r,ed .in .tl;le guideli _nes. ' ,,,, 

• ' • ·- •• 't 

•. I .!~, ... I • • • • • {i!. I . ; _:·. . .- . ' . • • • .I I • ' 

In the past 2 ·ye_ar._s -(~9:~r e has .be~~ - -~ot.i~e ,abl ~ -t ftcr~ :aE\~ -in for~st _ 
r,es~@'ch .ke;y:e,c;i to the ecc?-~-pgy of 18l,llpgr o~ _d veget _atio~, --.. AI:;;,o, -~her.e : · 
is a sustained in terest i n the p}oblem of haza rd s from decayed and defec-
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tive trees . and w::i..nd.fali~., ·etc; Fo_rest pathologists are clearly . 
involved now in the recreation reis-earch and will continue to ·be ·neiided 
for assistance in several phases of research having to do with recrea-
tional areas: · · . _. ··1· . .::>. .. :.: 

Another important development has been the shift in priority of · · 
disease r.esearch occas .ioned by . the special r equireme~ts of land µsed 
·ror reqreatiori.~ The. mpact of disease on th~ recreat-i on · resow, :e'e p_:re-
sents a riew ·framework ' of economics in which .·_:to 'judge " the . ne,e.~s ' an~:(., .. 
cost st of disease control. An example of the , new look' at dise~ ·se· ·re;.:_' 
search priority is the · recently initiated project of Lee A. Paine 
(PSW Station, Berk;~i"i~y") on· 11Heart rots ·of lodgepole pine {j-i Cal5..f6rnia 
recre'ati"onal areafl :n: rn past y~ars lit~le . w?rk haq. l~~e.:h _·4~he_ '.ij( 'Cal:i:-
fornfa ·;on decays of · lodgepole pine becaus"e it · has not ' lieen :a Cb1l1llier-
cial1y ·;valuable species .. The. m!3intenance of a large number of .camp-: .• 
grounds located in lodgepole pine types in the Sierra . Nevada,puts a 
new and high priority on ·di'se ·ases · o'f loag ·ep'ole pine. · · · · 

. We. c~n expect th~ t oth~r . conif~f s -~nd h"13,rdwoods, · '.ih:'",th~ --pa~kfi: :c.oh-
sidered as unimportant or noncommercial specie ·s, will be •included iri" 
research objectives as well as in further testing and improvement of . 

. 'gi.iideline :s for J't?gifk ~~l~fa:-t from frees ~,..~:~:-·. -~:.::''t"'.'.: . . · .. _::.:.[,)_~: 

To a constantly increa _sing degree the development and protection 
of campgrounds apd o~ger intensive~y us~d recreation areas.will in-
volve the skills '.' o.f. f9rest pathologists . and ~isease control specia _lists. 
This ' comm_itt.ek lnot:· nt3c~ssa ri ly t~e · Sc:!Ille p~ople) should continue to 
serve on beha)i of wzynwc to 11k~!;lP_,_.patll.q1.,9ilists in your campground .• 11• · 

For the year .. ahead we invite rio'tes on pub'.l..ications, new projects, 
case histpr..~s of hazardous tree~ l and ot,);l..er _information in the field 
of ~he dis~~~~~(and their impac·t .. on the niapagement and protection of 
recreat:i,on f:i'eas .. · ,:.· . 

: ; I •••, i: E..' "Fo"ster' G. Harvey' and lt\Ii .. _Ofi'.ord (Chairmap). 
Comments: 

·. Sh~a also , ment;i.o_~ed the increasing impor,ta.nce of disea _s,e~recrea- . 
tiori. problems • ..• ];tece·ntly a t 2.5, 000 suit was settled in _ ,f a:y§.r .. of the . 
plantiff" a gains~ W~ie.:rhaeuser Co. : ._ ·: ·;-. 

