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FOREWORD 

The Ninth Wester.n -Jr1t,ernational Forest Disease Work Conference was held 
a.t the Cascade Hotel in Bariff; Albert.a, October 3"'6, 1961. Forty--eight 
mernbe.rs and 9 guests were registeredo Sessions were held in t,he roof-top 
sun parlor andi although the sun and the surrounding landscape were at 
t~lmes obscured. by the elements, the se t ting was well suited to the con-
:=::iderat.i.on of fo.r·est topics. 

The meeting~ wi:ire opened with welcomes f:rom Frank Hawksworth, the Conferenw 
Ghai.:rman, and i.'roin Do Wo McAuley, Adlninistrati ve Officer of Banff National 
.?a1·k. The Cha.:i.x~na:n o'..ltlin ed the :ret~erit developments on a possible meeting 
·1n Mexico City and dI:te ct.e d the :ceading of a let t er from J . D. B. Harrison, 
Iiepu·ty Minis-ter of Forestry, Canadaj d.1':Jscribing the current activities 
,:,.nd future plans cf the Nor·l:ih Alne:r.foan Forestry Commission of the F .A.O. 
1.:'he panel presentations were a i:,;;02,1p ?.~1i 12c: :'Yy animated discuss .ion in the 
t ru.e spirit of Wol oFcD~W.C. 

The field trip .,. rescued f1°om rajn by the prescience of the hosts, was 
heJ .. d in fine weath6r, a:nd first hand observation of AtroEellis canker, 
dwa,rf mistlet,oe.., eilk$ am Lake louise was enjoyed by all. Caravans of 
the l/~I.,F~DoW.,C~ Ladies Auxilliary were sighted frequently, attesting t~ 
the f'act that the wives also fdund the are&. enjoyable, both for its scenery 
and Jts bargains • 

Eighty.,.six members; guest s, and wives attended t,he banquet on October 4. 
Prep r"dr.d.ial ac"tivities were spi.rited. : as usuaL After ·dinner ceremonies 
w~re presided over by the award , .. winning member of the Program Committee, 
Phi .L Thomas. D.r.·,. N. H .. Gr a,;e, Direct.ox- of Research, Alberta Researeh 
Co..mc:U i gave an eriterta:ining and instr-..ictive talk to highlight the evening• 

The Ninth WoLF ' ,Do\<.i?Co was adjourned on the afternoon of October 6. It 
sno vad that night . 

Exe,:;:utive Committee· 
~ ·:.--- "J"-.--.... .~. 

F o !) . Hawksworth.,,. Chairman 
Jo n. P::,;rmeter, St1cretary-Treasurer 

,. 
t 

I 

Program Connnittee 

G. P. Thomas 
J.E. NighSWc\llD.er 
A. C. Molnar, Chaiman 

·' 
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CHA IR.MAN 'S WELCOME 

Welcome t .o the Ninth Western International Forest Disease Wor~ Cc5nference. 
I have looked forward . to a Banff meeting for . many years' and :t 'nr sure . 
that this meeting will be a memorable occasion for us ·au. · · I think tha:t 
this is the .first time that we have had to cornpetew±tli the Worid Ser:i,~s, 
but I'm sure that we 111 come out O.K. on that score. I wish to extend a 
special welcome to the members of the Saskatoon Laboratory, who. are ou,r. 
guests at this meeting. · · · 

I am sorry to report that -Mexico will not · be · represented .at this co·n-
f erence. However, the Mexican Forestry Society, at the request · of . . 
Sr. Ing. Riquelme Inda, has -forwarded a report thiit will be incl.tided in 
the proceedings of this meeting. '· · · · '• · .. .. _., · 

Your Program Committee, consisting of Alex Molnar as Chairman, o.· P~: Thomas,, 
and J. E. Nighswander arrl all the members of the Calgary Iaborat9ry, has. 
done an outstanding job in preparing -for this ··conference. · Three paneis . 
will be presented on topics that your -1960 interim program chairman I s · 
report listed as most worthy subjects for discussion. As has · been our · 
custom, the panel members will _use less than half of the time .alloted to 
~ach panel so there will be ample opportunity for discussion. . . ' ._, 

F • . G. Hawksworth 
· · • 1 •• Conference Cltairµiaif . 

_ _...,. _______________________ ..; ___ ,;. ______ ..;. __ ... ___ ....;...., __________ .;. _________ _,_ 

THE ROIE OF ENVIRONMENTAL AND HOST FACTORS IN CYTOSPORA 
CANKER OF POPIARS . . 

W. J. Bloomberg 

An investigation was made into the f act ·ors which : we~e thought · to · pr~niote . 
r.ospora canker attack on native Populus trichoca:rya T. &·G • . and exotic 

• x canadensis Moench poplars in British Columbia. Within the range 
studied., canker growth varied proportionally with the temp~rature, an.d .. 
inversely with the shoot moisture content, relative humidity, and soil 
moisture content. Canker growth was n:iore rapid, although \he incidenc ·e 
of cankers was much less, in summer than in •wiriter. Both canker growth 
and incidence were less in exotic hybrid poplars than in the native 
species; and both were less .in the lower part than in the upper part ef 

. t~, shoot. These findings indicated that the ecological; seasonal, and 
.. ~,ietal .factors exerted their effects on canker development indirect:cy- . 

in11,l,lencing the moisture content of the ·shoot. · . , , . ·:. . . ' ' 

_Tp.~ .l!lO:i,tJt:µre relations and the anatomy of tp.ree poplars · were c:ompared to 
. -~} . .at·n :-their differential resistance to Cytospora · canker. Compared with 
P.opu.1us trichoca.rya, two!• x canaderisis hybrids which were mo~e resistan~ 
t'd th~ 1 c~t, had slower rates of moisture loss and, throughout most ot 
the year, had ,higher shoot moisture contents. In dormancy., wh_en c_ankers 

_were more numerous., the shoot moisture cont~nt of the three poplars was . 
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considerably lower than in summer. Furthermore, the r:,u,pper r egico:-is of' 
all shoots, which were less resistan ~ to the canker, had lower moj_stm·e 
contents than the lower region, In view of . the invez·se correlat ion 
previously established between shoot :moisture content and .Q;.rt,os:e~~ 
canker development, the superior moisture eco.nomies of _ the :r..._ybri <is and. · 
of the lower shoot region were sufficient to account for their gr eat er 

· resistance to canker spread. 

The comparative anatomy of the three poplars suggested t hat moist ure 
storage, translocation, and retentio IJ. were .greater in the hyt.ri d.s tr.an 
in P. trichocarpa; the former had a larger pith, wi4e;~ ves~els; l onger 
phloent rays, larger sieve tube ione., larger fibre ·zone, thi cker p&r:'i.derm 
and fewer lenticels than the latter . In addition , the comparab le ba.rk 
characteristics suggested that the fungus would penetrate into and spr ead 
in the hybrids less easily than in E. trichoc arpa, an::l l ess ee,si 1y i n the 
lower than in the upper shoot. 

The findings suggest that ah effective approach could be developed to 
selection of canker-resistant poplars according to their anatomi cal 

_characteristics. 

Poplar cuttings were adjusted to three different moistwe co~tents, t hen 
wounded by incising or scorching the bark . The three moisture t:reat-ment s 
differed significantly in their histological effects on tissues around 
._the .s_corch wounds. The greatest contrast was in the mode of ta nnin 
depqsition. Lignii'ication was proportional to the moisture cont ent; 
however, fewer cells were involved in lignin changes than in t a.nr1ih depo-
sition. No suberization was observed as a result of wounding. 

t 

When wounds were inoculated with Cytospora chrysosperma the growth of 
canker varied inversely with the number of tanniferous cells, the width 
of the tanniferous zone, and the number of lignified cells. The corre-
lation with tannin deposition was much stronger than th at with lignj_n. 
These findings suggested that the correlations previously observed between 
ooospora canker growth and moisture content may operate partly through 

e mechanism of tannin deposition. lmplications of these · findings are. 
discussed in relation to canker resi .stance to poplar. 

-------~---------------------------------------------------~---------
FURTHER STUDIES ON THE ATROPELLIS CANKER DISEASE IN ALBERTA 

J.C . Hopkins ·'-

This• disease occurs :i,n the form of perenni~l cankers on living , stems 
and branches of lodgepole pine. It has been reported on other pin es in 
some areas, but in Alberta it has been found only on this speci es and 
on lodgepole - jack pine hybrids. Inoculation~ using ascospores and 
culture ?ey'Celium have proven Atropellis piniphila (Weir) Lohman and Cash 
to be the causal agent. However, the percentage of succes sful _inoculations 
has been very low. 

Stem cankers : tend to originate on the stem, at, or close to, branch nodes. 
This could result from a higher susceptibility at th ese lo ci, or, fro m a 

,. 
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tendency· for in.oculum to collect ··t~eJ Examination of small cankers 
, ·;n.thin a d.ens6 stand indicated that a -~ large percentage had originated 

from st,em infections,,- ·..-and none were · ot undoubted branch: or internodal 
or12in ~ The results obtained from an open stand indicated that, although 
th e~ ma.j.:.>rit~r originated at branch nodes on the stem, many were also 
dor-ived f r om branch and internodal infections. Dead branches did no+, 
i:.~onstitute i nfection courts, and the difference · between the two stands 
was probab3>::,r,;:-.rtly due to the greater longevity of branches in the opene 
E..,ca.minati.o h of very small and incipient cankers also indicated that entry 
ca.1\ ~o-xur ·l,hr·ough macroscopically undamaged bark. 
/ i 

,.-0us neptibility of the stern also varies acco ,rdirig' to the age of the bark 
. concerned. Ir. four stands, random samples ~ere taken to determine the 
age ,, ·.' the bark concerned at the time of attack. Virtually no cankers 

_dAvel oped on bark of less than five years old, and comparatively few on 
, , ' sec .t i.ens of less than ten years old. Most cankers developed on bark which ,_ 

., ,· ~{as 10 to 20 or JO years old, depend:µ1g on the stand concerned. In three · 
, / stand s., no inf ectioris had developed on bark over 35 years old. These 

results sugge st that bark of less than 10 years olq is highly resistant 
and that this early resistance is followed by a pe#od of increased sus-
c-.ept-i.bility and probably, in turn, by a further res~tant period. ThE1 
apparent resistance of the young bark is p~obably du~ in part to the greate .r 
e:.x:posure at the ~pex of the tree. \ · 

'l11'1e -~anker develops within the periderrn as a more or Jess hemispherical 
spot,, several millimetres in diameter, a,nd. is . enclose <\ by successive 
laye :::-s of wound p~Tiderm down to the cambium. At, or just prior to this 
stage~ resin flow commences on the surface of the bark and a resin pocket 
usual~ forms within the periderm. Inhibition of cambial activity occurs · 
sligh t ly ahead of the pathogen with the result that a circular gap develops 
wit,hin the current annual ring before the cambium there ~ - invaded. After 
penet ration of th e xylem this invasion pattern changes and in place of the 
more or lern equal penetration of tissues, longtitudinal streaking develops 
up and down the stem. The direction of this comparatively rapid growth 

......... - . 

appe ars to bc, det ermined . by the orientation of the long axis of the tracheides 
s ince the sane type of gl"owth will develop inwards a.long an embedded branch , .g 
ba;.1e u } • Y.f·" 

')!'•) fr 
'The invaded :rood is characterized by a blue-black discolo:ration which ·r 1,-:..,, .., 
results larg,31.y-from pigmentation in the hyphae. A browning of the ray cells ~,t 
in advan~e of the ~yphae also contributes to the discolorati~n. A reddish f--:. 
~o brownis~ .stain in the wood frequently develops at the periphery of~the 
blu .t--i••black '.zone and tends to be most pronounced at the apic~s of the canker. ; 
Sect ions o! cankers and isolation attempts have confirmed that p o hypha.e 
oc,.··cur in t !1is reddish zone. 

Plasmolysi3, then deplasmolysis, of ray cells from freshly cut sections 
which had oeen stained in neutral red or vital red showed that the host cells 
we.r·e killed several millimetres ahead of the pathogen. The reddish zone 
freque ntly coincided with this layer of dead ray ·cells but not invariably 
so ; and dead ray tissue occurred irrespective of whether a red stain was 
pri;::sent or not. In fairly vigorous trees, the older cankers are . ~s od.ated -
witn ·a deep furrow which extends upwards beyond the apices of the canker 
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in the sapwood. This furrowing b~yoxi ·the path~ge~ is caused by ; 
reductio_Il in cambial activity upward.s, and to a lesser ~ extent downwards, 
whj_ch results in fewer tracheides being .formed in the affected portion 
of the ring. The tracheides which ai;e produced within this flll'rowed 
zone appear to be of normal size and wall thickness. 

Canker growth re ,tes were obtamed by measurement of the length a11d 
circumference of numerous cankers of ages varying from one to over 30 
years. Measurements of 224 ca.J:'..kers mdicated a J.ongtitudinal extension 
rate per year of 1.8.511, and an annual circumference growth rate of 0.2.511. 

Gi!·dling of a stem at an internode normally occurs as a result of slow 
circumference growth. In a small stem, however, girdling may be hastened 

------- --by penetra.tion through an embedded branch to the pith and ou-t by a similar 
pa.th to the opposite side ·. Exa,mination of dead or dying trees in a , . 
suppressed stand showed that ;39 out of 43 trees had be,sn girdled by 
A_. pin~PE..~1~,-Of the 39 trees, one had been girdled by a combination of 
th!'ee cankers occurring at one level; three had .been girdled by a com,.~ 
bi.nation of t.wo cankers, and the rerud..ning 3.5 had been girdled by a 
single canker." · In trees of moderate to high vigour, t,he normal diai11eter 
growth of the host is sufficient to preclude girdling by a single canker 

. and mortality appears to result from a combinating of' two or mor,3 cankers 
occurring a.t one level, freq_'...1enUy in · the upper bole~ 

Dye i...~jection was used to det&rmine the influence of cankers on the path 
o.f W?te:~ conduct:i.on. A compl0te ring of dye beneath the canker was 
required fo:c interpretation cf its mfluence. The method adopted involved 
containing the d.ye, acid fu.c;i.sin, in an inverted cone frustrum, seal<Jd to 
the tree with an asphalt compound, and virtually girdling the tree beneath 
the surface of the dye. A total of 12 trees, including controls were usedo 
The dye was transJ.ocated in the outerrilost rings but ceased just beyond the 
periphery of each canker at the edge of the resin soaked zone. Multiple 

. carJcers on different sides of the tree resulted in movement up the tree in 
a zig-zag pattern. 

Inoculu -1, consisting of ascospores, are released .from late spring or 
early suminer until early or mid-fall · du;ring wet _conditions _. The ascospores 
begin to l)e released approximately two hours after wetting the apothecia •• 
No release has been observed in the field resulting from .high humidity 
conditions alone without accompanying rain. An accumulation of mature 
and Sl:lmi-rnature spores occurs during dry spells with the result that a 
large volume of inoculum may be released between two and .five hours after 
wetting. A diurnal pattern occurs with spores released during the day and 
ceasing late e.t night. Spore release continues for some years .following . . . , 

. death of the host,. · 

It was concluded from examination of incid~nce patterns that the ascospores 
are primarily wind disseminated. The patterns occurred among regeneration 
plants in a Yalley with fire residual trees. Many sudden discontinuities 
of incidence rates · .. occurred concomitantly with changes in slope or aspect. 
In some locations, plants along one side of a heavy inoculum source were 
heavily infected while no infections were on another side. Attempts to 
find the maximum distance of dissemination ~ithin the same valley were 
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directed toward s finding the troo~ farthest from an inoculum s6urce ''wiiich'• •:, 
had a fairly high L"lcidence rate~ ·-one plot was found approximately 1000 
feet f r om the closest inoculum source which had infections on 61 trees of · 
the 109 present in the plot . 

Within Alberta, th e disease is widely distributed at a low incidence rate 
throughout the lodgepole pine zone, including the isolated area in the 
Cypress Hilis in the southeast of the province and neighbouring 
Saskatcfl~iiKft, .• < · WJ.th;;iJ1,t~~ .s ,rwide, area . several high incidence zones occur 
in mi -eh: mt.i:!t'iple · ste m cankers are usually present. 

. . · ... ...... . 

It i ; · ct5tt§id~red · likely that the occurrence and distributiOI}. ;Pt ~ he -~~~~5i;~;~:•c,:.; 
inciden ce areas i s det errninetl: largely by the availability of inoculuntf,,.,. _ .· . i . . 
In one vall ey it was possible to trace the origin of infections in •· · · . 
regen eration pl ants to cankers on old fire residual trees. Incidence ,. rates 
close . to 100 occurred in places adjacent to the older trees but decreased 
at greater distances from · the . inoculum source ·, Since lodgepole stands 

"· usually or iginate from fires, and since the fire-residual trees often 
remain, i t seems likely that many high incidence areas, particularly in 
young stands, originated in t his way. In older stands, however, it is . 
possible that sufficient bu:j,ld up of inoculum .may have occurred from the 
.existing few ca:nke'rs"'Wni cli ''a:r·e usually present. 

The rate of build up of inoculum varies considerably and appears to be 
influenc ed by stand density. Infections on the stems of small suppressed 

· trees form apoth ecia much sooner than infections on larger trees . Apothecial 
formation ~lso appears to be hastened by the occurrence bf multiple stem 
cankers, particula r ly sporulating ones. On a large vigorous host with few 
cankers, th e onset of the reproductive phase may be delayed for over 10 
years as compared to otheri;; on small suppressed trees. Cankers of between 
20 and 3b years old without apothecia have been found • 

. High incidence rates are frequently found in stanis of high density and it 
is considered likely that microclimatic factors associated with dense stands 

· may be partly responsible. · Canker age deteminations in two dense stands 

t 

showed that new infections developed almost .. every year, whereas g,a.t~ .. .f,rom 
an open stand showed that very few or no infections occurred irt some years 
and a high propor .tion of the infections developed in a year with a wet 
summer. 

An additional factor which may be present to influence infection is host 
resistance. This was detected in one farily vigorous stand ahd was 
manifested in the formation of suppre~sed cankers, ones which had been 
·partly or completely overgrown by the host. In a sample of 22 trees from 
this stand, six had only suppressed cankers present with a mean of ten and 
a range of 4-17 . The remaining 16 trees had a mean of 31 stem cankers each 
and a range of 11-68, with at least two suppressed cankers present in each 
tree. The ten suppressed cankers present on one of the resistant trees 
were between 2 and 7 inches long and had therefore become well established 
before suppression. A further characteristic was the tendency for the 
suppressed cankers in the 16 trees to occur in groups ; one section-Of the 
stem could have several suppressed cankers present while another part at 
a different height would have only cankers of unrestricted growt~ The six 
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resist;,.nt t,.rN1a we!'":3 all dominants and co- dominants !. _ This · suggests that 
the resist&.n,:€1 rn-3chanisni may be dependent on a considerable degree of 
host vigour. · H~• •. t~:-;;e~r, r,oma· of · the other trees present, of similar size 
and ago ~ haJ. L llril,.!1:<-us c~"'..ke!'s of unrestricted growth, which suggests 

· that ho ~.~ ...,ii ~tr.n· :_;:Lnr!o :!.r: not the _only factor concerned. The· occurrence 
.of a !.ew- s1.1}Jp:•a:0:$d .~ankei .. s · on every tree may indicate_ that the · entire 
host populati ':,.,:1 ?,,Jssef?r.es som~ degree of potential resistance • 
... , __ ..._ _,""' _ _._..... .. a. __ ,,_ , __ _ .,:. .... ___ _ __ .,.. __ ..; ________________ _ __________ ___ _ .._ _______ _ 

ASSOCIATIVE EFFECTS rn CANKER ORGA~ISMS 

A. Fun,k 

In :r-eccmt. .yea~t~ ~h •.•.t\9 hn.Y8 been a number of advances in microbiological · 
researd . ;.ihi\.!i t li.3.Vi'.'l 1i.1e~~ · tmccossft11ly applied to various fields of 
pa:thol c;,gy . Th-e ::rh!_l'Jy .of associative effects between micro - organism.a, 
i.t'!- ~ivmbio~ :i~ s'r .1.£•r-.crfa:-n .3.:r.:i 2ntagonism. as well as _successions of :tung· 1, 

~·-·- ....... ..... f-- ....... ~,--.. - _,, have :received :ra:.1.~b att ;,ntion j_n conne~tion with soil-borne pathogens and · 
d.eca.y s-t-ud1.0s. P-:-,weve::·, : th1:1y havo not been generally applied to the field 
of cailko!' re :3l~.-:-t~·~h. · 

The cono.:i.ti. ,1r1s on -t;be cu:,:,face of the bark, and in bark lesions, unc!oubtedl,1' 
offer m:my c,;iport-:.:11::::Lies for associative effects between micro-organisms ~ 
.It is ~v:m-r.01~ tnowledge th.?.t these al'eas are inhabited by a variety ·or fungi 
and bac~,~1~ia., ::.~id. th&.t : tho spore inocuiurn ·or other .fungi, parasitic and ' 
sa proph:,·t -:i.e:, :l..:1 · s}.c;r,, present in sonie cases. This_ condition is not entirely-

. dissim:i:!.:.u-t o a ~oot surf:J.ce, w:1ich is also surrounded l:u an assemblage or 
micro-crg;;.n:i:mr.s in various stages of competition or synergism. · Possibly 
there are ~~lso · stcrr. excretions at certain stage ·s of host development or 
phyeiol~Bioal con~:tfot-1 which can affect the constitution of the micro-
flora ., ::.r. t~e same way that root excretions in the rhizosphere of some 

_plants affec t ti1e ·microflora of that · zo~e~ A crude example i s resin exudation, 
i: ·which -en ;!Oi.ll'P,ges the resin fungi, such as Retinocyolus; but more subtle _and 

less ohvic-i1s c.as as w.ay_ exist. · ·. · . 

:Some of th<?-pr.ohle nts and ·complications, unique to the study of cankers, . · 
seem to qf fer real possibilities for research in this field . · 1rt no other_ 
claim of dis ea se e.J:'8 there so r.iarzy- ~ - pathogens which give a poorly defined 
or confusE:d p=.:.:turc of host response. Apart .from the phy'sical aspects of 
the host . (bark moistrr'°e; etc. , ) is it not possible that there may be .._ 
assoc::.at-LYe effect i; o·perating between th.a' mi cro-cirganisma present, which _ 
contribut to ·'t:it:ir ·vi.l'."IJ.lence? Take for example Pullularia 1u11~s , which 
:J,s so f:r·eqv.ently isohted from a variety of lesions. Wardl96~howed : · 
that PulJ.rt.t~~ fo· thiamin deficient. This, of course, means that ·it is ._ 

· unable . to grow· on-a thu:unin .:.free substrate, unless it is in association with 
orga.n:i.sm which can s:Upi_)ly it . ·-However,_ when we teat its pathogenicity, 

we ~9~-ul~ta a pur\~ cult,u-~ onto a sterilized surface _ (a condition under -
-which even grow), and when nothing happens we say it is non-
path9genic~ . Thi~ may be true, but is it not posaib],.e that the supp~ of 
the nectsssa:,v groi.rth £actor by another organism could have contrib i.µ;ed to 
its p~:-asitic powi·t"? · 

. ,. ;. 

. . . 
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The fungi that are .frequently isolated from cankers along with known 
pathogens · are ~erie.rally classified as harmless s~rophytes or_ secondary 
pathogens; this i$ undoubtedly the case in most ~stances, but the relation-
ship may bear further investigati~n if found together consistently. The 
fungi could then be tested together in cult-µre and possibly in inoculation 
experiments. This type of investigation may requ:i.re a little broadening 
of Koch's postulates. 

I would like to present . a fe~ of my observations . from the Caliciopsis • 
canker of Douglas . fir, . .as evidence -t;,hat a.ssociative effects can exist: 

This canker. is endemic through much.of _the range of Douglas fir in B.C.; 
it is perennial and occurs on trees of all ages, mostly on the smaller 
b~anches and the leader. An affected tree · usuall¥ has a large number of 
cankers ·. · · 

I will point out briefly the anatomy of the cankers as a basis for the 
discussion ~o follow. 

In 1942 when Caliciopsis pseudotsugae was described, Dr. Hansbrough, who 
made the type collectio.n, suggested. that the cankers originated from 
insect damage to :1the bark, principally Cicada egg :slits. My observations 

·would c6~irm this, although I have found cankers to be associated most 
frequent:cy with damage caused .by phloem feeders, possibly weevils. The 
_inner bark is eateri away to the cambium; often .a few layers of xylem cells 
are also taken along with it, and the scraping .. marks are clearly visible 
on the wood·. Feeding appears to take place in the spring, as most d~ge 
has been found at the level of the springwood. · . . . . . . . 

In a nomal cariker, the ·cambium regenerate~ acr .oss the da_maged are .a, 
leaving a characteristic brown line in the wood. The age •of the canker may 
be determined by counting the number of rings above the brown line~ The· 
fungus .seems happy to remain in the superficial leyers oi phloem·parenchyma 
and the callus · .tissue which is produced above the scar; and wh.ich may reach 
':considerable . thicimess. Ther~ is little or no -necrosis, 

In making a large number ~f collections of Caliciopsis cankers, I found 
_that Bacterial gails were frequently associated with them, especial:cy at 
the coast. _ In a string of cankers on a leader or a br.ancp, there would 
occas!qnally be interspersed 2-3 galls •. . Usually these galls hag JJll)re 

. Caliciopsis fruiting bodies th ,an the neighbouring normal cankers-.,;,and during 
··•this past summer, in some. exp.e;riltlents with .the spermatia of Caliciopsis, I 
used: galls exclusively t6 obtain the .s.permogonia. When. these gall~ :were 
:sectioned, they had the typical anatomy of a Caliciopsis canker unqerneath. 
There appeared to be a close relationship between the twq -9rganisma . involved 
in the diseases, and so it was investigated further in pure culture, . ' ' 

' 

A light stre~ of Bacterium pseudotsugae was made on sucrose-nitrate agar 
plates at neutral PH. Then Caliciopsis pseudotsugae was inoculated about 
t inch from the streak. Plates were left at R. Temp. in the dark. Control 
plat'3~ of Caliciqpsis alone were run concurrently. The resultant difference 
in growth. was• striking. Growth pattern of. the fungus in the test plate was 
such that it suggested a gradually increasing production of the growth 
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fact or by ,t~e ~?:cterium, i.e., slow at first, and increasing rapidly at 
the end.. : G:e-owth'. in the control plates was almost nil. It thus appears 
to he a def inite synergistic effect of the Baterium on the fungus. The 
fungu.s apd_bacterium are both superficial in the host, and so are probably 
in close copt~ct. The fungus probably provides a suitable infection court 
for t.heBac fi~ ium. 

In al l the Caliciopsis cankers which I have observed and cultured, I have 
never found decay fungi involved, even though suitable infection courts 
seem to be present at some stage in the development of the canker. Ten 
common .decay fungi were tested in culture for inhibition by Caliciopsis. 
Of the t~n tested, three wer.e definitely inhibited. This slide shows 
Ster~ sa.nguinolentum inhibited by ~wo species of Caliciopsis. A readily 
extr ac~ab~o-substan ce has been isolated from liquid cultures of Caliciopsis 
,nth commercial solvents which is active against the Stereum, and other 
fungi as ~,ell, in the paper disc technique. This substance is _produced in 
a var_:i:.~,ty of liquid media, synthetic and natural, which suggests that it 
is a col??~t:i.tutive response of Caliciopsis, and therefore may be produced 
in nature as well. 4 

There are some fungi, however, which are able to invade Caliciopsis cankers 
and replac e or crowd out the fungus. One of the most commonly found fungi 
ent,eli'i(ig. is Dasysc~ pseudotsugae. For a time the fruiting bodies of the · 
two fungi may appear together around the edges of the canker, but 
even~~~~~y Caliciopsis drops out of the picture. The canker that develops 
in tp.is .-case is deep and deforming, and enlarges as the gree grows. 

Undoubtedly Dasyscypha cankers start in other ways as well, but this power 
to take 9ver from Caliciopsis may possibly be co~idered as a case of fungus 
succe ss ion. This has not been investigated in culture. 

Alt hough these few examples point to the existence of associative effe ·cts 
· in canker fungi, they, of course, do not offer proof of their general 
importance. It is, however, an angle of approach which may be applied witb 
profit to some problems. Perhaps some of the fungi with a douptful record 
of p~thogenicitf should be re-investigated from this po:int of view. 

t 

As a basis for this type of investigation, the knowledge of the physiology 
and nutritional requirements of the organisms involved i ~ a prerequisite. 
Additional knowledge· of the production of growth factors or antibiotic 
substances is also of value. With this information it is possible to choose 
conditions for experimental associative effects in pure culture. ()pee 
prov ed in pure culture, it is then reasonable to associate them in tests of 
pathogenicity. 
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DWARFMISTLETOE HOST-PARASITE REIATIONS 

Frank G. Hawksworth 

Keith has asked me to discuss host-parasite relations in the dwarf-
mistletoes:, • and I :should ,like to q.o so -by co~;lderj,pg several ~sPectS ·" . 
or this broad topic. - In line with our _theme 11Where do_ we go from here 1•j' :_· 
I .shall try to (!Jllphasize areas needing further study. · · · · · ' 

Before ,~scussing host-parasite relations,- I'd like to -niention what 
we might call the ''Pathologist .. parasite relationship". That is, the · · · · 
amount of attention that has been paid to the dwarfmistletoes. We are 
all aware that ·: there hasbeen .:a Jgreat upsurge in interest · in . the dwarf.:. :_ · · 

. ;,ffliatletoea -, in: the last few year~r, , but you may not reaiize the extent of · - · 
this ·increase.·. The·-follo'W'ing tabul~tion sholts tlie ·nurttber of north Amerioan 
papers _•:C?fi_Arceuthobium published annualfy since the ~: · · · · 

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

' . ::;,:.. 
C'."! (- t ,· , 

_. ~--. : ,\. --~-' ;-
: . . ' . 

.::,~;.-_ .: . 

Number of Publications on Arceuthobium. · ---- -
--~ 

. 1946-
·· 1947 
1948 · 
·1949 
l~O 

-.1951 
1952 
·1953-: .-
1954 ,.·. 
19$5 

.·.J.956-
.. >19$7 · 
. i9S8. 

.· . -1959· 
· . .. <:1960. 

Annual 

l 
-·:. 01..· 

2 .· 
]L : 
0 

·1 '. 
' 8 · 
12 .:· 
l6 
10 

13 · 
10 
11 

· 2-7 
JO 

z~year average · 

-o.a 

·· . ::;_, . 

· 18.2 

- -,. .. :.:.;_·. ~x-.;,. __ .. _ . .-! . -~:. - . -- . . . ·:_:; . . . . . - .. , - - . --- : . .:, ~--'; 
l11M. an~ t.~t- .th~ has. been, a ,marked upswing in the ·la,st •two years;.;_,, · · . 
Thii, '(;~4 is !'Q~tintµ.ng in 1961, as . 25. publications .:have already appeared 
thi~ (!Y,~t · . 

. .- -:._~-~·r·::!"' :. 

This ta.bul,ation points out that much of our information on the dwarf-
'imis~leto,e.s. is recent, ,but more importantly, it .. prOJllises· that we" can expect 
many mo~e interesting findings .in the . near future. , . . .. >··· 

,... . 
TAXONOMY OF AROEUTHOBIUM AND rrs HOSTS 

~e, ;p;r9bl~ . of -t;~onom.ic relationships . of Arceuthobi-um and ·its .hosts 1s ,. : . 
·:-: :vew .. ~1.;J~C ~nd . -I shall discuss . it " in some :detail. There have been . some ~--: . 

rec;~~t. papers 011 Ar.ceutbobium taxonomy, . but I feel that we are still a long 
. _way:. ~ro111 ha~ . a -.s~ti$factory treatment of this gr .oU:p. : In eontr«st; . some 
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i.i111----------- -- - -· .. -
excellent studies on-_tree ta.xcmomy _have been done recently • . Critchfield 
(1957) has given us a thorough study of Pinus cont orta . Studies are in 
progress on other pines so we may look forequally valuable contributions 
on them. 

The d:wa+".f'.m_i~tJ,et,oe Arceuthobium ·america.nu.111 occurs e~ensively on tw.o.•.o.f · . 
the : four s1.1bspecies gf Pinus cqptorta recognized . by Critchf.ield ·• · . · .. 
(s·sp. murrayana. in the __ .$j,erras -and CC;Lscades and ·· ssp. lat .ifolia throughout 
the interior of Western Canada and the United States) and, of · course, on 
jack p~e. Detai-led morp}lologic _p.--J._ ,and,-; cytological studiE:1~: of the par .asite 
on these :. tpree !lidely $cattered :hosts . cert~inly seem· warr~ted~ -

Itd alsp 13uggest t~~-t ·.W9rke.rs on . tree taxonomy ,might find ·.impor:tant clues 
to the ,relations of · hosts if they .would consider :-parasitism. : of: Al;'ceuthobium • 

.. _F9r., example, t):ie ra~e ot_ the sc9pulor .um -variety of ponderosa ·-.pine ... ih . · :: , · 
southern Nevada seems . to be marked by , t.he occurrence of. .!~ ·vaginatum • . :.-T "· 
Typical ponderosa _pine elsewhere in the st ate is attacked by!• campylopodurn 
f orma campylopodu.m<1. • __ · • . ·. 

It is with . -some mi~g-ivings that I approach the problem of .. Arce .uthobium 
taxonomy, as I 1m not a taxonomist. , . However, some comments may be · in order. 
But fear not, I don't intend to describe any new species this morning. · 
First, . I'd like to state that I'm alarmed by . the tendency in some circles 
to consider the whole !• campylopodum group as a single, ~-but highly variable) 
species.· I think that this is very misleading, and if we were to follow 
such a view we would be doing a great disservice to those concerned with 
mistletoe control. To treat this group as a single species completely 
ignores the occurrence of host preferences which are obin,ous to us all. 
Also, the recent demonstration by Parmeter and Scharpf tnat the California 
dwarfmistletoes on red and white fir are distinct suggests .. that subdivision 
of the forms, not combination, may eventually be in order -. · 

Lake Gill, · in preparing ~is 1935 monograph, was unable to find consistent 
morphological differences between eight previously described dwarfmistletoes, 
so these were designated as host-:forms of Arceuthobitnn campylopodum. That 
this was not intended to be the final . answer is emphasized by Lake\s , 
statement that his treatment "should . be tolerable as a temporary device } f~ 
pending a complete revision of the genus based qn .t;'¢her : field and · ~v,1 fl 
experimental E!!vidence11• In the q'!arter flnnturys _ince the aJtpearance of Ls;ke 1s · •r ,,,,.. ,,. 
mo~ograph.,_ I , f~e~ _-:that .we ha-ve, gained ._much-_~derstan~~ ,:~f -t~ relii~ion~: f:..,p 
ships of ~he various for.ms and .•.I ,·consider ,th :~t, .with some -exceptions, the · ..,, 
forms of campylopodum are indeed distinct and eventually they should i.be ·. 
treated as species. "-: ; 

At -present we do .not have · the ·icnowledge .n,e6essax<y-'fo"r a .revised 't axononiy·'of 
Arceuthobium. However, I ·believe- that , the . need . ·for detailed studies ··o~ 
anatomy, morphology, genetics, and cytology of these plants is urgent. . . ' . ' . . . 
• • ,_;,\• .f • I • • • - • •• • 

,,,.;,~~ ·rwe have something better, I think that we should continµe using the . 
·a.esi,gnations .for the ·-.f~rms of :!:);. cainpylopodum. . If, at some future da-t'e i-t 
1s show.n.:that the form:s are actual -ly not distmct, ·it ·will be -a- simple ··matter 

.,t,o ~elegate . them to :synonymy:. On the ·other h~d; '.:i,f., a.s. ·;Lt • appears mos·t · 
·me .ly,. :bhe .f.orms will .be shown to be .. distinct, 'literature · te'fer ·rirtg -dnly to 
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"!• campylopodumll will be of ·limited va3.ue. ·· 

· Now I'd like to use an examp1e.:..;..the · we.stern spruce dwarf mistletoe · 
(Arceuthobium campylopodum f. · microcarpuni) ... -to show why I feel that the 
f oms of ! . campylopodum are ·distinct. · Don Graham and · I have· recently- · 
prepared a manuscript on ·this topic _for Northwest Science. · 

Il:l Lake-1s monograph the range · of form nd .. crocatpum is listed as Arizona., · '· 
New Mexico, Colorado, California, Idaho,; -and ·Montana. Many of the state · 
records were based on single collections. . Job Kuijt (1960a), quite 
rightly I feel, · qu~stioned the existence of a biological form ·that 
occurred only locally at such widely scattered points ·. However, ·I 1d like · 
to remind you of -the ·important point-, -which is often overlooked, that . 
Gill I s -(193.5} -records of distribution of the forms of ! cam2;y;l9EOdU1T1 · are 
based exclusively on host associations. - Thus, · in this instance, · -any ' 
reports of -!• campylopod\lill on spruce would be listed as form microcarpum • 

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

We have investigated this situation, and have come to the conclus ·ion · . 
. that form microcarpum is indeed a dis~inct biological entity, although 

its range is limited to only two states--Arizona and New Mexico. The 
~other four state records were based on occasional attacks of spruce by 

other forms or ~pecies. The Idaho and Montana reports were apparently · 
larch and Douglas-fir dwarfmistletoes. The California collect:ion on 

. Brewer's spruce appears to be the hemlock idwari'mistletoe The status 
of the Colorado report .is not certain as the collection has not been 
located, but _ the -stands . in :t,he v;i.cinity of the collection s"ite -were 
recently examined and the lodgepole pine dwari'mistletoe is the -only 
species of' ·Arceuthobiurn present. Thus the original collection probabfy . 