Zifff.lr indlcated ~-the c~:mcern': in .the Lake States 9:.q9~t\ h azaroous 
trees in recreation a"rea s. '. . . -~ .: 

Committee on Join t ; Path q~ogy-:-E~tomology Meeting _:,~ 

Shea reporting, Wall is an d Thomas absent~ 

. • ~. ~- t 1.• 

' . .. _,:: ., 

.. : ,Th~mas. attended the : .1963 Entomology ~ork conferen ~e, . _discussed the 
... ., . _ • . ., , ~ .~-•:. . •.• •• _._. .'. : I'. "_. • .. ). 

pos~tp~lit,y- ,. 9£; a jdnt _ :me~ting with the entqm?logists .. ,and Jdter . some : 
deliberation of the matter with his committee put fortb the following 
proposition~ That WIFDWC should have a joint meeting with WIF'IWC in 
the sprin g (March) of 1966 at Victor }a, B .. C. One day only should be 
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for , ,;j"o::i;nt,,meetings and the remainder of ., the ··week used for separate t 
meetings~ ::·;;., . . : ·· .. , 

W. W. · Wagener sugges ·ted that one topic for discussion might be 
the "rel-atJ.orish.ip , between . insects and stain fungi · in fire killed 
timber. 1•1 · G. Hept:i,.ng suggested that the rtrole of inseets as vectors . 
of decay fungi 11 would . also be a possible topic for : joint , discussion • . 
Further di::i.cu:ssion and action on the proposa~ to have a joint meeting : 
in 1966 is included under new business, 

Committee on •Ecology and Forest : Diseases: R. Smith : and .. E, Wicker • 
. ~· .!. · -

Reports presented by R. Smith and E. Wicker. · The committee indi-
cated . that detailed reports will be sub mitted · to the secretary for 
inclusion in the proceedings . They emphasized the rieed for careful - ····· 
eva1yation by the members for discussion nex:t ,year . 

. ,The abovie . reports of '. ·the comr1d.t±ee : are in •cluded, as ; separates r .. along 
w.ith athese proceeding§. .: .:•; . l ' ·· 

Old Bu~-iness: None. ,·. 

New l3usiness: ·· 
•. :_ ... ; • __ ' 

. -. !. ·:. .. : 

·.' ,-~- . 
It was moved by R. V. Bega and seconded by $. And:re~~r 1;,ha t, 

WIFDWC should have a joint meeting with 1vIFIWC in Victoria, B. C. 
in March 1966 and defer our fall meetings in 1965 and 1966 • . " . 

, After .::considerable discu,ssion by . BegcJ.,. Parker, Offord, ~nd ;. 
others . the motion was defeated by a show of ,hands, . 15 to 8. 

·. ; .. ,•;: . -~ :: : ..: 1_·_ 

The chairman thereby ' instructed ; the secretary to . write a lette .:r\:; 
to Thomas informing him of the decision and suggesting that Thomas 
explore ;the possibility of having an exchange :: of men to serve ,on: 
panels dealirig: with topics of : mutual interest,J,o . both ~rir,ups:,,, •,,r(i. 

A resolution was made by Andrews and Hawksworth that: - The·-~; ,0L.' 
classification 11honorary member" be bestowed on member~ of the· ··· · 
conference who retire from continuous employm,ent in forest pathology . 
Further, that .·this policy be retroact;i.ve : to , include ' all -·past m~~b,ers 
of WIFDWC. who .have retired. Also that l'.'egistration fees ·be paid 1,y; 
the conference for honorary members. Fu;r,t;her ben!3fits to be decided 
by the officers on an individual meeting basis , . 

A motion by Molnar to accept the resolution was seconded and 
passed by a voice vote. 

The followin g resolution on indexing and retrieving forest 
disease literature was made by Offord: 

WHEREAS the efficient codin g , indexin g , and retrieval of t he 
world 1s literature in forest pathology is of vital concern and would 
greatly facilit ate research in for est pathology, the Western Inter -
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national For es t Disease Work Conference strongly endorse s the objec-
tive _;,i ,o;f. INTREDJS. (Interrnat~opaJ,. t:re~ disease r ~gis te rJ;, :-JWfRP:~i" .. - . 

THEREFORE BE IT RESOLVED, That t he Weste rn Int ern at ion al ·._ 
Forest Disease Work Conference app:roves of the IlJTREDIS projec _t, 
and expresses the hope th at Gover.nment .and Univ ers it y r esea rch ,. 
agencies and libr aries will supp~ t . t~is or similar projects o.( 
improved .coding, ind ex in g , and r e:t:r;:Leval of fo r est pathology 
l;i.ter atur ~-·- ·· :.; -, ! .~ _ · , , ,; • , _:_,_:~~; _,,, : . _, 

, . . 
• . . . .... _· . ... :· -. ·- . : : i :·: :·~- . : ·--:-i·:_; ·_;,; " • . •. !.. 

A motion was th en made by Offord t hat WIFDWC endors e the above 
~eso_lµ~~ .9.~--· . Tlt.~1 _.mo-t.-~~:p was s,e cond~-~-. a~ct !P.~_s_~e:~.\ :bY.:·.~: :y~:i~~-;,yq_~~t· .r.::i:·: J:. },· 

.Place J),f t:he . 13th -WIFDWC: . . -;-·, .-.J-
... ,: • . • , I : • :·: ' : • .:. . : • : '. : •. . • : . • • ! • ; . • . . ! j . . ; ·. 

, _ ·:Ke_~ll c9mpe t-itj.on occurred +n tne :_se~Els:t~.on of. . ~he ~,ee~.ingd :?·~a,ce 
in 1965. E. Trujill o ext en~ectci. v~r._~r: tempt~Il~ -: inv}tc!t _}qn,_to:r::the ... . 
group to meet in Honolulu, Hawaii. .Paul Keener again made his strong 

_,,.-P.;i_tch ; f~r :_-_th-~-membe_:r_~-t_q __ mee~- i11,_:rucsqri:., :Ari z9pa, . t he l and ,._pJ (;lternal 
sunshine and beau t y. Alex ~1oln ar, l ast but not l~a :st,., .. :i,..nvi t ,ed .. us : : : , 
to meet in the l ove ly Okanagan Valley in e ith er - Ver'r-ion·, Kelowna~' or' ·-
Penticton, B. C. Although our heart s may hav e bee,n. in Ha;wa:i.t- a_l'}d qw, 
sympathy wit h Paul Keener for his grac i ous and pe r sistent effo r ts ·; -· · 
our budgets were the decidin g influence fo r se l ecting 11some p lace" . i:p. 
southern British Columbia for our next meeting. · · 

Election · of Qf,fi~~rs' ; _ · . _. 
• • • ' ; . ! :"" 

R. V. -~ga an d Jack Bier were nominated fo/ ~~nera l chai ~~~ ;~ · .. 
It was ._th.el'). _move,q.., _Se.ponded,, and pas sed that ,nominations be .-__ clo _s_ed. 
After some .dis cus ~Jo_n::of .. the ca-nd_idates, Jac::lc Bier, was elected as .. 
chairm an by a major{ty of the members pre se nt. 

Stu : Whitney 'fias·· nominat E)d . .t:or, Secretary _-Tr e~s ure ,; . It was then _. 
moved, ,seconded, a nd passed , tpa ,t the nomfoati on~: be · .clos ed . 

, ·~ . . ·-·:: . 
Adjournm ent: 

On Friday af~ernoon, after. }1.ear;t,y tl1.a~~ to ~he . program an{ lo sa.;L 
a_rrangements - comm~ttee s for their f;in e;-jQ_P, .th _~; chairman c_.a:qEld for .c1, 
m9tion to adjotl!'.~ .• . The moti9n was mad~,, s~ conped, and pas~ed and .. : 
the rl,).sh to ;retur _n home bega ·n •. _ · · · , :,: . · · · . ' . .';.,;·,- · · 

~-'. : - , 
,-. : ,.-;. · . .r~ '"'. . 

· - i. 

. '~ .. 1 _ .. 
: --..i, I 

::;'!· ·, .. 
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COMMITTEE REPORT ON STATUS AND NEEDS OF RESEARCH ON DWARF MISTLETOES 
- :.-·:.:. . . . . . ... 