. . was of this species on Engelmann spruce, a host-parasite comb:inatfon 
that we have found elsewhere in Colorado. • .· • · 

I feel, therefore, that we have made some sense out of the confusing 
distribution listed for form microcan>tim• 

But to ·return to the taxonomy-of the · campylopodurn group. · Are the eight 
forms really distinct? I can't give ~-pat li.nswer'. because l ·'"m not . .-
famil,iar with ·dwarfmistletoe in some western regions. · -However, ~he forms · 
in the Central Rockies ,and the Southwest are indeed distinct--both · 
morphologically. -and in their host -relationships.- our · .tornts can be' readiJ.i 
r~cognized; regardless of what··11ost· they happen to be growing' upon. -'·To·,, .. 
be sure, the -.. differences in some inst-ahces "'are not marked. · But . .'·in · · ·· 
Arceuthobiurn, ·we-must constantly remember that we are dealing with a -... · _ _, 
highly- pa.i"asitic .group of · plants that has undergone extreme reduction iri •·:· 
both :· i -ts vegetative and floral parts. The· sc·ppe of poss ·ible mo~hologieal 
val:'iation is sharply . circumscribed. I also · feel that characteristics · of· · 
liVing plant ·s will:j _in many cases, have to · be considered . in ·t1:1~ ·tax9nomic 
scheme. · Some of the · diagnostic features of fresh plants are ' completely 
obscured · in specimens that have reposed for ·· a half a century or · so on a · 
herbariurn shelf . · · · · 

( ,'ff~ 
•' ,~ 
,:y,;(r 
'; •~ I,,, ,. , ..,,,,., 

"'' r: ; 

I urge you to make an<l record erit'ical · observations on the hosts of the 
. various ·dwarfmistletoes in your area. This information w:U.J.·be of,,con-
sidera.ble importance in aey revised taxonomic · scheme for the dwari'nlj stJ ~ . 

,. 



While in some cases greenhouse or controlled field inoculations will. be 
necessary to determine the host ~~ges , of .. certain 4w¥i;mistletoes, 1 . 
think that we can derive even greater benefit by making observations of 
natural crpssovers •. _ After all, ' !l~-should -rern,~ber --that .~very ye·a~ ,. · · 
million~. of f3eeds. are ,sµ9.wE:lr~g. o:r,to sus,qeptj,,b+e and nonsusceptible . trees .. ·• 
alike, . anq ,all we hay~; t9 y_dq;, to . ,~~sh . in ·o.n. t~efl e. .. reC:qy-:-ma'4e. ~xperiments::~: 
is ooserve the result.s! . Of ,CPJll!Se, .. t,o have :me,~q:i,ng:f;,ul ·resli)Ji ,s we must ;• ., 
be certain of the 1dentity "6.f the dwarfmistletoe we are dealing with. · 
The. eas,?:est,_ way -to .do . tl)is .4,.f3 to , ~t -Qur •observatto~s tq ar.e.as· where . 
on'J.y q~e .:dwarf,mistletoe ts ;.pr.e~¢'p,t . 

-; • • • .• : ; : , I •• , ~):· : :. : ' ~· . .·• _ :: "a: 

In concluding :;my re.marks _on -:ta;x:onon:iy,. I s.'t;r.ongl.y .r~ .comm,end t.bRt: inten ·stve 
st.l:J,dies·of Arceu,thobil;ll)'l, :papt _i~ularfy the _ ccµnpytoP~•~um. g~oup, -pe, .under;..•;•· 
taken.; )n the -I11eantim~ T ,urg ,e 1;h,e. con.tinuat:j,on of fprm names;_ . . ;To: treat · 
tl_l.e -wh.p.fe 9&1llpyiopodum comp;Le-x -~s a sil1gle , ~pecies, is I ,.f:~el; ',c!.bqµt a:s ·. 
meaning'l~ss ·.:·~s:: 1;,o group all l!~ci pines : UI,lder .a s;i.ng],.e specitic :name... · ,, 

·- . . 

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

. Some --~~~.reet;i.ng _new j.,nfon,nat .ion . on- tbe phys;i.oiogy ·of 'tu-c.eutho:t,i1,llll. has ,. :' ,( 
appear~ , ~~,q~n,:t_ly, anq. thJs ·f;i,el .d :wil],. p:ro'ba:bly. Provide ·some real , . 

t 

insight ~to. . :t,he-.~i-tis!'l 9J:/ ,l;hi_s -gr,.0up\ qf,..p:Lan:bs. , :·;. · 

A pape; ;:1zy;,R~4is~e -:and,:st~~ ,·-·(196i) .in tl}e •~erican Jo1Jr~l -,of. &tany ·has ,: 
given us _;t,_b,e ,,f:i,rst ccm;c;rete, ;i,,Iµ'o,);'mat±on on, photosynthesis .·in .Arceut~bium ··,. 
and .. t.:ranslocl;lt;i,o~:cof . carl;x?J:}ydr,i3,tes. They showed. that · Arceu-thobium. doe•s · 
. indeed carcy 9n photosynth,ests . and ~h~t photosynthate, , parlicµlar'ly ; sucrose, 
produced by the parasite is translocat~d' . to . host .tissues~ . . Th:e •primary · 
damaging effect of infection is not parasitism per~ but rather that 
infectioris _. -ap~ •. as -?- biolqg;icaJ -,,.giz,d;J.;e thc!.t l:imits tr .a.nslocation ·of photo .~ .. 
synthate from the host foliage to -t.~.e- t .ree · r:oots .. ; · , 

Dr. -~pnard and Mr •. Gree,nh.~ , a~ the Un:i,versity _.of -California at · Davis : 
are delving . . cie,eper .. iniio"_tli~Jri.yf?~erA~s: of transloc~tion •.of the dw:arf:- :,., . . > ; fi, 
mi,_stletoes, _and, .:r. ~ope ¥e. ~l.l ;l~~n, .-.mqre: ~f. the _jx. ,:fi~g _:ingi, :at : t~e ex>nference·~ /# 

...... :., .. :···. ---~- . . :; · -· •~--~"· ; .. ;~,-~(·: .· .. --.:~·- · ,i>>· .. · .:-:·: .. _: , . -~-- · ., ___ :..~; _ _ :·,· :··:_ : _ .... ~.- .·, :, ., . 
Wag~ner (1961).. ha.s' . .:recerttly: :~~:m=>:rted,:., _:in ; qpp_areilt ... gontradict .i .on · t:o , earlier -. ·' I,~ ,, 

t(.:. 
light • . ~ \-.~~e,.S,o~x9!1ElSt, ~we _:t:w,d fl: .s;m,ilar ; situa~i9Jl J:)_µt. I ,4ontt , 1ihink -.: - • 
tha,.~ this n~_qessar,ily . Jle~{lt,_ep -~lle ;t;a.mi~iar .a,xiom; that :,,gr()wth ·ofJ;,lie : d#.a.rt;:: 1 

llll:_~t,lEi_to~, :P~t -~ is . .t'.cl.vor.~d):,y, ;L~ght • . :In. O"F l:ltuc:l;i.es .:we cS:tlSpecJ,ed '!;hat .• 
excE?sstye <iirep:t -~~ig ,ht , k:illed ,.the _ge?1llina:t;ing ,:see els, ; but t}:l.at .. tbi's · was .. . 
n~}: ~~Rr~-~~H-¥ indJ9at:j.v:~. o.f j;~e .. ef,f~.qt,s, pf_.).igll,t <;>n,:.~s.~p.Qlished ,plants:. .. · 
I nqte that the, PSW station c:1.nd the .University , o:t Calif0rnia ,Botany . .. •--~ · 
Depa.ttniel'.lt ' have embafked 9n cooperat,:Lv:e.; St\ldy . or1'. J;he:,,,light relations . ~f-' ,.· 
dwar.fniistletoes, · ·so we ·can iook to more answers in this field . soon. _.., ·. -~_ ... · · 

Anot~e.! ~sp~ct . of, , c;lwar!,misy_l,e;!;pe .. pl,lysi,o;ipgy that, J fe>el , woulo. yie ·ld 
some. ~t,e:res~ _;ing;:.~eSi\~lts is .~h.e .phy~iology of br,oom -formation. Fgr ,example, 

. . ' .. -~·_:: 
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in southwestern ponder.osa pine we find at least 3 distinct types of brqoms. 
It is obvious that the auxin .regime of . the tree is upset in witches-brooms 
but we.don~t know just how. Perhaps exper:i,ments using different syn~netic 
aux:ins along with clipping of branch term;inals might sho1{ results. · 

Another profitable undertaking would be studies of the physiological 
differences between susceptible and resistant hosts. Such studies would 
be complica:t~d and time consuming_, but I think that the rewards would be 
worth the effort. 

ECOLOGY 

The ecolog?,-c. aspects ~f parasiti~m in the dwarfmistletoes are still a 
pract,ically unknown field • . Aithough some information has been published 
on ihe d~stribution of -these parasites in relation to topography or site, · 
little ii:;, __ known of th.e basic factor~ invoived~ . . 

Daube~e : (1961) ha~ _ r~cently reported o~ ·the .oq.cu:rren~e .. of Arceuthobi~ -; 
campyl,.opodum f. : campylopod:um on ponderosa pine habitats i~ the Inland . Emp:i.re. 
Of .. seven habitat types recognized by. Dauberuriire, dwarfmistletoe was .p:resent 
on only_-two: the ponderosa/Purshia tridentata. : arid Pinus · · · , .. 
ponq.~rosa/Agropyrom spicatum types. Th~_se are the two poorest sites in . 
respect to -growth of · pond~rosa pine _. These . resµlts are similar to those -of 
Dowding .(J,929) .wor~ with Arceµthobium americanum .on Jack pine :in Alberta. 
Here she found that _there were marked differences in _the .frequency and _ 
abundance of the parasite on two jack pine sites, i'. e., 33 percent of the 
ploti;i anp. S percent 9~ . the .tr .ees were infE3c"ted in the : pine -heath ass .ociat _ton, 
whil,ij_.·w ··the Jiirle-moss assopiation, dwarfmist1etoe was- present on all plots 
and on 7lperce~t of the trees _~.· 

l'h~se. stud:i.e_s pres _en:t some interesting clues to the distributio _n of .· 
ArceuthobiUI11, .but I th:i,p.k that . caution should be exercised in interpreti _ng 
sucll -peJ.ationsn:ips .• · 1In sta,.nds , l}ec1.v_ily irlfe~te~ .• by dwar,frnistletoe the high 
mort~l:ity . rates ang. de.cline of living . tr .ees expose the ground to more 
xerophyt:fo conditions, and such changes . ·can · be expect .ed to be reflected in 
go~posi.tio~ . of the und~rstory flora • .. Thu:;; , o~e may _not be measuring the 
site but . ratller the effects . of what 0pening up the stands by m:i,stletoes 

., has done j:.o. the ground cover. Observations sugg~·st that this is the case . 
fR.-ipf~cted , lodgepole pinestapds in the . Ceµ:t;,;ral Rockies p he!e Vaccinium 
is mucl?, 11}..~re c_ollll11.on under heavµy ;i,.nfected stands than und~r lightlY. -·.· .. -
infecteg. .or :h~althy sti,1nds cm sim:Uar _sites .•• 

t 

I ~ge _-,:t,,h~t. de_tail _ed ' studies .be undertaken on . the factors aff~~ting i he .. 
distril:)ution of -1µ-ceuth<;>bium • . , The need for .. sucb informat:Lon was . forcibly 
bro-ught horne-.tq I)l~ ,a_s a result ,. of some of our inoculation studtes on 
ponderosa p:ine dwarfrnistletoe in northern Arizona. Here ponderosa pine . 
occurs over thousands of square miles of fairly uniform terrain. We had 
rather innocently asstlllled that all these stands were susceptible to dwarf-
mistletoe and that distribution of the parasite was determined primarily 
by -~*ance of . infection :· and stand history . However, our inocuJa tiop.s gave: 
mor~r: than ttm times as many infections _in an area where mistletoe was . . .. ·: : 
present as in a healthy area a mile or so away. We· have planted several · 
thous .and seeds in the mistletoe-tree stand and got so few infect±t)ns that 
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• :C doubt that m:i.stietcie could be established in · this . stand ~ We do n~t ·:: know iet · why ponderosa pine in two nearby areas · varie~f greatly : ·in " ' , , 
sus .deptibility ·to dwro-fmistietoe ;- but it =emph.3,sizes' the : great void that · 
exists in . our ··und~rstanding of the ecology 6f these parasites. 

MORPHOIJJGY · 

The· 1ah ·year · or so has seen :the pubiication 'of- 'two ·,ca.lifornia :studiei'f 
which are the most detailed studies on the dwarfmistletoe endophytie · ·· 
system that have appeared. 

Kuijt I s . (1960b) exhaustive paper on the "Morphological aspects of 
parasitism · in 'the dwarf mistletoesh is :a, m6rn,llllehta.1. 'achievement; .and · it · . 
wilt serve :as a basis for ali mibs$quent · ·wdrk on morphology• and .cytology 
of the endophytic system and on witcfies 1 '.broom='formation • . . Kuijt -ma.d,_ · 
detailed studies of the results of'- infection or · several mistletoes ori 
various hosts, particularly A~-. arnericanurn on lodgepole pine • . . Kuijt 
:µitfodu.ces the. terros .:i.sQphasic for those ·wections ' v1here grbwth dfthe 

· ,,· ' end6phytic system ' ke~ps pace with 'th~t ' of the api~es ·.of the hos.t/ (theis.e · · 
·'*e·,·have b'een calling systemic irifectioris)' aric:F anisophasic for infections 
wher~ the endophytic .· system lags beh:ind .that , .of r-the:: host (nonsystemic ' . · · · 
infebti6n). . Job has made, a real contribution in . his ·· .. demonsJi.ration t;hat .'. . . , 

: in isciphasic brooms· that ultjmate 0•£ilame hts ·of the eridophytic ' system:are: ·; 
· :-present ':in 'the apical meristenis . of ... the ·tlost br.anches ', and ' that they · -· ::, . .. 

probably I'ema:in there throughout -the yearly g:rowth cycle '. · : , . '. , 
-_, 1:-:_,,· 

&tifa:irt~va . anct Esau (-1961) published tw6 ·:·papers ·in the J\lnerican Journal ' : .: 
' ·&f Botariy on ' the relat1ons of seven dwarfmist-iet-oes to the xylem' t1s~ues 
of their hosts. Their fir:;;t paper dealt with anatomy of the sai.nkers·, , -· · 
which they f9und to be composed of parenchyma cells only, or of parenchym~ 
cel~s and tracheary elements ·, including vessels~ · Th all' species - trachearf 
::Cells· Of .the sinkers ·ha.d direct '' contacts ;with ·the nos£ tra ·chei(i.e of _:axial:~ 
-ana·· radial : systems.- · Thef report ' that ' ceri:!,ripetil penetra:tion of sii1kets'"' 
may occur to a l:iiiiited exterit, a:: conditi6fr ',al'so :noted · by' Kui·jt ' (196b'b)• · -

. . • .;,; • . 

Srivastava ~d Esau I s _ second pap'er 'discusses the effects 6:f d-w-arfinistletoe 
on the xyl:em ariatorny'of t ·he host ~- :They note that ' the ·'most pronounced ,. · ' 
ei' f'ects ·. are increased size ;·of infected rays. · However f axial host traeheids 
in . infe .ct .~d wood differ , markedly from that :'iil norinal wood·.,• Their •,st 'r*ing 
illustrations of tracheids from norinal and~ -infected' · ponderos 'a Jiine wood. ' X 

(showing short., wide, and irregularly shaped trabneidi:i in : th~ :latter} .. 
suggest that studies on the pulping characteristics of such woods are 
warranted '.: ' · Such in.formation would · be · of ~edfate -practibal · intei-est ~ in · 
The'SoU:thwest where a large-scale· pulp, industry / ut±ii~ing to a· large . . . 
extent 'dwarfrnistletoe · infected ponderosa. pine • pole timber; has 'Tecentl.y . . • 
been started. , · ·· · · " · 

. -~· 

CONCLUSIONS' -· 

ln ' .,concluding illy remarks, T don't wish to imply that I · have covered the 
field -of host-parasite relations, but · rather ·-I have mentioned only a tew· ·" 
of · the • many topics relating to this subject . -For -example, a large area -
that · I haven 1t · touched on is the factors influencing infe6tion . ' · This · 

-14-
/ ,I 

. ,,: 
( '{IC 
· t0 ~,, fr 
·t . I,~ ,,. 

f-; 

', 

' r , 



F 
whole field of· host-parasite relations is · broad, and has • so. many 
facets, that it could very well provide aniple food for discussion for ·· , 
a separate pa.ne.l, if not a Work Conference • 
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.. _,,,,,. BEHAVIOR·OF MISTLETOE POPUIATIONS · 

' J ~. ,-R: Parmeter, Jr • 
, . . 

. • 
. ··-· 

I ass'Wlle the .11where do we go from ·here?it · iri ··the ' title •,o:f-toda.y 1s discussion ,· l 
provides considerable lati-tude for the exercise 6f '~imaginatton: .. · We . 
obviously do not ·want tb' wander back over fanulia.r territory,, ·anq to . 
strike out into unfamiliar territory requires tha:t we try to imagine what 
we will find and of what use our findings will be. The area of populatio .n 
dya.mics seems worth exploring. · · ·· · · ·' ... · · · · '. · 

All biological populations, with the possible exception of man, conform 



to certain principles of population dynamics, Thus it is probably safe 
to say! priori tha~ qwarf' •mistletoe poJ»ll.ations -,fluctuate in both ·,.size "·,. 
and characte~ :and_ .tQ:at .tl1e : ~t.'lq' .¢ and .. rate ,of ·these fluctuations are .. ·· 
governed by the interaction of the .P~rasite, the : host, and the -eu;rrcund,..;,: 
ing ~nvironment. Since spread and damage by dwarf mistletoes in tim .. 
ber stands is related to the size, rate- -Qf_inor.e .ase, and character of 
mistletoe populations, it is imports.ht ·that · we· ·understand what these 
interactions _iµ-e- and ;how..AA~;~Y .-:t.ney, QCC\U'.- : .... __ . • .· '.,·; ·, 

. ,.: . 
• : • 1. • • • • - -

Soveral important ques.tions are continually before us. 11How muoh . 
damag~ .w_il~ ~c<;:tµt _l.f' .. no,,_ Q.O~~i;oa. -1 .. s __ applt _~_d-in this ~tand? 11; ''(If we , , .. 
trea~ this s~,and in a certain manner, will, _the .mi.stle'.boe ; increase or · . . 
decrease?" "How fastld,11 mistletoe build up if we t,hin? don't thin? 
leave tqe--QVel.'.story? ,remove. J,tl~ overstory,? 11,·. "If · ·this :·infeQ.ted; _.a;d..,.-
vance rep;r~du -~t.~pn ~s p~leas~4, wi,11, J.t , ·produce salable timbe.r · before 
mistletoe damage becomes ·aou,te? 11. Tne de.cision .s ·we must . make: about · ·_: _ ·i ·, 
these and many s:tniiiar ' qu'estions .. depend on our know~dge ·o.t ·~letoe 
popula .~~o~ dyn~c ,s 1-Jl ·kn,ow:J.~d:ge W.~r PQSsess -:i,p .oJlly the .vagues¥:.for-i'n at r C: ._:.-; 
present1 · --:-~';:.·:< : .. _. ·:. · ,_· • .< ' .. i 

Our knowle.~'3 : .Qf .Ane. p.eh~yiqp .of .. Jlltst;I.;eto·,s as' .individuals ., . whil~ - inQQllk•·' :·. · " 
plete, is growtng ··si-eadily, We're begipning . -to.'_,get;_a_,good. idea :·ot /wa~ - · 
·mistletoes can do. But in many ways knowledge that mistletqes oan be• . 
have in a c.er -\~in :~y_;is ,j-us_t ; ~.,Pr~limi:,;1ary :.to the : crucial .-questiion: >.· , .. -·· 
how o~t,~ an,d to'(~~ .e}.'<~~t.:.-qo-.-,1,~ey,-.1,eha,v.e.·in ,that ,.way1._ .·Tojiay.· I -:fd'..:tik-e 
to discuss some how.;.often-and-to-what- extent questions ·that have occurred . 
tQ me and my,. s.ss.o.oia,_~e~: dumg < t;he ._-9ov.rse, or·· our ,. work .on fir . mis·tie'toes ;~ '.·. , _; ·.--. 
and to , ~;u"e13t, llow. an~er~ .. t.o., .. SQ.J.!l8:.,1of :tbe~e.-' .q-p;e1:1tions l!li-ght be ,.u·s_ef'\il,1 J:: 

' ' . . . . ·/j 

Characteristics of Mistletoe Po ations - We often speak as if mis~le~e 
po a ons we~t~ o~ger:i~.gµs. ,,. T e_y_;_~re ·: ?Wever_~d~ up o.t' indiYiduala <-'n· 0:< 
of varied tn,e a.n~ pot~,iti~• ::.-~tor~ ~~ ·,9-~ ~PP~~ach, studie.e ··on·:2spread• · 
growth_ ~p~c~,,. ·c9nt~?l-, I a11d~~~~r -1p:rob;telll$:. inv9l,viJ1g . (l'lant!tativ, :Ji,e.:, 
havior, -~e· n~~d 1;~. kno:if.iS0:!1.eth;ip.g a9put -·1;he, vari~tiot1~ · within -and' among:. 
populations, - . . :: ... · . .. : . • , : .. · .:._ , · 

:t~ se~ ._.;l.i~e~y, t'Pr.. ~nsta _nc,e~ ~ha~.-·~~g~ ~9 :ho_s-t; t,re~e is .rnore:•~lose .. _.--,,·· '\.' .' 
ly as~!)9.1,a1?·ed,. wi~h t~e pp~itio~ ,of -indiy;Ldµal ---irit'ect~ons ._ than i~ ",is • .. · . 

~;!ot~~n!0!:; ~:~~~r~~u!~iei:!6~:ii~u:q~t!1
~~0~ ;;

1;!s·:r~:!~et; ·_··.·. · 
the lower. ._c~9WJl• ... Th~Y.' .. llV;I.Y_ Qe. on .. small. .. twigs, .. on main . branches, - or .on -the 
ma.in-stem. In red .fir, many of the infections are "midgets" never 
exceeding an inch in leng~~~ .. Othe?'. -:"infectioi:is ma,y;_~~a:qlv several fee~ -":' 
~ - proportion of large cankers to small cankers _ varies among ditferen~ 
populations~ In considering the impa9t _,of ~il?t!l~~oes, .which c~rs are 
real.ly damaging? What determines whether a c~ will become large or 
r~n J~+~? •~ -~-gavel'~ __ t,he, .. propor.ti .on;of -~arg~ , 1?.Q small ;:o~er.s? . _ .. ,._.,,. :. 
Can· we manip;ula~'e.. s~qs ,·to '.-,:~ec:,;.~as,_e : th~ -,_:ratj,,o c;,.f __ la,;g~ · to .:email , oankQC ·: ·, ·• 
Ini'tJffi&ti9-n ·<?_.f . tlij,.s. :t,ype ~y _:be ~~_s_ent,ia;L .. ,~o pr,eqi~ .e es'tima,t:i..ons, cit · .. ~., : . _;-! 
gro~h irnp.~~t SJl_d . t~ ,Pl:'ecµ.c~ipn ot fu;~'llr.e d~ge~ · ... · · , , .· .-. .. _· _,· . ''.·; , ··. : ::-. 

Reprod~cti,;,;· ·capa~ity"is' ·a1s~ -vari :~~ -~.· ,.Th~ p~po;Mon _ ot .f~t:t.ng'. 
the. arnoiu:it--o.! .seed per Wec.tiall diUers among po~ ,, 
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----i~tions, as abks the position of these i,infections,c :tn~.Ghe tree ~~cl ~ --the ___ ,_ ---· -~· ...... ,_ 
stand . Wha.t_:deterinines the ratio of fru:i:ting . to qi;mfruiting female in-
fections? What determil').es whether plant f3' will produce -few or many seeds? 
What is the average reprociucti_ve span o.f. a ·mistletoe plant under various 
stand .conditions? Gan _we-reduce ·_the reprodu,qtive ' capacity of a mistle ... 
toe population thre,:ugh ... ~_tana ~pulations? '._Can-we Jpdex _reproductive 
oapacity'l •. If - so,. can ~~~d~tertnine pq·ter~:t,.ial rii.t~ pf increase on the 
basi~ of Ile~od'uctive ca'.pacity? Which canke:i:-sc,are most i.niportant in 
populationinorease? 'interior cankers'? QV~rhead ·cankers? nearby cankers? 
Tn~s~.:al'~::w quest i.~s th~t cent,er around ,the ability -.of a P,Opulation to 

. · increase and . thereby ;3tO . cause damage• Answers to these ·questions would 
:. aid .i.i:i:the '.'predict~on of future increas~s in mistletoe .intensi .ty in 

·. ,_: giv~n_ stands •. : ·· · ; · _. · 
--·•.' 

Ihngevi ty and mortality o:f mistletoe infections are q~i te. different in 
different stands. ' . The ratio of infectiqnto mortality may have a marked 
effect on population increase • . . Can we determine longevity and death . 
rates ·::.t'or variou,s : populatiops? ·Would such determinations provide a . 

· ·b~e.i~- fQr estimating rate o.f in6reas _e and_ ,future damage? Can we manipu-
late ·a stand · to -.,increase the death .rate o'f..-111istletoe infections? What 
f aotors . are inv,9.lved in rliistle .toe mortaJ:i ty'Z 

. ·. ' . . .. . .. : :··. .. :. .. . . -~ . . 

The'-.c~iio.teM:~tice·c1:i~~ussed above .'?re ·only ,'.a,-f ew pt '-tli,/ p6ss1ble quan-
t i tative ·'mea:sm-ements that Jnight<be. ,.:i.ndicative ··o:f the c·onditiori of a 
popµ].atfon . and that mign;t, 'th:~.ret'or<f\'pron4e -a • basis _ for -pr~picting how_ , . -a gi veil_ popula:~:!,.pn might benav;e .. ·~· To.::,~e 'ti~~ble, such inform:atfon _ woul~ 
have to ~e ·;correlated wj.t,~ ob~E;rva:ticm~::.o~: actual rates of i.norea._se :or 
decrease. '.:} -.-.-:---= ·· ·.·. . . .t.\J ,· . 

• ••·•• . .. ••: . •• ••:: ( •,• • · ".:"< • ••,•,\•.'•~• ••: ... ( .. ••• •~_t/;• ·.,:,•~,·•::.: • •• •• • ::~, : • • • ', • • ,•h • • , 

Rate~--,of-.. a:ctivit ·· in ·~a =-~-.-mistl¢toe '. -o _ulations ~ Measur~ent 61'_ r~J,es of 
acti 'Vity .. pos~-s ,a- <lifi'ic J; ,_ probJ,.~~- /,II\ , order tG det,e]'.'Jllin{:l . . ~-ates; i i t is , .. 

• ., .. , • - ~ •• -. , , I. • ., .. . • • • • ... ' -:"'•, ,. ' • • \ .• '. ' . necessary · eithe:f to ,observe ·: activity , over a period , of. years . or ··•,to ·.recon - . 
et~c~ ,--~?t ~t(ty '~· -,.ijast ·-· years. Th~ latter. , has; prove,~, feaiible- ':i~ :-.the ·_ · . . · 
case . of inf~s.-~ed·t'irs. By deveio ,ping .. !1!,ethods, lor ag1cilg.-.cankers.; :(t~ rat~ · .. 
at wh,~p);l·-hew infections_ h,ay~ ·:de'v~~9.pe~· _an.4. the . rate ·'a,h ~hich the " crown 
has ·_bEien invaded c.~ -l;>e;d~~.e.tnii~~q.-wi-th r~asona,ble -acc~c:r~ · Can we, 
by reconstrll_C.~il'.lg_ pa1.3t,·b_en~vi9r/ _g_1:3velop methods_ for prec;licting future . 
behavio;rr '. :-cari -x-at'es ~-trf•:· a.c.~iY,i,t,y b~J co:rrelated 'with ~-charactel;'istics · of . 
mistletoe ·popµlati!on~~? ·:,Subb meth~ds wouid be of great va1ue in deci'cling · ·'. 
how :to tr~a.1;,' var.iously .tnfe1;1;t,ed·:'stan.ds. . ., ' ·:, ; . · ··='· 

If w~-cari·d~~emi~e 
0

i~e ,.r~~~::,at ~~i .ch a -~stletoe ... popui~ti~
1

n-' advan~-es 
. ver~ically -t-hrough the . crown .o.f :a ''r,'~,ee 1 . we. niight _we]J. be_. able to cornp~re 
.-tne · rate of vertical adv.ahc~:of -thi(mistletoe .with the rate of vertical ., ,: ,-:: 
extension -of the ,,crom,i'; : an,f -~h~reby, predi.c~ {h.ow I!IµCQ:/~infect~d ;,erown ··a

0
_· • , 

tree could inaintain ·.'.diirih'g,;a~ growing- cycJ.e. ·· Ast?uming. that g:rclwth, .. .iJri .. · ·· ,-,. / 
J)aet _ is related, J,µ.,pa:rt .at least, "to -the pe;/ c~#.':0.( the ·cro~ in..::,,~--~-.::~·:_. 
/ected:, we. might then be ' able .to ·pr\~di,9:t;;: 'wi th \._~ptft¾' a.ccuracy>f\ir,;lr,e3i-. ·: -
losses . · · · . . .. _. · ·:. -~.:-_ :,:1, ·; :·, ·.t · · ·•·' · ·.-

,i ' • . \ \_.:_~-'. ' •· . 

An~ther i~ortant= ~ fac ·et.-; f, -~6paj.,~ticiri dyrnunics involves natµra1 ·i~1ng. 
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Ideally_wo wollld like t .o.b?_ ?'bl.e, to p;red~cf from_ e:riy ~,iyep. p._s>s,t,':'.',,Il)J~t;I,-_~.t9~::;. 
clima11/tV:s:1tuatioo. !·.tne >-fut.ure · o'f~ a:''•'s'ta:nd·'~ncrer any chot1·tn " tri~'t,tnerit~ \\)hi.i~f .. ,i 
wo may never achieve this precision, we cari come a lot ·closer than we a.re 
now. · 
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DW.ARFMISTLETOE CONTROL 
THE PRACTICAL.APPROACH 

James W. Kimmey 

SJ & Jessie E. Quinney · 
Natural Resources 
Research Library 

Control of dwarfmistletoes in western coniferous forests by silvicultural 
means has been advocated by forest pathologists for more than 50 years. 
Some early forest pathologists, including Weir, Hubert, Meinecke, and Long, 
reported the severe growth losses caused by these parasites and suggested 
control through management practices. However, forest managers paid 
little heed until in recent years, when more intensive management made 
them aware of the need. Before the 1950 decade only a token effort to-
ward control-- often none at all-- was usually practiced. Such effort 
ordinarily consisted only of marking heavily infected overstory trees for 
cutting and did little or no good. In fact, on areas where partial cuts 
were made, this probably accelerated spread and intensification of dwar£r 
mistletoe in the residua~ stands, 

WHY NOT PRACTICE CONTROL? 

Why have foresters been so slow in-taking action to control dwarfmistle-
toe? 

Probably there are several reasons. First, many harvest cuts simply 
disregarded future stands, Second, foresters were reluctant to believe 
these parasites caused appreciable damage. Third, they did not know, or 
talce the trouble to find out, how to effect control through silvicultural 
methods. Fourth, they were not satisfied that control costs were eeonow 
mically justifiable. Fifth, foresters believed that eventually a chemi-

. cal means of control would be devised and that they could go back later, . 
if necessary, and spray their new stands from aircraft. 

Headway is now being made in alleviating these five reasons for not 
practicing control. Now that forest management is becoming more inten. 
sive, nearly all cutting is done with definite plans for future stands 
on the same area. 

Western pathologists, through extensive surveys and intensive research, 
have accumulated sufficient evidence to convince most foresters of the 
mortality, growth loss, and other adverse impacts that these 'parasites 
cause. From all evidence now available, adverse growth impact caused by 
dwar.rmistletoes is probably l billion board feet each year in westei-n 
coniferous stands. This loss is greater than that from all heart rots "' 
in infected stands. As overmature stands a re cut, heart rot losses di• 
minish and dwarfmistletoe losses increase unless these parasitic p).ants 
are controlled, 

Forest managers are gradually becoming aware that silvicultural control is adequately supported by research, is biologically sound, and is not 
complicated. Dwarfmistletoes are among the forest disease organisms most 
easy to control because of such biological characteristics as their slow 
and short-distance spread, their host specificity, and their facultativ• 
nature. Adequate instructions and guidelines for control are now av.ail• 
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able, and they are adequately supported by resee:rch and experience. 

Economic justification for control appears now to be the greatest stum-
bling block to starting control action programs. The 1 billion annual · 
board-foot loss nearly equals one-te:.:~;h of present net growth in all 
western softwood sawtimber. When evaluating this over-all loss one must 
realize that ~n the main Douglas-fir region of western Oregon and Wash-
ington there is no such loss in Douglas~fir; obviously t~en, percentage 
losses in stands where these parasites occur must be much.greater. As 
an example, in Mo~tana, where dwarfmistletoe surveys have been made, pre~ 
sent growth ;impact from these parasites is equal to 23 percent of the net 
annual growth of Douglas-fir, western larch, and lodgepole pine. Recent 

·growth rate studies by Andrews and Daniels, Gill, Hawksworth, and Pierce 
indicate that it is logical to estimate that diamet er growth on infected 
stands will be reduced by 50 to 80 percent a.nd height growth by 10 -to 40 
percent, _varying by tree species. 

The earlier in life a tree becomes infected, the greater is the growth 
reduction and the more rapid the damage. After a tree becomes heavily 
infected, annual new volume growth decr eases t.o a _very sn;all percentaee 
of that of .normal healthy trees. Besides this great reduction in volume 
growth, other losses must be considered in economic justification for 
control: seedling and sapling mortality, weak.ened. seedlings, and pro-
duction of fewer and poorer seed. Other less tangible losses, such as 
predispositio'n to other diseases, to insect attack, and the increased 
fire hazard caused py both living and dead witches' brooms and dead trees, 
should also _be consider .ed. 

I'm sure that .economic jus _tification is obvious in many ar~as. And in 
any commercial .stand, control may be justified if control costs are prora- · 
ted as they should be, over several succeeding rota -tions instead of j:ust . 
one. Proper control, especiaily if complete eradication is accomplished, 
is effective, not in one rotation only but may continue indefinitely 
without further costs. I hope that in the present study of growth im-
pact and economic justification for control being conducted at the Pac.i-
fic Nor-thwest Station, control costs will not be charged to a single crop 
rotation. 