J . A. BARANYAY, F. G. HAWKSHORTH, C. L . .. QU:tcrr{, -i( I{ •. §HEA, 
. . .. ., . -

and J ; : .R. PA<9:NE\l.'ER ·-c Chairman) _ .. 
. ' . =- •;- - . __ ., ( .'· 

JU.ghli ghts .. · of 1964· Research . 
. . . . . . ·• . . .. . : . 

I . Taxonomy, Hosts, and distributi on 

r-: :· ... 

. a • .. Seed of !· campylo podU:m from 1_testern larc _h, western _hemlock, l odge -
pole pii;ie (b oth C?a~tal ~nd · _in t e rior fo~ms), and white pine i. 
A~ americanum frora interior .: lodgepole pin e; . and, A. douglasii f r om 

· Douglas-fir were p;l.antecl :i,n;: Oc.tober, 1963 on 5- to · 6-year - old out -
. pianted ponderqs a · .pin e, ).odg!:,pole pine , 1:.este rn rarc h , Dougla s - fir 

(.interior and co ~stal form:;,-)·; : ,white spruc ·e, Engelmann spruce, Sitka 
spruce...t · western -hemloc~., .:1:rht.J~ pi ne, grand f i r, and Pacific silver 
f i .r . .t5yH ar.ch, 1964, aoout -21 -percent of the over 2,600 see ds 
planted had been lost _ throu gh r ai n, snow, etc . Of the remainde r , 

. 27 pElrce_nt,_,:w~r~ cla.s sed- as. hollow , s.hr i vel~e _d e>+ oth erwise obvious l y 
not ·viable~ · · Radicle!3 'had emerge d_= frQm per.c.ent of the . seeds 
examin'ed (srli:i..th/Victor:La) . ··_'":: -··· .'-:· · · · 

b. 
. . . . , . . . --~ ~.. . . . . '\ ... . . . 

Arceuthobium -.v~ginatum f . cryptopodum wa l?··,2~:!Je ct ed for ·the first 
time ··on Mexican 1;,frite pine, Pih\ls strobif .orrnii3 •. A single infected 
tree, .. with · two ini -stTetoe plan-t-s; was found in an infectE;id ponderosa 

. -pi ne s_t _and on the )'Jes calero . ,A.pache Reservation, New Mexico. 
(Li ghtl e , Rl-1) ; . .: · 

c. Fi eld; laboratory; and ti.er1Jarium s tucj.i es are continuing toward a 
taxonomic r evision of the ge nus Arceuthobium . For this revi s i on , 
cytological, morphological , and anatomi cal ev:j.d13nce ,wi,:l,l be · con - ··. _: 
sidered togeth er with phenolo gy , host relations ·/ ·and · geograph i c 
and ecologic distribution patterns. Fiel,g. e,.xam:i,:qa~i,ons indicate 

•:<· _ that -:'some member s bf t he A. campylopodum ¢:omplex· are;- indeed· 
. · .. ·-specif~c (E).,g,; f; · divar i catum which i s e6nfined '.to 'Pinu $ edulis 
· .. .and P . monophylla) • but others hav e a much broade:i • ho°st"range than , I,~ 

I I . , .~ras 'preyiously thought (e ~g . , f. t suge nsis ; ubich in addi t ion to 
· . .·. ts uga , · ·a1_so · occurs _commonly on Pinus _-monticola .-!:~ :albicaulis , . ', 

•:,• ( 
. : · .. P-. · ;contcirta, Abies l a$iocar pa, and . A. amabilis). · (Hawksworth, 

. ... . · and Wi ens, . Univer ·sity of Colorado) .~ .. 
RM, ,' 

_;· , 

d_ • . A_ manu,script on Arceuthob _ium in . Mexico has bee n submitted to 
.') ' · . , .·: n-r itton i a / ·A total of'. 13 taxa are r _ecqgnized . ·ot ... these, Ji 

. ·.:,:;,r (A. vaginatum vaginat:uin , A. vertic;i;llifl.orum; ·.··ancf"A. :·a.bietis-
I ( 