The fifth reason I gave for .apathy in ·silvicultural control was the wide-
spread hopeful _assumption that someone would find a chemica~ means of · · 
control. Considerab;l.e research toward th _at goal has so far netted few 
encouraging results. Most pathologists now realize that a great amount of 
further research and a . long anci' expens:i. ve development program will be , ._ 

--needed_ to ever get a· :means of chemical control that will be satisfactory 
under forest con(iitiohs. The very characteristics of these paras i tes 
that make them so amenable to silvicultural control impede the discovery 
and development of a means of chemical control . Their facultative 
nature and their host specificity are enormous hindrances to ever de-
veloping a single general chemical that will operate effectively against 
all dwarfm~stletoe species on all host species. Even were such a miracle 
chemical available, · it undoubtedly would only supplement sil vicul tural . 
contr _ol rather than replace it because of the relative control costs. To 
me it;is clear, · as it should be to most forest managers, that we Ca.?l!)Ot 
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defer control until a suitable chemical treatm ent is available. Control · 
has been deferred ·too long now. 

SILVICULTURAL CONTROL 
i The most practical control of dwarfmistletoe is through silvicultural . 

practices. Control should be carefully considered on every infected 
area when any type of cut or other silvicultural treatment is made on 
that area. The best time to control dwarfmistletoe in a stand is when 
a harvest cut is made. The best type of contr ol is complete eradica-
tion of the parasite. 

Clear Cuttin g 

The best control, under the most economical conditions, i s effect ed at 
the time of clear cutting. Then all host trees (including seedlings) can 
be killed, and dwarfmistletoe can be completely eradicated .from the 
cut-over area. New infections in the new stand then can enter only from 
the borders. If borders for clear-cut blocks are properly selected, 
much reentry of the parasite can be prevented. If no infected border 
trees are left, the area may remain free of dwarfmistletoe indefinitely. 
In some forest types, it is not difficult to select borders free of in-
fected trees. Openings such as streams, lakes ·, meadows, highways, or 
other cleared rights-of-way may be free of all trees; other borders may 
consist of stands of nonsusceptible tree species or uninfected trees of 
the same species. Clear-cut blocks should be as large as it is practi-
cal to make, them. When such cutting prevents natural regeneration and 
planting becomes necessary, unplanted border ijOnes should be left ad-
joining infected border stands. Or, these borders should be planted to 
a tree species not susceptible to the dwarfmistletoe concerned. 

To control dwarfmistletoe, it is often better to clear cut large areas 
and plant than to -cut small areas in order to get natural regeneration, 
especially if the naturally regenerated stand will contain dwarfmistle-
toe infection. Why insist on natural regeneration with dwarfmistletoe 
infection, as some foresters still do~ when planting will be better and 
cheaper in the long run? Such an area may end up with nothing but costs 
and lost time. Planting eliminates overstocking and thinning costs; per-
mits uniform spacing, selection of speci es, control of seed s~urce; and · 
it assures dwarfmistletoe control. 

In the Northern Rocky Mountain region the forest managers I biggest prob- \. 
lem today is overstocked stands. The over-all growth loss from stand 
stagnation is probably greater than that from dwarfmistletoes. In ,the 
past, many infect ed trees have been left on so-called clear-cut areas 
in · this region. These were cull tre es and other trees unmerchan·~able 
because of size (including advanced reprod uction), whi'ch.have supplied 
abundant sources of infection for the new, stands. Many such stands are 
now so stagnated by dwarfmistletoe, or by overst ockin g, or by both con-
ditions, that they may never reach sawlog size. If large are as are clear 
cut, follow ed by thorough cleaning to kill all re sidual tre es of the in-
fected species, and then planted with t he desired species at optimum 
spacing, maximum production on the ar ea will be ass ur ed. / 
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Whenever e.n infected area is clear cut, complete eradication of the 
p::E'a.sites sho-~d be striven for. Cleaning out of all residual in-
:f cction in rnch areas is the most im:portant step in dwarfmistletoe 
G8r;.trol in this type of silvicultural cutting. Cleaning may be done 
by cuttir.g with Et:;:: and saw, by poisoning, burning, bulldozing;' qr by 
a co,-nbi.nation of two or r.tore of these methods. Cleaning , clear-cut 
cireas i:r_rnediatcly fo°llowing logging has advantages additional to 
ciwarfmist-letoe control. It rids the area of undesirable tree species . 
c.f :idve.ncecl reproduction, shrubs, . arid other unwanted vegetation; and it 
p:r-ep,tre s a desirabl3 seedbed for · natural regeneration or seeding or for 
pl::mt~_ng. 

Other Cutting Methods 

Clear cutting is the best silviculturcl.l method of dwarfmistletoe con-
t.:::olJ but it is not the only one. Control in partial cutting is a less 
desirable moth_od because it costs more and because it is practically 
·:..::p6ssibie ·bo e~adicate the parasite completely. When complete eradi_; 
cati~n is r:ot attained, control may be satisfactory for one rotation, but 
the potential for buildup of dwarfmistletoe is still present on the area. 
This necessitates a continuing control program to keep the dwarfmistle-
to0 at an innocuous level4 

In any sil vi cul t-ur~ontrol operation the aim · should be to eliminate as 
much of the ~~arfmist]etoe as is practicably possible. The nearer com-
plet,e eradication isA.ttained, the better will be the control. Unless 
a loH level of infe6tion is attained, the control effort is wasted, In 
fact, infection maf be intensified and the condition worsened by insuffi-
cient control measures if the operation opens up the infected stand with-
out killing enough of the dwarfmistletoe. The maximum allowable infection 
t.hat can be tolerated varies with the stand 1s age, .density, and other · 
c0nditions. 

In mixed conifer stands of the West, natural control of dwarfmistletoe 
has been going · on since the parasi te 1 s origin. Nature I s method of con-
trol is stand conversion from susceptible tree -species to nonsusceptible 
species. · Host specific~~y _of the dwarfmistletoe species and forms makes 
this type of control possible. This control process is -very slow in 
nature, but silvicultural treatments to manipulate the tree species in 
a stand may greatly hasten it; and then it becomes a practical control 
method. Species conversion is best suited to stands of mixed conifers, 
where it may be accomplished by cutting to favor the nonsusceptible tree 
species and encouraging their reproduction .on the treated area, or by · . 
planting, or by a combination of the two. If this method is employed in ~ 
pure stands, ·planting is required. , 
Eradication of th _e parasite is not necessary or even desirable when the 
stand manipulation method of control is used. In faqt, dwarfmistletoe 
infections . will aid in the suppression of the susceptible tree species 
arid thereby'hasten conversion to the nonsusceptible species. 

DIRECT CONTROL 

. Direct contr'ol · is dwarfmistletoe · eradication without any. sil vicul tu.ra.l - . .-: 

•yJI ---+. 
. ....... 

• r 

,. 

•,, 

' r , 

{t 
·/ 



p 
operation. At times such control is desirable and may be economically 
justifiable when values at stake are exceptionally high, or when poten-
ti~l dai:nage is great ancl eradi _c~tion cq~tl? areanall. Exam.P,les of . high 
vaJ.ue where such control :might be used are adniinis -t.rative si~es s:uch as 
areas around ranger stations ·; or on high.:..u.se recreational arifas · s~oh ,as 
campgrounds or summerhome sites. An· example of great damage potential 
where .. cpntrol costs are small _ j,s an . extensive ~eedl .ing _ or sapling · st .and 
con_tatriing on;J.y a few small infection . centers •. . Wheri d~al'.'fmist;Letoe is 

. <;;radica:ted iri ttiese few centers . whii~ tli~ trees are sma:IJ:; :.c,o~ts :fr!=l . .. 
·1ow arid 4amag~ of great potential is preveriteq; :. The younger the stand . , 
and th~ sm~J,er the inf .ectfon c·enters , the greater is . the possibility of . 
cor,:plete ·era.dica.1;,ion · of · the -_parasites. ·• When. eradi9a.tion is complete · ii;i :·• 
th~. ;few. i.nfect;i.on cente:r;-s, the present yoµng, st~nd. will be protected ~ver 
an extensive -area :tintil maturity, as w.j;l1.stands on-this area iri s~9se; . 
quent rotations. · · · · · · · · · · .. · · ·· · · 

RESEARCH NEEDS .. 
.':; : 

Although past research, e;q,erience, and· surveys have shown th -~ ~rgen _cy 
for control and have supplied practical means of control, more research · 
is need ,ed to supplement present know;Leclge, . r Tl:l~re are sti;Ll some tough_ . . 
prbbl~ms Jiq :·oe solve<i, ·parttcularly : in .. c9r;re_cting · conditions caused , py . , 
past · .. a,patfor in contrql. · · Prob~'l;,ly :the ·gr~ates~ . problems exist in the : 
UilWercharital-)1,e, young._st~ds .· tlja:t a,re nqw . eitensivelY infected with. 4(-{art~ 
mistletpes: ·. How ar~ th~se young sta~ds ;_,\9 .·:.Pe :treated? ·, Detailed ·J,nforzna;. 
tion pn growt,h impaot _µnq.er a wide range tof :,stand concil,tions is .need~q., 
and . costs 9,t -·various coqti-ol proc 'ed~es in :,sµch stands . mµst ·be · deter.:. · 
wined '.b~for ·e .the .que$£ion· ·oan . be ·answeie4, .· .'The .. answer hinge~ on .the . 
ecoi:i?nii?s}:,~_,.th~ - s:Lt~a~ton. .!;fowe:v,~r t~is qu~_stiqJ'l .)l).ay eventually : be ·.answer-
ed, it is ·not likely to change gre~.tly tqe :present recommendations .fqr 
practical control in merchantabie. starids • . - . . . . 

Ther~ -;~~ -~µm~;ous fag~t~ :._of '',controf p;oc~d~~s invoiying various h~s~ ... 
and p~a~it~ spec~es 91?,d f9r.~ that need more. rElsel?-vch, and experi(J!n9e •>•:· : 
befor,e .;:i;t .w:i,.1,1 .. be :BO~~ib~~ t9 a;J.w?-ys selec,t. the mos.t effic .ient silvi~ultu-
ral -1 tre~tm~nts for ccmt~q;t,., r :However, enoµgq is ·now knoWljl. to desigri :· . . . • 
e±'fective qon:trol meas.ur~§l.:·ip nearly :all :fol'Ills .of harvest c,utting. ~-.Forest 
m~agers '. sho-qtd 11ot' :wa~ t)·o~ . _further . refinements, .· but, should pra~tice. ... . '• . 
contro ,l ap.d Ifeep d,etail:~~ i.-c:ost records , tl;tat will supply much of the need--
ed ,.information to achi~ye ·. the§le refinement;~, .Mu~b, can be learned by: do ... :< 
ing: 

ft:'1 .. --~"""'~-..,.~--:r----,.::---~-::T"'~--.,..~--------------- - -"':"t~--------:------~-:--~------ .. .. --
. . . ·.· ·f 

TAXO~OMI9 -STUDIEq ,ON:,Ev,NGI ATTACKING NEEDI;ES OF PINUS PONDEROSA LAjlS, 
IN ~:j:Z,QNA. AND ;·NEW MEXICO. . . · .· . . . · ·, · 

P. D. Ke~per 

Studies iqitiated ,.in 1957 with Grant-in-Aid funds from · the Rocky Mount.Un 
Fo~est & Rang~ :Experiment Station of the United States Forest Service, · , 
s~9w;._-Vp t ,\wo dj.;sti_nct classes of pathogens occur in nearly all of the 
National fol!~_sts of tll,e area. Both needle.:..cast and needle-blight fun~1 -
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may appeci~ sin~iy or il}•~·ci~rnbina tions on· the ·, flam~ trees 9r · stngle rieedles .~ 
Pathogen: compiexes were tht\r" rule, .rather ·than 11mon<>." infectio11s by on~· 
organism •. • .······.; ... o_ f ·.· .. ·. -,':.:.. . ::_-- ' : . . . . . .· . ' ' ·· 

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

Thc(in6~t: tr~ctu.e.n tir · e~~ow-t ter~d : ,c~m11ie:it: c~m,s:1:st~d of .. ?-~al:. }nfec ttcitis . br . 
Elytroderma : deforfj:ians · • (Weir) .Darki:ir (a .long;.;.recognized ~e¢dle-ca;,t fun.:. . 
gus) al)d a species farmer ly de~ignB: ted Phacidfum planU:n{ •. J'. .J. Da v;i.s. The 
latte~ .was :a~so conimorily .r?~d on sin~le .!1eedles .inf~cte<:i also by !!lE2,-
dermell~ ;med~sa. Dea~~ss '.~ ... ~n., a4~iti?r1 to Pinus : ponderosa 1 Phaciditlin_was 
found.on ·the Coronado. National Forest~I1ear S~ffor,ci, Graham;Co~ty, · 1n 
aEfsocfa tfon. with Hypoderiiiella iarcuata Darker ·on · Pinus ·. strobif ormis • . The 
dual::'"·iri.fectidi:i results in Severe . necrosis · of . neefiles. • · 
Coryneum cinereum Dearness wa~. ne~ ~s severe in 1960 and 1961 ~sin 
previous seasons, although the fungus has extended its range in the 
North Kaibab .and on North Rim of th~ Grand Canyon, in some of the re- . 
creation.al a:teas : : ' . . . . . : .· . ·. . . . . ' ,' < -. .--. . ' . . .. · . . ·· ... · 

.. '. ,' :\ . . ,. . · .. _·;:: ·•. . ..-.. ' 

The: h±s·topa'. tho logy . of ·· ftcigus :Cinfected 'needle 's o:tlPinus . ponderosa : ~as . 
evaluated and·· :i'.ri-' many cases ··'. tb:~'•fungus i.formei-iy designated Pbacidium 
planwiiJ 'when iri combina£~01:3.·.¥th Elyt,roderina;·· · c~used : complete '. ph:J_~E:im · .. 
collapse~ . · '-rhe pJ;'esenoe.;;of .'h;S'pnae·•1in the phloem in·. such neeqles, · ·a~d in .· 
tho13e.' infected 6Qly '. by' ' Elytrodyrriia '>cief'ol:'man:s . (a _t~re __ ~itu .atio!}~ 'i.s ;n ._ 
contrast .-1t6 '-previous reports ··"as '!to ·· the . actU?-1 agency ' responsip~e : fc,r , , ... 
sievs->fai13e Collapse/ · Intercelliilar 'hyphae is · demonstrable befa.ie.$n sie\r~~ 
tube elfunenta · :if . free ·-nand . sectibi).a 'are treated mth ! 0:25%· Or.ieillin BB. 

,. '·''in J%0
: a'.cetic ' acid ·in :-pr8P6rt±ons "·6rx1·:part -to 9 pa:rts of iacto2phenoi. · 

No he~tirig :-is '·required for siioh"·ptepa~~t:i):n~1_3! ·;".' ··/ ,.:_..::. ,' · '--~ · . . ·. ··· .· .· 

1 

In addition to the hyphae in the phlo~m, in cases of Elytroderma-~-
dituif:infections,, .:myceli~l thfeaas of various di~eteff3 could ' b~ .o'c,- ·· · · 
served' in ''the ·xylem:'ray •·elfimerits and .iri vess€ls~ :·.Iri vessels most :of . 

--the ·sec:t:fons • showed·hYPhae ·in cross-sections ?· ~fref·presertce ·'of ··hyphae , 
in endodermal ·cells ···as · well as •the '·adjacent 'transfusion tissues· was of :.' 

:!intefest. . It was. •evident that . pi ts ·in the fotmt':ir' :cells ( endbcle.ririil} ' . . 
oftel' F'served as modes· of passage throu-gh arid into ~~dJacerit :'cells~ . . This 
is ·in contrast to reported : .activity in 'Lophodermitimo · !n , addit~on to 
hyphae ·or usual diameter, enlarged:, · brown, thick-walled nchlamydospore-
like11 cells frequently occupied ·<.;ndodermal cel,lso 

,,0f -interest ··was the observation ·of numerous rl:ls:Ln ·ducts ·instead · or· the · 
usual 2 to in ne~dles . of Pinus ponderosa in tr~!3~ .. harb<>rin.g fhacidium 
sp.' arid-;Coryneiliri ·cinereuni., eithsr alone O'r in a ·Aoitiplex~ ·, 'I,n mddit:i.on, 
the normally-positioned resin ducts often had so.Jcalled : cysts iri 'them.-
This seems to indicate that resin cysts may occur in situations other 
than the infections by Elytroderrii:a;;: 

In ;Q.a.s.es.. in which ·,more .than the usual number ot :resin ducts : occu.rr~d, · 
some o;(_,them were situated inside the endodermal: 11ring 11 ·so that ·in reali;,;· .. 
ty th,ey were in .close association with the vascular elements. · ·.-,The normal ·. 
situ.,ation is · for .these elements to · be.·•situated , ifi ,:·th€i 'needle-mes0phyll; · · 
Numerous cases of "misplaced resin ducts 11 were noted. At least one pre-
vious report has shown that such an•. abnormal condition may occur 
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also in Pinus sp. subjected stress from drought so that these observa-
tions _ may reflect the numerous below normal rain and snow-fa.11 years in 
the Southwest. 

Another pathological -phenomenon not observed in non-inf'ect ed needl es was 
the occurrence of sclerenchyma insid e t he vascular cylinder in large 
amounts. These cells did not stain at all, either with Orseillin or 
Cotton Blu e, in fresh materials cut free-hand. 

The ~ungus formerly designated as Phacidium planum J. J. Davis was st~-died 
in deta il by Dr. Richard Korf, Cornell Universi ty, Ithaca, N. Y. as well 
a s Dr. Gremmen in Holland. This pathogen, after study, has be en inserted 
by Dr • Korf . in a new Family: Heroiphac idi aceae, and will be desi gnat ed in 
Korf 1 s forthcoming monograph as Hemiphacidium planum (J. J . Davis) Korf~ 

A needl e -inf ect ing fungus ·on Pinus ponderosa in Arizona and New Mexico, 
·causing small, round to irr egularly-shaped concolorous 11bli$ter-lik e 11 areas 
and pr esen t almost .universally throughout National Forests i n th e region, 
has been found after detail ed study to res embl e both Hypodermella concolor 
{Dearness) . ,Darker and ·H. cer ina Darker, with no consistency in appearance. 
This ·fungus produces hysterothecial-like · locul es in need l e tissue without 
any delimiting of the fruiting cavity other than the host cells. It is 
considered as being a variant of H. cerina and is in need of further study. 
This species, at l east in Arizona~ produc es its asci and asc ospores earlier 
than most of .th e described Hypodermella spp . , mat ure structures being 
commonly found in May. 