. :e,_; re.lihosa e)- were ·previous~-y :Oescribed :from Hex:i_co;· 5 1],. :S., mistle -
,. • -.,:' .'· :' ,tqes . (A. _ cainpylopoduin formae · campylo pod:um . ar'id. blumeri, A,~- douglasH, 

A; vagTnatum f'. cryptopodum, add A. gillii) extend into - northern 
Mexico; and 3 species and 2 subspeci es _ are describe .ct ,as. new . .. The 

:,•·· . . genus is widely -.d i s t:r;i.bµted i .n · T1exico a·nd at least 19 ::spe'cies of 
,. .. . ,-. · :p:j.,nes , . as wel l as Pseudotsuga .-and "Abies , ,· ai'e attacked ;.~ :· Despite the 
·.\ ,'..": ,. ' : . ~-ommon occurre!:}Qe of .-Arceuthobium in }Texico", the amount · of damage 
!.~~-:;.1:_·,:'·:_Jht:y ·. cilU:sed_ app~~s- · to be cohsfderably'_ l ess th~n iri ;t he · west er n 

,. · United Stat es . (Hawksworth, RH, and Wiens, University . ·of Colorado). 

e. Dwarf mis t letoe (-12_. campylopodum f. abiet ihurn) __ wa$ ·l'i:>irnd:·i~t.6:!..be 
common and very damagin g to a stand of Brewers spruce on Flat Top 
!fountain, Sisk i you Nationa l Forest, west of Grants Pass, Oregon. 
(Graham, USFS Port lan d , Ha1-rs1-1orth, RM, and Wiens, University of 
Colorado) . ; 
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II. Physiology and Anatomy 

a. R. J. Hull completed certain aspects on th e .carbohydrates in the 
dwarf mistletoes and their hosts about April 1 1964: ·· The results 
of .these findings may be found in his .thesis 11Studies on the Physi-
ology of Mistletoe Parasitism (Arceuthobiurn and Phoradendron) 11, 

Botany Department, University .of California, Davis ,. A portion of 
this has been accepted for publication in two papers in Plant 
Physiology. 

Certain aspects of translocation of p3204 have been investigated 
and reinvestigat ed since April 1. Alsu, the nutrition of host and 
green mistletoes on foliage-free lateral branchl:ls have been· studied 
using both c14o and p3204. The· ,results largely confir!ll our pre-
vious findings €hat the nutrition of f oliage-fi _'.ee green mist .le toe 
infected lateral branches comes fr om other host _branches and not 
from the green mistletoes; further, the green mistletoes reqeive 

. only limited quantities of label from the defoliated br~nches. 

Transloc ati _on in dwarf mistletoe infected Jeffrey pine; ' ponderosa 
pine, and r ed fir of cl4-labeled photosynthate con·clusively de -
monstrated that the mistlet oe infecti ons do not block translocation 
in these species except under certain conditions. Physiological 
blocks do occur at times during the summer period due to the .di-
rection '·of th e food mat.erials into the mistletoes and the new 
tissues being formed on the infected branches. -Such blocks were 
demonstrated to occur as a result of infection ori a sidt'.i°-:branch, 
if defoliated. Such blocks are physiological rather than ana-
tomical. (Leonard and Hull, U. C., Davis). 

III. -Life . cycle studi~s 

a. Studies have been continued through periodic observation of tagged 
infections and 1962 seec;l.f on western hemlock at Lake Cowichan, 
Vancouver Island. An -p.dd-itional 100 seeds disseminated in 1963 
were tagged. For information on persistence,.48 shoots -were marked 
individually. _Similar studies were extended to!· campylopodurn on 
lodgepole pine near Horne Lake, Vancouver Island, and to . A. campy-
lopodum' on western larch in southeastern British Columbia-:- --

Seed traps placed in cleared areas around a single infected herii.:l-ock 
on Vancouver Island, and around an infected larch near Cranbrook 
are being examined twice monthly to determine approximate total seed 
discharge from the trees, period of dissemination, and 4uality of 
.seed. (Smith, Victoria) . 

b. Initial seed velociti es of four Colorado d,-rarf•-rnistletoes were 
determined by hi gh-speed photography. The results indicate average 
initial velocities of from 80 .to 90 feet per second, or ·about twice 
that previously estimated by indirect means. (Hinds and Hawksworth, 
RM). 