A recently approved State Research Project at th e Arizona Agricultural 
Experim ent Station will permit further studies with r es pect to needl e-ca st 
and need l e -blight .fungi. On the Prescott National Forest, Pious edulis 
Engelm. frequently is attacked by thr ee needie fungi, and thes ·e are often 
present simultaneously. One of these bas been identified at National 
fungus Collections as Lecanosticta acicola (Tbuem.) Syd. (Scirrhia acicola), 
and requires further stud y. · · 

---------, -------------- ------------------------------------------- ·----

, '> . -: 

FOREST DISEASES AND·THE PROTECTION AND 

MANAGEMENT OF RECREATION AREAS 

H, R. Offo r d 

- ·T'he purpo se of this bri ef . r epoi-t is to stimulate discussion of ;t he int erests 
and responsibilities of for es t pathologists in the management of recr ea tion 
ar eas. This is a top ic al i tem tha t i s rapidly incr ea sing in importanc e . 

t 

In Qalifornia during the past two years Park Servic e and Forest Servic e 
foresters ha:ve had occasion to ta ke a close and sea rchin g look at tr ee 
hazards and publ ic safety. This is one of the more obvious probl ems on 
which the advice of pathologists is bei ng sought. There ar e many oth er 
questions about diseases and physiogenic disord ers and th e ir significance 
in relation to plann ed use of r ecreatio n areas t hat shoul d comm~nd, our 
at t ention. Perha ps it would be appr opr iat e to establ ish a work committ ee 
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of the Conference to stimulate int~rest in these problems; · 

Managers of wildland recreation areas are becoming increasingly a.ware 
or th _e need for careful . pl _anning to insure maximum: use .and longevity ·of 
desirable !)la.nts. (Cliff 19.57, · The.de 1957, Weyerhaeuser . Co. , 1961, . 
Nord and Magil+ 1961, May and Chandler 1956.-) Pathologist .s· have. long 
taken a · special interest in the il)lpa.ct of · diseases, defects, and dis- · · 

. orders on the vigor, aesthetics, and life expectancy of trees in high-
use areas around buildings and in designated campsites ,. (Meinecke 1927, 
1n8, 1932, 19J4, .1937.) Federal, · State, and industrial , foresters gene.:.. 

. rally recognize -that the establishment and effectiye maintenance -of camp-
_grounds for continuoufl _-use of the public calls for constant vigilance as 
. to the condition of soil ·and vegetation and p:i;ompt,use · of desiTable · correc-

tive measures. 
, ' . 

Unde~. int~nsified use normal long~range ecologic trend ·s . of vegetation .a.re 
strongly influenced by compacti on of soil by people, . animals, and vehicles 
(National Park · Service .. 19_54, Hurd 1961, L-1~tz 1945), by _ intt-oduction of . · 
polliitB;n~s -into . the soil a.nd_the atmo~phere, by cqnstructionahd_pavings, 
c\nd by clir~ct attacks from diseases, insects . (Hau ,,1958), and animals .. ·. 
( Ha1.ls and . Crawford ·1960, Hurd 1961) .• For.tuna _tely . the economic .:.considera-
t,ions that" plague the manager of a commercial, fo:i:;est cio not restrict . the 

.recreatio~ ,manager quite so sharply. Nevertheless decisions -on the plann-
ing of ca.rrfpsi tes . and their use . must . be supported by sound 'data from eco.-
nomic arid .biologic research. . 

In the _s~ortr :-time that we will have today for informal discussion on this 
topic I ·su(;rpect that top priqrity will probably be ass:bgned to .decay -and 
defect in stem and. roots __ in _rela.tion to breakage or .windt}Jrow of ' trees~ · · 

.Wh'a:t is a hazardo:us tree and how readily can one assign .a risk · rating? .. In 
respect to windthrow w!le:ve .do we -draw the .-line . on what · consitutes an · .. 
acceptable risl<: on .-anticipa,ted violence of winds .?; What legal .complications, 
if any, are involved in administrative pr ·ocedures 'that , seek to ·establish 
the likelihood of tree breakage or tree fall? Does the charging of a camp-

. in,g_ fee, .or tp.e posting . of rights of entry, modify liability ·of ·the landowner 
in the event of tort claims? These and 'many other questions have to be 
answered by wildlands managers; and forest pathologists are clearly in the 

act. -: On a trip that Wagener and I recently · made to an intsnsively used 
recreation area in westside Sierra Nevada of California we saw examoles of 
mortality or damage and · defedt from: ro~t diseases; . stem c _ankers, i;sects, 
.excess water, competition, soil impaction by trampling, construction, pav-

ing, wind, snow, and waste · products from riding stock. Other types of 
soil and air pollution were pr _obably involved, but they couJ,.d not , be reli-
ably · measured or identified. · . . ; 

F,or the · Confer .ence record, may I offer the following out],{ne p.f the gen ·eral 
probfom.:,:,,,,11 forest diseases and the management arid protection of recreation 
areas~ 11 

1. Long range research g9als 
. . / . 

t 

·~a~· Impa:ct on vegetation and soils 
b. Protection of desired vegetation 

,,. 

. . . 

,,. 
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<h Re!)1"oduction or - re p~cemen-t by artific i al or natural. means 
d. Ecologic tr~nds 

2. Short term research goals 

a. • Safety of people and property / 
b. Pleasure and practical needs of visitor 
c. Improvement of management and protection techniques 

Pest control--tree felling or pruning, chemical control 
Soil amendment--soil aerati on 
Control of pullut ant s such as smoke , oil , sewage, etc . 
Construction and paving--ohysical damage to trees by campers-fire 

.3. Administration problems 

a. Inspection 
b. Decisions on action programs 
c. · Tort claims-legal · aspec~s . . 

•. d: · Publications- -Guidelines (Wagener I s report) 
e. Plans and conferences by agencies concerned 
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ANTIBIOTIC CONTROL OF WHITE PINE BLISTER RUST 

H.J. Hartman 

White pine blister rust re presents a billion-dollar ·menace to the w~stern 
white pine lumber economy bf northern Idaho, eastern-Washington, and 
western Montana. There are 2.5 million acre s of western whit ~ pine in the 
Inland Empire. 

With the discovery and development of systemic , -antifungal antibiotics, it 
is now possible and practical to save white pine from blister rus t by 
periodic application of antibiotics and without eradicating ribes. 

The application of antifungal antibiotics for controlling a forest tr ee 
disease is a new innovation in for estr y. The u. s. For est Ser vice blister 
rust control organization in Region 1 pi oneered the testing, deve'iopment 
and use of systemi c antibiotics for th e control of white pine blister rust 

· on west ern white pine, 

1 
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Beginning in 1949 many toxicant compounds were reviewed. Sixty-six were 
subjected to foliar spray screening tests. Two antibiotic -f1µ1gicides, 
cyclohexirnide and phytoactin," both from species of Streptomyces were found 
to kill blister rust infection on western . white pine. _ ~en properly . 
applied the antibiotics pycloheximide apd/or phytoact:i.n a_re _abs9rbed and 
~ransloca..ted throughout the aerial portion in pole-size .western white pine 
killing nearly all potentially-damaging infection. Acti-dione BR (cyclo-
heximide) is useq. when trees are trea t _ed by the basal stern me1;,ho_q. and 
phyto 'iictin :is used fof aerial spraying • .. 

The period of blister rust · ir1feccl,ion immunity that°' will result .from a single 
application of -an antibiotic is not kno~. New infection ha$ n9t been 
detected on any western whit~ pine tre~ted with ._.ant:i.biotics during the ten 
years of their use · in Region lo . . . . . · . 

Bio-assay and paperchromatography re~ult s show that cycloheximide pe;sists 
in the upper arid J,ow~r needles of pole-:size trees for at least :).Q months 
afte 'r aeriai. application ·and 2 years in treated b·ark when appl:Led by . the 
,basal stem · method. · However, the antibiotic pe.rsistence level required· to 
prevent rust reinfection is not known. 

Antibiotic developments · are r esµitirig 1h a c·ontinuous :fundamental . change in 
blister rust control methods, policies~ ·program planning _and contr .ol . area 
concept. ··An · important and compi~'.lc transition from blister . r.u§t . control 
through ribes eradi'ca:tion to con:trol by application of antibiotic .s : is being ma~. - . . . . . . . 

The immediate objective is to , tI'eat, wjtb antibi .Qtics al.l potentially commercial 
stands of western whi ~e pine ove:r )_(),. .;ve~s of . age t};lat, . on the basis of long 
range . economic cr.iteria ?. show· a fa,\1'6r~ple .co~t .:..benefit ratio;. . . . 

·•. · : t . · •· . ·. . . 1 . , ... . . .•. . 

The ultimate regional · objective \ s ;to _:qo.'.a.J.l_-i:,iister rust coptr9J,. "{Ork through 
aerial -·and •hand application of antibio~:j.q~~ ·-This transi,tiqn i~ to be made 
as rapidly as soun:d,·dev~_lopmental results . wa,rrant. It is planned, th1;1,t· through 
forest igenetids '\.wrk, blister _rust..:r~ ,sistant w:estern white ._pine planting !J.~ 
stock ,will be : ava'ilabl:e i.rt large . q~-~ntity by 1980 or: 1985. .With -this ' ;Ii'.' 
development; antibiot;i.c ·control w,or~ wil .l , gra~ually decreas~. · '>:r f ,. 

,: \,"' ,,., 
The initial application of aritibio .t:i.cs in presentiy estabJ_t ~hed ·stands 
10 -years · of age should be completed · by 1970. 

\,, 
The changes in blister rust control meth°-ds resulting from antibio .tic · · 
control are: .: , . 

1. In stands over 10 yea.rs of age . the host is treated inst _ead qf 
eradicating the alternate host. Western white pine can now.be grown 
in . clo -se·· association . with ribes. 

2. The ·control area concept has changed from la rg e pathological~y-sound 
control units to individual ·trees or groups of trees. 

The ·advantagesof ·antibiotic contr9.l _of wqite pine blister rust ovef ·control 
through ribes era.dicati _on·, based on t ~sts · arid expe _rience gained in treat-. . . .. ... . ·' 
\-·•·· ·~: , _:..,- . ,•· 1 ~ -~~~:. -

,. 
1 
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ing with antibiotics over 123,000 acres, are: 

1. Generally speaking, antibiotic control, when practicalle, is less than 
one-half as expensive, and final white pine yield per acre will be 

· greatly increased. · 

2. Antibiotic control is more effective and positive. The degree o! 
salvable stocking present at time of initial antibiotic treatment can 
be maintained, for the most part, throughout the life of the stand. 
Under -field conditions a single basal stem application will kill all 
potentially damaging infection on 90 percent of the treated pines. A 
single aerial application will . kill all the potentially damaging 
infection on 80 to 90 percent of the dominant and codominant white 
pines. The effectiveness of antibi~tics should increase. 

3. Most blister r ust infected trees can now be saved . · Before •9-ntibiotics 
were developed, little or nothing c:ould be done to save tnfected trees .• 

4. Through the application of antibiotics, the increase in final white 
pine yield per acre will be about in .d..irect proportion to the percent 
of damaging infection in the stand . at time of initial . antibiotic treat-
ment • . Some of th e white pine stands · that will be ·brought back into . 
the protection program are ·now 65 to 98 percent lethal ly infected. · 
Within -blister rust control urti ts, 25 to ' 55 percent l ethal infection 
is common in stands established prior to 1947. 

5.. If only a very limited period o~ }:>lister rust infection irnmul).ity 
results ·from a single antibiotic application, it is estimated that 
the average 40-year ·.:.old pole stands will require only two or three 
treatments to reach 100 years of age. Following antibiotic treat-

, .. ,ment1 the pine stand may become t-eirifected with blister rust. When· 
: ,this reinfection reaches the dat:naging stage, retreati:nent will be 

required. How often retreatment ·is required will depen.d mainly on 
· tree size, period of infection imm,p;ri.ty, and the · rust tl~zard of the 
particular locality. Most reprod'\1c·tion and pole stands of western _ 
white pine in this region, occurring on high rust hazard areas where 
no ribes eradication was performed, have already been l o':st to the rust ·. 
Thus, -these remaining salvable stands are mainly limited to medium and 
low rust hazard areas. · · · · 

... 
6. Antibiotics can be •introducedby foliar spray to immunize nursery-

t 

grown seedlings from blister rust infect i on. This ·will permi~ early 
planting of areas requiring artificial regeneration .before ribes are 
removed and before the areas become heavily brushed ·and sodded. _-· It 
will also permit the delay of ribes eradic ation until the most opportune 
time, and new pine stands can be established 3 to 5 years earlier than 
is now possible. It is planned that immunized western white pine 
pl anting stock will be available in +963. 

It may be possible to immunize such seedlings for a .sufficient period · 
of time to economically bring them through to commercial maturity 
with periodic applications of antibiotics and without any ribes 
eradication. 

,. 
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7. Antibiotic .. control of white pi n_e blister rust has the ·potentiality of 
. '.succes s ful'iy .·protec ·ting -any' s tand unit re gardless of size or locati -o'n. 

-Thus, . it affords : ·the ,.pporturii ty for the private land manager to -. _. ' 
·protect his ·9wn;. ;i..ndi vidugi stand; also small groups ·or western ·whi'tti 
pines of hi gh esthetic cir recreational value can be saved fforrr ' the · 
rust. 

. ; :i . . . . 

8. The costly noriwhite-pfune .:.:producing pro~ectiori"zones · are no 1orrgef · 
required -where stand,s a.re over ·1o ·years of ·age . . ':· -·. '._ 

·9 • · If aerial ·spraying of mature · s·tands' with an aht"l.biotic proves : e·:ffective, 
·l to 2 billion -board fee ·t ·-of · lethall y -in .fected 100- to 140;..yeai ~old : _. 
wester-rt- pine -can be • treated~ -:: This single .treatment would' afford the ·· 
C>fd~r],y M.rvesting of --tnese pre'seht-ly iriaccessibli f stands plus . ye8:ri·_ 
of: a a.di ti onal ·-incremeri t. ·-:; 't:' • . .i • • :: '' .·'.: ' . 

: . . 
·:: ·.;' .• : : . 

10. Rib e~· eradication and status check' work can now be disc ·ontimied in ··'' 
most .s .tartcfs oyer ··l0 years of : age. · 

, · :. ~·:. ' . -~ 

The cost of antibiot ;tc ·~treatment · when applfed · by the . basal s:tem ··method is 
5 cents to 10 :cents . per -t!'ee while application: of antibiotics. by ;a:ii.-craff 
r_anges from · $10 t .o $12 p·er :·._acre. ·. · 

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

To treat : the white '· pine ·st an d on' -0n·e .'acre · by either ·the bas al · stem ·· or 
aerial . method ·. requires only ,7: _to · 8 ·-grams ·· or · 1/4 ounce of- ·:the basic :, aiitib:1,~tic 
co:npound • . ·:Normally ~ -the . 7 to 8 gr ams ·of : compi:>iind required 7 to 10 ·' gallons 
of carrier · -to obtain : fuLl '; ahd ' effe6 'ti ve-'-covera :-ge. . The :-small . 811lount· of .-. . 
antibiotic · applied emphasizes th ·e importance ·of pr6per 'fo:rmulatin:g /mix in g 
and application · of . the f.:inal ,spray solutio n. · · ·· · ' · · ·.,. 
No-,harmful .side --effeet ;s ··-of'-any killd inciuding fish; wildlife, 'bene ficlai · 
fungi, and -pihant :'growtli ·have ·be en-''ass ·oc'iated with' the large.::.scaie i'':Leld' · . 
a'ppil.ication o_f ahtibiot'ic s·~· ·•· Pr -eliminar y ::-1ab6ratory ·and field . tests, t o : · 
detect .-ill side effects ', have ·be ·ert niade· for all antibiotics being applied 

. in :the. field. : · - ,.-· .. · ,: :,-.-, · 
·. i·· .· . 

--~ . . . __ ;;. __ .. ..,._ :· ; ; : - .. . --------- ·. -- , --- • M . • . ::·· · . _____ . . ' . . - • . - - • --------
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·· · -- _CEOMA · EN CUATRO ESPECIFS 'DE PINOS MEXICANOS 
·:.=· 

· : · ·. '. ·Rudolfo Salinas Quinard 

INTRODUCTION 

Hast .a. eJ,. ·memento no se .ha tenido oportunidad, al alcance de nuestras 
posi-bilidaes ;--de ,,:ob.terier li tera tura que concierria al problema :de ·1as plagas 
prociticidas por--hongos sobre la ve~etaci 6n · foresta l ; ya qU:e en nuestro . p~is . 
el mayor numero de obr as de t al indole se refiere con mayor atenci6n a los 
aspectos agricol as y hort{colas .que a los for esta les propiamente dichos; 
yen el ultimocaso se extienden principalmente sobr e el campo de las 
inve _st;igaciones entomo;Lo.gicas, . • · ··· · · . . ~, 

Portal circunstancia, el presente trabajo repre senta ' apenasun interito_.; · 

t 
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una introducci6n, al problema referido; teniendo ·por comienzo las tan 
comunes como desconocidas especies de . hongos -causantes de las 11herrun:ib:r'ea" 
y que generalmente seresignan, sin mayores ,consi 1eraciones, con el nombre 
cqmun ca_stellanizado de 11CEOMA11, deri vado del la tin, Caeoma, que califica 
el aspecto _ pul .verulento, herrumbroso, de tinte amarillento. · 

Por un trabajo anterior, presentado por nosotros y titulado 11Los Uredinales 
en los Pinos de Norteam~rica 11 queda completamente estab,lecido que la 
denominaci5n CAEOMA se ajusta unicamente a un tipo o forma de lesiones 
en las plantas, producidas por diferentes especies de hongos que tienen 
de comun algunas caracteristicas: en pri~er lugar, SU agrupamiento generico; 
por tanto, pose trata de una especie unicaresp onsa"hle, ni debe considerarse 
comp tal; siendo bajo est~ criterio .que c~eemos pecesario advertir queen 
lo .sucesivo la denominacion susodicha habra' de, -referirse a un tipo de 
desarrollo que en un grupo de hongos cuyos cic _los qe vida, comple~os o 
inco~pletos, autoicos o heteroicos, presentan las mismas~caracte~isticas 
generales, yen segundo lugar, porque en su diferenciacion especifica 
par~icular, aunque presen tan tambien oualidades ·comunes, ofrecen carac-
teristicas microscopicas y biologicas particulares en al~unos o ciertos 
de sus elementos; tal por ejemplo, .en el. aspecto macroscopico, la forma, 
extension, arregJ_o y localizaci6n de las -les _ione.s; y en estas, de las 
estructuras fructificantes o soros (picnid;i.as, aecio .s a ecidios, uredia-s, 
telias Y, basidios o esporidios); en el micro scopico, las caracteristicas 
microsc~picas que en_ algunos casos . permi ten la diferenciaci6n en las ,,, 
di versas · !:)species, por la apreciacion de · la . forma, tama'iro, disposicion ·y 
ornamentaciones de las respectivas espo;ras (picniosporas o picni diosporas, 

teliosporas o teleutosporas y basidiospo ras . o esporidiosporas); yen 
el aspecto biologico, la longitud de .las ciclos (.cortos o largos), la 
~poca de aparicion de las fases que los constituy_en, y principal mente 
la selectividad de los huespedes ·que parasitan, queen ciertos casos 
llega a limitaciones hasta de localizacifn sobre organos particulares de · 
los -mencionados huespedes . Esto ~ued~ evidencia~o por la existencia . de . 
form.as folicolas, de f ormas caulicolas, o de formas . Ci:J.rpofila;;, aun · cu.ando 
algunas de ellas · puedan lle gar a superponerse en un mi~mo huesped:, : o· 
presentarse en secuencia." En general este ultimo aspecto, el biologico, es 
el mas util en lo s procedimientos de determinacion de especies en las 
royas, teniendo sin embargo como escollo principal sobre . todo en nuestro 
medio, aparte de la imposibilidad de su aislamiento y cul~ivo en medios 
sint~ticos, el desconocimiento parcial o total de sus huesped es alternan 
tes, y consecuentemente la ignorancia resP.ecto a alguna .o varias de las 
unidades que constituyen sus ciclos, y las caracter{sticas de ellos. 