· IV. Host-Parasite Relations - no re ports 

I , 
:· •_;·· 
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V. Effects on Hosts 
. ··------· 

a. Ring counts and measurement~ have been completed for 25 we~tern 

r. • " ·- . 

.. . -: 

· hemlock with a range of inf ection intensit y· from light t o-•-severe. 
Five additional ·trees were· felled in 1964 to augme·nt . sorne:· in-
fection classes. Preliminary analyses show that the a.v~rage 
height growth of severely infected trees was 19 fe _et for the . 
period 1911-20, and only 7 feet for 1951-60. · In contra:st, .''thei __ 
average height gro~th of lightly infected trees was 17 for 1911-
20, and 14 for i951-6Q -- a .re41,ict ion _of . _only . .3 feet,' _ Data . on 
vo l ume and fonn are being p:r~cessed ·. . (Smith; _ViC?toria). · 

b •. ·Dwarf .mistleto ·e ·and its ' effe i:C:t on grmvth and mortality 
.. .. pole pin~ - st'a1ds ·of Alberta. Data have been processed 

·publication. •· -:(Baranyay, Calgary). 

:i.n lodge-
for 

c • .. The ponderosa pine growth impact data .are still being analyzed~ 
One of th e main reasons for delay is the difficulty of getting 
good determinations of mistletoe effects on height growth, . In 
general, results of the study appear to be about as expected: ': 

_ light infection (i.e., in lower crowns only) has little effect, 
'' but he:avy infec .tion :incr eases mortal:i _ty: rates q_everal-fold and 

. · _' reduqe (s. volume grow~}i. by a third or r.1o're. · _(PNFRES, Portland) • 

. ·:. ;d> "Diameter _i'ncremeht 6£' dwarf mistletoe ' .itifec .ted ponderosa pine 
·:.-,. t·':::.='.'..: (K.~~efr~ s~c1:ge~91:~:s:·::i .. 2f before and after )pgging was .-.:i.'nves.tigated in 

.. ,. C• so\i'tl'l-:-~.EfnJ,l"~fl- Oregon~ Growth of sever~-1Y' infe9ted trees w,as 
signi.i'ica:r:d;ly ·less than that of trees ·. in · all other infection class 
both prior to and after logging. The ratio of growth of S(;lYElJ::el y . 
infected trees to that of all others remained approximately t-be · 
_s~e througl?,_out •.. _(l:L 7) All trees, . ,hov1ever, .responded . favorably 

.. ·to relea:se; : ··'(She '~-, t1eyerhaeuser Co~)·~ . · ·. · _ . . . . · · 
• ,!~ • \ . • ..... • • • I" • ' o•:· • r • I• • • • : • : •_• (; • •: •,. : l • • • ' • ·, 

. .'>ei .•Di a.riiete·r · increm ertt of' ponderosa pines ' S'.J Ke:en I s-age-c l as 'ses 1 through 
3 was significantly reduced by severe (rating . of 6) dwarf aj. s tletoe 
infections but not by lighter infections. Natural tree ·to ··-fifee · '· ; -1.• t 
varigtioIJ. may wask effects of lighter infect-i9ns. Bro.oming was 

. ass ;oc1.~ted · ,-rith · gre.ate .r ·.-reductions in growth -than was ·c·onipar~bl e 
~~ie~s- o_f irifec .t~.pn· w_ithc ,:mt br9qming~ . Height ·growth appa.I'~ntly is 
af fected more adversely by dwarf inistTet6e than is diameter i ncr e-
ment at least in young trees . (Shea, Weyerheauser Co. ). 

', 
':,· ( 
/ 

VI. Ecology 
. . . ) .. :::• . . 

a. Efforts to pinpoint the northern limits of Arceuthobium · vagiiiatum f. ( 
cryptopodum were cont i nued . The northernmost knovm shoot o~, t~i~ , .. 
dwarf mistletoe occurs i n northern Larimer County, Colorado; · about 

. ,:,. ej,ght i:niles south of the Wyoming boundary .- Studie .s of ~he factors 
' ' ·. ;tnfluencing this northern limit are . planned .• . ,(Ha~kswo~~~, RN) .• 

VII. Contr 'c{i-cihemical . . ' 

• 

a. A chemical applied to Douglas fir in . 1960 b:y-mist _blowe+ .has . ,continued 
to provide control of dwarf mistletoe. The 'succe ss ·of--t 11e--nr,it~riai' . 
appears to be r elated t .o season of .app;t.icat -iqn and the .. methqd ·used !•-· 
Considerable investi gation /i s stil l . required:-; ·.. (She-a:: . .il.1rcf·Rediske; ... 
Weyerhaeuser Co.). ' 
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VII . Control-chem i cal - conti nued 

b. See also: Quick, C.R . E:xperimental herbicidal control of dwarf · 
mistletoe on some California conife r s, U.S.F.S., P. S~W! . . _Resear.ch 
_Note h 7, 9 P.•,. 19'64 . ·- ··,; 'l · ·.--.: 

VIII. Control - Biolo ·giccl,l ,•,·-:: . ,·. . . .. ~ · .. : . ··-.:'~.:·•.- -~--1 • ·_,:_·.:_ .J ·.~:,;;!'. 

a. · .-:Colle-ttotti6hum ' "gl o~s:q~pb~icd:d ~-~, . or;t(ri.n.hi:i c'oiil~t~ ·a.·.i n'a. described 
: ' l l. ~~-~d•{~rf mistl~t.oe · . on '::r:;e_q. ·p .. r_·;r-n Cali f:of h:j..a , h¥ . . be .en _ f ouna; on severa l 

· ot!"!er species ·a.nd· forms-·_ of t:l.wa:rf mistle~ o,e. Iq Califo rni a it also 
. otcur~ - 6n Arceuthol;>ium ~ erica.num and · on '! , ca!llpylopodum f . 
campyTopodum. It has b een collected on!};_. ca.mpylopodum f . divaricatum 
in_Co l orado and New Mexico an~ _Qc;:curs on~- campylopodum f. micro-
carpuni· iri Arizona. Although all isola t es have not been tested some 
were found to cross infect ·oth er mistletoe forms or spe cies. 
(Scharpf, P. S .W. ). . . 

IX. Contr ol- · silvicultural 

a. Some 'of our results suggest th a.·Crigorous sat).ttation, to reduc e mistle-
toe pdpulations to very l ow l e\re1s , may qe un-.:."~conomic-- ·that, in young 
stands -:;makirig good gro wth~ mistletoe JT1ay not :re4uce final :yie ld s by 
m6re -·than ·a __ f~w percent even if a che ap job of _.s a~_ita;tt _Jtiresults in 
a inoderate l evel of infection, The most interest i ng consequence of 

. this hypothesis, th~s far, is the _ . healthy spirit , of _co.nt .roversy it has 
evoked aniong 'mistletoe resea r chers; (PNFRES, Pbrtlana:) ·: ·· . ' 

. . . . . : r: ·,. ·;: ~. 

X. Surve ys 

· : a:. ·• The dviarf 'mistle to e · inf ected iodgepole ···,p"ine ·stands/rep '; r'ted last year, 
· ;·.; · --were. :air : photographed again this year using i-rif rared '"6amouflage de-

·: .. :.,··· .·. tection film; th e films are under pr ocessing , . ·( Baratiya.f/Ca lg ary). 
• • • • : ; :~ • I ' :.'; ' ' "" • 

XI. Misce ll aneous 

a . 11CAN-YOU-TOP-THiS ?" Department . Arc eutho~:hiiii -~ericanum was found at 
an altitude df 111 000 feet ·on ·Monarch Pass; Colorado. Is ·t his the 
h;ighe$:t American Arc eutltobium north of Mexico? . (R. ·c. Thobium, RM). 