\,, 

Asi pues, en el presente reporte nos concretamos a mencionar las 
caracteristicas de algunas lesiones cauisadas por royas , en varias muestras 
llegadas a nuestro alcance, para proseguir el estudio con exploracioneS en 
el campo hasta llegar a determinar los hue spedes ·alternantes que habran 
de dar 1., clave definitiva para la identificacion del agente causal. . 

MATERIAL Y METODOS: 

El material empleado en este trabajo esta integrado por ramas y conos de 
pinos enfermos, procedentes de diversas lo calid ades de la Reputili ca. Se 
encuentran re gistrados en nuestra coleccion bajo la forma -siguiente : 
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Muestra # 3. · Rama de Pin o. ~tiquetada como Pinus montezumae. 

Muestra # 4, 

· Muestra # 6. 

Muestra # 8. 

Muestra # 9, 

Colectada por el Ing. J.M. Gonzalez Carrillo. 
Procedente del Estado de Oaxaca. 

Cones de Pino. Etiquetada como Pinus montezumae. 
Colectada por el Ing. J.M. Gonzalez Carrillo. 

·Procedente del Estado de Oaxaca. 

Ramas y Cones de. Pino. Clasifica das por la Srta. 
Bi. o. Mancera V. como Pinus teocote Sehl et Cham. 
1831, Procedente de Rio Verde, SLP, 

Cones de Pino. Etiquetada como Pinus leiophylla .• 
Colectada p.::,r el Ing. J.M. Gonzalez Carrillo. 
Procedente de; Estado de Morelos. 

Cones de Pino. Etiquetada como Pinus patula. 
·colectados por el Prof. J. A. Davila. Procedentes 
del Estado d·e Coahuila. 

No siendo posible la determinaci6n especifica concreta de_ lo _s agentes · 
etio16gicos respectivos, princi palmente por las ra~ones de desconocimiento 
de· las condiciones locales pa.rticulares de las regiones de qul3-cada 
especimeh proviene, nuestro trabajo queda, por ende, r:.,e ducido a las ·. 
correspondientes descripciones relativas a la morfolgia macroscipica ya 
la observaci6n microscopica de cada muestra; incluyendo algunas 
fotografi"as y fo tomicrografi.as ilustrativas. 

DESCRIPCIONES 

Muestra ·# J.--Es una rama de pino que muestra tumoracion o hin chazon 
globosa, de 12 x 16 ems.de diametro, de tipo cerebriforme, que rodea 
completamente la rama enferma~ La lesion se encuentra profusamente 
lobada, y con profundas hendieduras separando los lobules. Su consistencia 
es lenosa, pero no maciza, ya que interiormente presenta un aspect.9 
esponjo .s.o, cuyas cavidades estan abundantemente rellena~ de aserrin:, 
producto de· las deyecciones de in sectos, u ocupados por · larvas de ellos. 
Interiormente no ocupa todo el dia metro correspondiente a la aparien cia 
externa, sino que est~ formada en una porcion anular en forma de banda de 
aproximadamente 10 ems de anchura. El epidermic de esta tumuracion ·se 
desprende y levanta en ,,forma de pequenas escamas., que en algunas par .tea 
dejan al descubierto pustulas caprichosamente confluentes en disposibion 
9erebroide, reptante, cerradas o abie:rtas, rnostrando estar :formadas por 
un peridermio blanquecino que encierra un material pulverulent~ de color 
amarillo muy claro, casi bl";:nco. Microsco'picamente este peridl3rmio esta 
formado por un mosaico de celulas hiali nas o amarillentas, - sin disposici~n 
regular. Morfologicamente son similares a las que cons ti tuyen el contenido 
pulverulento amarillo, que esta formado por eelulas ovoides, periformes, 
elipsoides, redondeadas, trapezoidales, de husos de extremes apuntados o 
romos, arrinonadas o triangulares, etc., intensamente teriidas · en amarillo; 
presentan superficialmente un aspecto equinulado (espinoso) queen los bordes 
y por desplazaniiento micrometrico del microscopic manifiestan diminutos 
diminutos mamelones dispuesto radialmente. Encierran en su interior un 
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nucleo o _vaouo ·1a (? J generalinente desplaza.do a la __ periferia~ y va rias 
inclusiones refringentes" Miden como termino medio de 24-32 x 16-24 mu. 
y se les puede apreciar' u.na membra na (episporio') de aproximademente 
2-4 mu, de espe~or. . .. 

Muestr'a. ·# 4·: .• :..s6~ conos de pino que se pres en tan .U~eramente 
hipertrofiados, aunque aun conservan algo de su estructura normal, si 
bien, las . escamas se encuentran difusas, ·si _n contornos .ge£intd<>~; :mas 
bien ' redondeados · y tertdien do a ·adqufrir una _ disposicion cerebriforme. 
Se encuen tran tota,;tmente ·cubier'tos por una formacion pulverulenta de 
color blanquecino ·con manchas · amarillo claro, o ana ranjadas, o gris 
verdoso. El ~pidermio de los conos _ha adquirido .una consistencia lenosa 
y pr .esenta: ·.co];oracion _·cafe-rojiza mostrand o pr of undas perforaciones 
redondasposib1.emente producfdaspor insectos _barrenadores. El polyvillo 
aramillento esta lirni tado · por las escamas epide"rmicas del cono no 
~istiendo _ :u,n per _~dermiun. d}st~nto, po: l(! qlle la l~sI?n se .-apr.oxima al , 
t:i.po caeoma.L: .. _ La observac:i.on nu.croscop:i.ca de ese .material revela que ,.es ta 
const~tuidopor estructuras celulares libres, con la misma morfologia que 
las descritas en el caso de la muestra # 3. 

Mues'tra # 6.;:..:-Consi'ste de ramas y cones de ·._pino que pres~ntan . desarrollo 
· · he:r.rumbroso · de tipo . daeoma 6 Peridermium. Las .. raina·s m~estrap inya,sion de la 

porci:6n central de sil :eje como un polvo de color M,iariJJ.o claro; :y los 
conos se · encueritran ·cubiertos uno del niism.o pol villo amari.-llent,o ,y otro, 
cc.m discretas : plfstulas di ·spersas en toda J,a. s_uperf'.i,cie; ~n . el pri-mer c.aso, 
la estructura o-riginat :,del · ccit10 se .. encuentra , ado_ptando _-una forma .es.f.erica, 
globosa. Las pustulas se ehcuentran formandose per debajo de la epidermis 
y contienen masas pulverulentas de . color amarillo lirnitadas por una cuti-
cula blanquecina, el peridermium~ casi _perdido. El polvillo estd forma 
do por c~lulas inq.ividualesJ de formcl.s div,ersas, desd~ - la .-,es:ferica •;hasta la 
fusifo:rrile ( en Iorinil. ' de huso·s), que ini.q._en_·_·ae 28-56 .. x 16 : a ; 20 mu. con . un.-, 
episporio de . espe ' sor de ·"2 mu., abundanlemen:te equimµado (espinoso) ·en , 
algunas ·forina ·s_;< o &P,irentemente liso ep .qtras :i. con ; P!?::iferia ra _dialmente 

'.:-: ··estri-6da:s; algunas de ' estas · formas pare cen no ten~r mas ornamentacion · 
que la : perif~rica. -''ra.diii'.J.., y sin excepcion ' presentarido una condensaQJ.on · 
centr~ mas ··obsciira y corplfsculos o gotic:u:I.as _refringentes -dispues · tos · . 

. perife:t-icamente . · · 
. ":· :-· . '. 

·.Muestra: # 8.- -- ·con·siste · de un cono q.e pino que presenta: un .desa rrollo ; 
fungoso ·de '. tipb Oaeoina, de formacio'n ,subepidermi ca. El cono ·.se encuentra 
hipsrtrofi.ado; habierido !)erdi _ do_ su forma ., . ra ~_que ha adquirido ,un. _asp.,ecto 
glob'oso · .·,_. La epidermis se encue'ilti ;a , levantada :formando grandes :costra:s de 
color ·rojizo obscure que dejan en l:i.bertad una gran cantidad de -polvillo 
de amariiio · cadmio · o : naranja, el que . esta: . formado por · c{eJ:ulas de· , · 
episporlio :a;rruga.do o-: quinuiado, de . las . formas y ~imensiones anota das ·en 
las descrip6;_ton e-s·· .:a.nteriores ·. 

. . . . 
.. -
Muestra #-9. -,,-La cons ti tuyen un cone de,. pino hipertrof;Lado. ·· No muestra · 
formaci6n de pU:stula ·s, posiblemente por tra tarse . de , un cone rn_uy .reciente;.. 

· mente infeotado,- ·ya que revela una exudacio'n resinosa relativamente · abun;,. 
· dante • . ··La .. c·orteza ··ha adqui:d.do un aspecto descamado de coloracion cafe-ro 
jiza que -cbntrasta. con la: del cono)ove _n sano q~e le acompa:na,. y que .-. · 
presenta un color de tonalidad cafe-ama rillenta. La est ructura normal 
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,,; 
del cono ha desaparecido, quedando sustutuida por 
irr~gularmente; es de oonsistencia lenosa maci~a, 
teristicas. 

RESULTAOOS 

/ ' 

una formacion lobulada 
no teniehdo mas oarac-

La descripcion correspondiente a la Muestra #3, parece corresponde con la 
relativa ·a las lesiones de ti po Peridermium en las ramas de los pines~ y 
la cual posiblemente se . identifica con aqqellas producidas por Cronartium 
cerebrum,(Pecko) Hedge. & Long_._(= Peridermium _s:ere bz:-o-i9,es (?)), r.onocido 
en el extranjero comb responsable . de royas ampulosas -de los .pinos du.res; 
o bien con Cronartiurn fusiforme (A. & K) Hedge. & Hunt., que es una especie 
muy pareoida a la anterior difiriendo de ella en que llega a producir 
lesiones seme jantes aunque en huespedes diferentes. 

/ / 

La comparacion ·de nuestra descripcion para la Muestra #4 con la que se tiene 
para Cronartiurn conigenum (Pat) Hedgo. _& Hunt. (=Caeoma conigenum) c_oinciden 
en ca sf'su totalidad; sin embargo es posible queen este caso se trate 
tambien de la especie cerebroide~ anteriormente citada, ya que procege de 
la rnisma localizaci6n, aunque si se ignora si ambas muestras o especimenes 
correspon den al mismo frbol enfermo. No siendo remota la apari cion de 
una infeccion doble, en ramas y c·onos, por dos especies distintas . de royas, 
suponemos unicamente la po sibilidad le que se trate de una misma especie: 
Cronartium cerebrum, que tiene la particularidad de atacar tanto a las ramas 

como a los cones · de los pines; considerando la similitud morfo_logica de 
SUS esporas y SU doble localizacion, atributo del que Caeoma conigenum carece. 

Respecto al espe'cimen #6, tambi~n en su descripcion se aproxima a la que 
corresponde a Cronarti _um conigenum ( Caeoma conigenum). En este caso las · 
esporas son aparentemente lisas, mostrando muy escasas ornamentacio nes 
superficiales, aunque hay celulas profusamente orna da~por estructuras · en 
dispocicibn radial; pero en general presentan morfologia muy semejante a 
la de ·1as especies anteriormente consideradas para los casos 3 y 4, 

,r / #8 ' ,, Por el aspecto macroscopico de la lesion en la Muestra , y por la coloracion 
amarillo cadmio que presenta, parece tratarse de una infeccion de cones 
causada por Cronartium strobilinum (Arth.)' Hedge. & Hahn. (=Qaeoma stro-
bilina). Microscopicarnente susysporas en nada o muy poco difieren de las 
anteriores descripciones; de aqui que nos guiemos en nuestra apreciacion 
imicarnentepor el aspecto general de la lesion sin llegar a conolusiones 
de mayor profundidad. 

'-
Finalmente, la Muestra #9 quiza se identifique con uns lesion muy reciente 
causada por la misma especie queen el caso de la Muestra #8; es decar, por 
Caeoma strobilina. 

~ :; , . . ----------------. - -- -- - - -------------------------
SOME OBSERVATIONS ON THE INITLAL INFECTION AND SPREAD OF ROOT 

DISEASES WITH PARTICULAR REFERENCE TO ARMILLARIA MELLEA AND PORIA 
WEIRII 

G. W. WALLIS 
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S. D. Garrett 1 has ·, as a resul t, of many years of observing root diseases, 
divided soil fungi into two cal;egorie s : 11the soil-inhab:rl.ting fungi, or 
those which are characterized by an ability to survive indefinitely as 
soil saprophytes":, and Hthe root inhabiting fungi, or those which are 
characteri~ed by anecpanding parasitic phase on the living -host and by a · 
declining ·saprophytic phas e after its deathtt . 

It is with the l atte r group, the ro ot- inhabitin g fungi, that we must be 
mainly concerned when speaking of root diseases in second~growth stands. 
The intimat e· ~ssociation of mult i tudes of soi l-inhabitin g fungi with all 
r-oots, requir es~ however, that the y too receive their share of recognition 
in a11 · comprehens{ve studies of root diseases o · 

For a fungus to initiate infection and ·maintai n continuous --growth within 
a tree, 'it niust first overc ome passiv e and active host resistance; i.e., -
the i.rioculi.un pot ential must be sufficient for the fungus to invade progres~ 

siveiy ·a. host against the forces opposing infection. Inoculum potential · 
being used here as defined by Garret,tl lithe energy of a fungal parasite · 
available for infection of' a host at the surface Qf the host organ to be 
infected" ~ The food base is r esponsib le for supplying the energ y for the 
required _ ino~ulum potential. 

The first distin guishing feature of'. a rciot-inhabiting :fungus, namely, the 
ability ·t6 survive in dead host tissue, initially invaded when in a living 
state; requires further examination in light of tree r oot diseases. The 
fust phase, the ability to sµrvi:ve i1:1 dead -host tiss uei - rieed, not be 
questioned, for it ·is ·well ~mown that ·Armil;J..aria has bee_n:isolated from 
the stumps of most tr ee specie .s ·and Peria has been recorded · i n- Douglas fir 
stumps over ·a century oJ..o.; The second _phase p the necessity .of :haying the -
irtitial ·invasion of a. root-inhabiting fungus occ~ring when the host is in 
a living state, however_, requires further thoughto Oarrettf in his latest 
report on the development of Armillaria rhizomorphs, suggests that the 
.habits of tree root parasit es · may _ di verge somewhat .f'.,rom. those on hi:l°rbacious 
plants in that the former fu~1gi have the a'pility to _ attack-).ignin and -· 
cellulose, a i prope1~ty foreign to most soil-inhabiting fu.ngi.. ,He demon-
strated that · wdod blocks which had been killed by autocli:lving :were invaded ·· 
by Armillaria ' aft erbeing i ncubated in ur:isterilized soil •fo~ several weeks. 

In ourown ·work with Peria , we have found t hat Douglas fir .heartwood, · cut 
for -several months J when piaced in conta~ t wl th inoculum in unsterilized · 
soil in situ, will be i nv~ded by t he root parasite ahead of other soil _ 
organisms. 

The abd.lity of these fun gi to invade ro ots dead for varying peri $ds ·-hi:;s -
not been defined. "fhe answer- must a.wait t heresults of present and future 
investigations . 

The growth cf a root par asite from a food base onto a living host, ignoring 
spores at this juncture , may be assumed to occur in .one of two waysi the 
root may grow in conta ·~t with the fungus harboured in the food base, or, 
by the production of specj_al or-gans, e.g. hyphal st:cands or· rhizomorphs, 
the fungus may grow away from the f ood base through the soil in sear 6h of 
a new nutrient source . Both modes of infec ti on are illustrated in the two 
fungi being discussed . Poria_9 I believe, is not able to travel more than 
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a very few cm through the soil. Therefore, · for a tree to become infected. 
with this fungus; a root must grow into contact with viable mycelium in 
an old root -or stump. Growth of Poria in glass . tubes through unsterilized 
soil has oeen recorded up to . two cmin duff in situ from a severly decayed 
Douglas fir stem section. Until a satisfactory method has been found for 
the isolation of Poria from soil, it will not be possible to say with cer-
tainty that this root='inhabiting fungus does not occur freely in the soil. 