~I :~ l ,' 
.:· • ; .. ! , . . ·: .. ··. . . .. ,; 

.: ··' .. :N~_~ded Research · , :' · ··•• . .-tf,,-

I. Taxonomy, . hosts , and distribution . - no su ggestions. 
·., :) 

·;•·:: 
• • t .• 

I'.!:. Anato my 

. ,_It would oeinteresting to know .. s.omething about the details of. .. the 
.. · · ana,tqmical as_sociation between · t he living cells ·of mist l etoes 'and the ir 

hos:t ~ . (dwarf -alld gr een), studied" usin g an electr-_on -micros co~·e·.·: 
.(L~orw.rd and :· Bull, U. C • Davis-) ;• : 

III. Li fe cyc les - no suggestions 
,,. 

,)Y~,. Host-Par-asite r elatio ns - no" su·ggestions · 
- .. , .. .. .,. 

. _; .· · ) 
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V. Effects on hosts 

VI. 

a. We need more precise measurements or ..:•growth impacts of various levels 
of infection _;;lh thinn .ed. stands. Because of the multiplicity of 
variables affi3'cting · tree growth, and' the impossibility of determining 
past trends of infection . accurately _).'rom present evidence, such 
measurements will require long-term studies on numerous plots ·• A 
-.f,E?~ _plot~ , h/3.Y,~ been esta.,o,lish.ed but many mo:i;:e. ar f3 .n~e.ded. 
(PNFREs'·1·•p ·t1· d) .. . - . ' . . . ., .... -, or . an • . . . . . _, _ 

Ecology: 
·' . . . .. .. ~-.. . • 

a. Research is needed to study the . phenoiogy of dw~f riiistletoe flowering 
and to _if . there a.:r.\3 differen~es i~ p .. owering and seed pro- -

.·. duc:t;ic,p':b e~:w~.en recogni .zaq.:l,e · forest · a.ssociati,qri~ .-,.or · sites in Alberta • 

. · '(Muir,' ·Caigci'ry). . . . . . . . . ....... . . 

b.. To•'study ' the ·aevelopmerit 'or the systema,'tic hats.it ' ~f .Arc~:uthobium and 
the factors influencing broom formation ·. (Mu.ir, .C'algafy). 

• I • • 

VII, VIII, IX~- C ontro1. 
. _; '") .! :'f ... _ ·. - . .. 

·.' ... · .= 

•_c: f - ... 
• _ ; :, = ..... '.'. ~- .. 

a • . Studies should be continued on .all aspi3cts of control. Some ap-
.,. ·.· p:roa,chsf tow~ds . chemica],,:. ~-~rttWc;i, are _ sugg ·e_s~_e.d _f,l'o~··\he . tracer and 

t' · · · other 'studies _. However; · evMtual sucq~ss 'ca.11",best ·be · achieved through 
an o_pen-minded or f-1~:icib-J:e ·approa·ch ·to 'the 'prbblem. .-·· · 

X. ". -Sittveys - 'no suegesyions . 
. . . : , ....... , ·:·. ., V . .. . . ·. ~:u.( . 

XI. 1-11.scellaneous - epidemiology 
. : . . . !.'::. . .. :. ~.; .-:: . , \; - .. . ; ! ·. 

a. We also need a much stronger basis : of .: data · on.-rates : of increase of 
mistletoe populations, spread from tree to tree, and movement up-
'1-iard in ,the · crowns-~'' ·This · information will "everitua:l.ly be-' provided v 
by studies on _permanent plots~ In the meantime, to meet. urgent ,JJ 

·)t~s~p;t_·· m~eds~-.. ~ct~~}~o'rial · ~tjalyses sh~uld ·be. made ~f'_ ~8:S,t infecti c _. \. 'j 
•trends · by detailed drssections of · trees and infections on temporary / , 
plots. (I'NF~S, Portland). __ ~: ,i,''". .. ,, . ,--.-· ·,r• · 
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