Armillaria mellea, as you are all aware, besides spreading by root contact, 
can; by the aggregation of hyphae into rhizomorphs, grow through the soil 
for some distance to seek out new host tissue. It is on this point that 
most controversy and confusion has arisen concerning the parasitology of 
this fungus. . Rhizomorphic strands have been . known -~o grow through the 
soil for distances in excess of 20 feet. Rhizomorph attachment to a sub-
strate, however, · is not synonymous with infection~ Wallace4 found that 
rhizomorphs grew for great distances through .the soil, but doubted that 
the.1r.oculum potential required for the fungus to invade coffee or tea 
roots was sufficient once the rhizomorphs had attained a length of .more 
than just a few feet. Garrett2 found that infection by Armillaria rhizo-
morphs decreased with in.creasing distance from the food source. He suggested 
that the decrease in rate of nutrient translocation would be sufficient to 
limit initial and sustained infection ·by rhizomorphs once they had grown 
beyond a certain length. It appears, at this time, . that the size .and state 
of deterioration of the food source, and the length of the rhizomorphic 
stran1s are of importance when- considering the parasitology of Armillaria. 
There appears to be little .doubt . thRt the fungus can and does inyade 
healthy bark, but .the role of the host in confining infection once the 
fungus has penetrated internal tissues still requires further elucidation. 

Typical of many root-inhabiting fungi, following ··.introduction onto a new 
host, both Poria and Armillaria can grow ectotrophically along the bark 
surface .· as well as internally within the tissues. The rate at which this 
root surfacrn growth advances ahead of tissue infection is a fur.ther factor 
governing the success of c<:mtinued fungal invasion. Poria spreads over the 

sur.fac .e of roots in a dense mat, often fan-like at theadvancing margin. 
This surface myceliurn may reach distances of J-.5 feet in advanc .e of the 
last point of tissue infection, depending upon the root siz~. The mycelium 
invades healthy bark, usually resulting in a number of points of wood 

infection between the advancing ectotrophic margin and the main body of 
tissue invasion. These advanced points of infection develop and eventually 
girdle the root, killing the distal portion. In this manner the death of 

the root and the tree is greatly hastened beyond that which would have 
occurred had the mycelium been confined to wood only, Host resis"tance 
having minimal, if any, effect on surface growth of myceliUl)l, can do little 
to suppress its development. Also, s ince surface mycelium grows rapidly 
across roots of the same and adjacent trees where they are in contact 
grafti~g not being required., the rate of .spread of the disease is further 
increased. 

Armillaria rhizomorphs also frequently spread along _ the surface of roots, 
penetrating healthy bark well in advance of the major body of wood infection. 
A num,ber of workers are of the opinion that the initial invasion will succeed 
only in those hosts which are growing under adver s e envir onment conditions. 
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Others, however, have stated that, given conditions suitable for the 
development of the fungus; Armillariawill c;J.Ct as a virulent primary 
pathogen--showing .no respect .,for host vigour. A detailed s:tudy of host-
parasite relationships,using . controlled inoculations, will be required 
before many of the conflicting reports on the habits of Armillar:i.a can 
be disentangled. · · 

Besides the local vegetative spread of root disease fungi, there also 
remains the possibility that more distant spread may arise from infection 

.by spores. · The infection of freshly cut stumps by spores of Fomes annosus 
is probably the most outstanding example of · tq.e intensification ora root 
rot in this manner. · The infection of healthy , roots of trees by spores . · 
has not been observed. Attempts to infect s:,em. sections and s,t~ps with 
basisiospores of Armillaria and Poria have not proven successfu .l . to date • . 

Past studies with · both Armillaria and . Poria, as well as other root-
. decaying fungi, have shown that .an intensive s:.u·dy of environmental-fungus 

relationjhips is required ,for many of the major tree root diseases. · .· 
Rishbeth has shown that the growth of Fornes annosus along the surface of . 
the bark of Scots pine roots is closelycorrelated with soil reaction. 
On acid sites, possibly because . of the presence of antagonistic soil":'" 
inhabiting fungi, . surface growth is sparse to absent. No record : of the 
growth of.Armillariaand Poria in .relation to soil reaction were found . 

·· by the author in a search of the literature. - . 

A number of workers have .observed : that : Armillaria ·appears to : cause exten-
sive damage in -. young stands .:, trees . appearing to become more resistant with 
age. . Poria, ori the other hand:, becomes- prominent only after the stand is 
15:-25 years of age. Intensive investigations ·, using :controll~d infection 
points, are necessary to establish the relationship between infection and 
host age. ··· 

Thes .e a.re but . a few of the many problems sii:il: ·facing those : concerned 'With 
ro'ot diseases ', as . will become evident throughtout today. The neglect of 

· the field of root parasites, until .con'ipara.ti vely recent years, an<;l. •. the 
threalfi to . future '.:piantations, requires . that we divert more ·of our .attention 
to the often ,.long-term · and. rather ·tedious work required for a detailed ·· 
.analysis .oT these problems. 
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STUDIES OF SOIL MICROORGANISMS AS RELATED TO ROOT ROT 

Ernest Wright 

As forest pathologists, we are inter ested in determining whether there are 
any detectable differences in the quantity, the kind, or the activities 
of soil .microorganisms in ·root-rot-infested soil as compared to root-rot-
free areas. If there are identifiable differences, then it might be .possible 
to alter the soil by chemical or other amendments to such an extent as to 
change .favorably . the micropopulation of the soil and thereby lessen losses 
from root rot. Such control is largely hypothetical, because we have very 
little direct evidence in forestry to support such theorizing. 

The population of the rhizosphere is decidedly different · from the adjacent 
soil, As-has been shown by Starkey (8), Lochhead et al (5), and others. 
Since there are decided differences in .the micropopulation of root ·surfaces 
as compared to .the surrounding soi l, the soil processes also must be con-

. siderably different (3). Wilson (10) ·found that the .production of carbon 
dioxide by rhizosphere soil was much greater than that of the control soil, 
and this difference was increased greatly by the .addition of root extracts. 
Also, he found higher concentrations of sol~ble nitrogen in the form of 
ammonia, amides, and amino acids. These and many similar references indi-
cate that studies of the microflora of forest soils may give some definite 
clues to the ·control · of root rot in much the same manner as has .been de-
veloped for agricultural ·crops. Of course, the _solution ia infinitely 
more complicated when applied to forestry practi _ces. For example, Bjorlonan 
(1) c~mcluded . from his studies of Polyporus annosus Fr. that the possibility 
of combating this . root rot biologic ally · cannot be con?idered eBI)ecially 
great, _but that investigations ought to be continued with regard to the 
practical importance of the problem. Wallis (9) indicated that soil micro-
organisms are probably not the primary factor which inhibits Fornes annosus 
spores from infecting uninjured pine roots. For one-or two-year-old agri-
cultural crops, there is increased · likelihood .of changing physiological 
reactions of the plant and thus lead to greater or lesser resistance to 
infection by root rots. However, it is equally impossible to neglect the 
factor of host resistance in forestry when considering the environment in 
relation to plant disease (2), and, since we are discussing root r~ ts, we 
are concerned primarily with the soi l • . The purpose of this paper is not to 
discuss the literatur e on control of root rot. This has been done by 
Garrett and others far more concisely than can be done here. To discuss 
in some detail the methods of study applicable to root rot seems desirable 
in the hope fruitful id eas may develop. 

Methods of Study _ 
,, 

The type of root r ot under in ves tigati on will, or course, have an important 
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bearing on the method of study adopted. The root rots I have studied 
were adaptable to dilution-plate studies because they .either . spread free-
ly through the soil and over the underground organs of the host plants, 
or spread along the _outside of the .host roots (subsequently invading and 
rotting the root tissue within). 

In the first category, Rhizoctonia damping off and root rot of broadleaf 
seedlings was studied. In this instance, fungi counted in dilution plates 
were more numerous in soil containing diseased seedlings than in plates 
from the check soil._,, Rhizoctonia, howeve;r, rarely appeared in dilution-
plate c:ultures. · A wider variety of fungi, including Rhizoctonia ·, was 
noted in the same soil by m.se of . a modified Cholodny slide technique (11). 
The latter method, however, was not quantitative. After a considerable 
number of ·individ,ual trials 1 .neither method was deemed reliable enough 
to predict the probable extent of seasonal losses from root rot in new· 
seelilbeds. 

In the study of Fusarium root rot, Trichoderma, Penicillium, and Strepto-
myces were found antagonistic in varying degrees to theFusarium in vitro. 
However, when these organisms were inoculated into the .' soil of unsterilized 
seedbeds, either singly or in combination, they failed to .reduce losses 
from root rot. The most satisfactory result was obtained when all three ·· 
organisms were used as inoculum, aJ,thoµgh the l,o·sses were not significantly . 
less thari in the untreated .check soil. These tests are menti"oned here 

to illustrate again that . an a,pparently promising lead :under laboratory 
·conqi tions is likely to be of little or no benefit in field triais and 
that the microbiolqgical approachis extremely complex. 

In studying PhY!2a~tqtrich~ omnivor~ (Sh~~rf Du,ggar, th~ so-called Texas 
or cotton _ root rot, no attempt wa_s made _in my studi 'es to relate the ·type 
or abundance of soil inic'roorganisins to the virulence of this fungus ~ . Iri;.;· 
dicator plants were fouri_d .to be the most reliable guide to the presence or 

· absence of this root · _rot {7') in unplarite9- areas~ However, Mitchell et ·al 
(6) showed that decomposition 6.f organic matter increased microbial ac-
tivity ' in PhYJ!latotrichtim_-infecte _d soil, wl1ich resulted in -decreased. viru- · 
lence ' ·of the ro"ot"'."rot fungus on cotton • . This very striking control of 
cot ·ton root-rot obtained in field trials over . cl. period of ~l3 years by · 

. the use of ·~organic 111cmures was attributed by -King (4) to the action of 

t 

an tagonis t:i.c soil 1111.~roorganisms. 113: ter, this was :partially ·verified by · · 
use of Cholodny slides. .... 

. . . 

Phymatotrichum root rot, like .Poria wei!'.ii MU:rr, spreads primarily by 
contact of roots, · and, consequently, some of the techniques us e"'d in 
studying the former may prove applicable to the latter. 

The microbiological studies of Poria weirii that we have made to date 
are extremely limited. The Cholodny slide technique was not used, pri-
marily because it wasn't considered applicable. Two series of soil-
dilution plates have been made. Both gcl.ve interesting results, but the 
findings so far are not considered conclusive. 

Methods of obtaining soil samples for the studies, however, may interest 
you. In the first s eries, the soil was obtained by insert i ng a soil tube 

/4o-
,r 

.I 

I 

'·· , 

;. , 



parallel to the outside of dis eased roots after a foot of the surface 
soil had been washed ·away. The samples were t~ken at a depth of one to 
two feet. Several soil borings were _taken in this manner from separate 
trees. Soil cores from individual -trees were composi ted in sterile soil 
cans. The soil borer was sterilized for each root area sampled. Soil 
obtained in this manner was mixed and sieved for standard dilution-plate 
counts •. On the basis of this study, conclusion was that the differences 
noted may have been influenced by variations in<fiepth of sampling, as well 
as the presence or absence of Poria weirii. 

The second test consisted of s ele cting five trees dying from P. weirii and 
five apparently healthy trees in the same stand. The trees were felled 
and the cut stumps examined at ground level . Isolations were made from 
each P. weirii-infected tree for verification. 

· From s•ix to eight Bamples of soil were '€xtracted with a sterilized tube 
1-1/2 ·feetft'om each stump in a circle around it. Samples were taken to a 
depth of six inches and one foot in each boring. These were composited 
separately in sterile cans and taken to the laborat or y, where soil samples 
in each can were mi~ed thoroughly and sieved as before in preparing them 
for soil-dilution ·plates. After sampling, the soil was hand-excavated 
away from the stump to a depth :of two·· feet, and the roots were cut into 
with an axe to verify that thos e trees used as checks were actually free 
of P. weirii, at least in the area sampled. Significant differences in 
soil microorgani .sms were obtained. This test needs · to be ·repea:ted for 
several additional areas t Q :substantiate th e results fr oni these quintu ple 
samples. 

Limit ed progress has be.en made in the study ·of soil microorganisms as 
related to root rot of forest trees, but a start has been made. Whether 
the obscure reactions involved are due to synergism, antagonism, competition 
for available nutrients, minute changes in pH, CO2, or edaphic conditions, 
or a combination of one or many of these, remains to be determine<;}, The 
fact appears clear, however, that microbiological studies of soil as re-
lated to root rots of forest trees are extremely complicated, even more 
so than was realized; nevertheless, th~y should be continued with increased 
vigor. 

Suggestions and comments will be appreciated. Before we: have these, how-
ever, I would like to gall on Earl Nelson to explain his studies of 
Poria weirii at Black Rock. -·-·---- ·--

1 • . Bjorkman, Erik. 
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FACTORS PREDISPOSING ROOTS TO INFECTION 

R. D. Whitney 

Root infection implies the entry and establishment of :furigi in ro_ots, . ~.Tlle 
present discussion will be concerned mainly with those fungi that decom-
pose woody tissues in tree roqts •. The data were obtained during root 
disease investigations of white spruce in .Saskatchewan and Man:i,toba from 
1951 to the present, and from experiments conducted ·in the Forest ·Pathology 
Laboratories at Saskatoon and at Queen I s University. · 

Predisposition involves the conditioning or exposing of host tissues to 
infection . by qr.ganisms that are presumably ,presen ,t ;and• ready to attack. 
However, it is pertinent in a discussion of thi :s ,subject to consider forces 
acting on the potential pathogen as well. Two classes of predisposing fac -
~o;r;-s·_,WiJ-1 be dealt with , One is mechanical injur j(.to the host caµsed by a 
variety of agentsf the other is environmental conditions that influence 
both the host and the potenti al pathogen. 
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Mechanical Injuryl 

Mechariicai inj~y a·~ · used here denotes bark or wood. disruption that l'e-
sults in · susceptible tissues being exposed. This injury is caused by 
ext~r~al agents or ~orces. 

Hylobiu~ Wounding~ R9_0._t tnju~y caused by Hylobius sp., a root boring wee-
vil, has been fourid in . several coniferous species • . Warren and Whitney ,·· 
(1951) found root wounds. caused by Hylobius wa:r-x-eni and!!• -pinicola highly 
c·orrelated with the c:icc·urrence of root rot in white spruce regeneratiori" in 
Manitoba. Smerlis (1957) found a similar relationship with Hylobius sp. 
in yo~g balsam fir in Queb.ec • . Reid (1952) found Hylobius sp. wounding in 
lodgepole pine roots in Alber.ta, _and Warren has recently found fairly h·Eiavy 
wo½ndj,ng; iri ' jack pine in Northern Manitoba. Wounding by-Hylobius also . 
O'ccurs i _n numerous otn.er conifers including eastern larch, black and Norway 
spruq ·e; and scots, red, eastern, and western white pine (War.ren, 1956a). : 
The ·pine root collar · we.evil (Hylobius radicis Buchanan) causes extensive 
damage in jack and scots pine and lesser damage in several other pines 
(Schmiege, 1959) • . 

!,_. . . . _ 

The examin~tio~ · df '. 1170 diseased roots on .495 living white spruce . in Mani- ' 
toba and Saskatchewan revealed that girdling and non-girdling Hylobius 
wounds were responsible for the entry o.f fupgi in 27. 2 per cent o:f. ·thei§.e ... ·_ 
diseased roots ('Table I). The larvae tunnel in · the . bark to the depth ·of ··, 
the 'cambi.um, or sometimes slightly into the wood, , and cause abundant resi;_ 
nosis, Tunneling . ~s ma.inli :around the base of ·-roots, . and· :t'oot$ smaller 

·. than 9J.W i,nch in diameter are commonly girdled and killed. Roots · less 
thcin one...:e{ghth . inch l in . diameter niay be chewed off ·completely. Where lar-
vae have be~n active during -sever9-l years, the damaged part of . the root 
may be qea0.ly enc.ase~f in ,.a mass of resin.:.soaked duff and frass containing 
abui1:dat;it·:reniains of pupal cells. When· these . masses are .removed, a girdled 
branch root is usually found. In small girdled ,white · spruce · roots less · than 
one-half inch in diameter, accompanying wood stain or decay in the parent 
root can usually be .t .raced to t,he girdled •root, · Entry , of fungi, doe..s'.· not . 
always · cippear .. to be dil'..ec i;,ly; .through t~e., --wou,nd•, , but · is often througli a mo:re 
dist~ · part. ·· · · : . . . . . · ·: 

Non-gird:iing wounds \1suali;Y".-:cicc11r in large; 'ii6ots ' and , in tll ~ r9ot: collar 
region~ . 'nhey vary in - size from a . single tlunnel to areas · of riddled · bark 
several ' iriche ·s across ·, Although these wounds are very resinous, and tend 
to hea~ qyer, they ._~su~lly . becom~_infected before h'ealing : is • complete. '-

0~ a tree ' b~sis' r~ot ' ~Q.t w~; hi~~ly ;d;r;el.ated · (r~ -o. 7504) with P:i.nsect 
wounding . of both type~~ .: Th~. mo§t advanced stage of -decay (indicating the 
proba.b_le region first ,·at,taqked .PY .fungi) ,. was . always in the most heavily 
wounded part of the root .system; in roots with . moderate wounding : the rot ··· 
could be trac~d .definit,ely to the · wound. 

~oot .bompression. -- ; - .· Compr~ssion ca1,+sed by ·growth expansion •against - stones or 

1. 

t 

Most of the figures and tables have been published in the Forestry Chroni-
cle, 37(4): 401-411., :1961, and -.a:re therefore . omitted here in order to 
conserve space . · · 
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other roots, kills the protective bark layer. Root wood is thus exposed 
to infection, particularly when compression is against an infected root. 

Redmond (1957) found wounds on the under side of roots, apparently caused 
by stone bruising, important entrance courts for fungi in balsam fir. He 
even .found stones completely embedded in wood in the vicinity of root 
crotches. Domanski and Dzieciolowski (1959) foundPolyporus tomentosus 
root rot associated with deformed roots of sects pine on stony and imper-

. meable soils in Poland. · · 

In white spruce in Saskatchewan and Manitoba compression wounds were en-. 
trance points in 4.7 per cent of 1170 diseased roots. White spruce roots 
were frequently deformed by growth against roots of the same' or other ·spe-
cies, especially aspen, which composes a considerable portion 6f mahy 
sppuce stands. Deformities of this kind were most important for entry 
of fungi in older stands in conjunction with . Hylob:l..us wounds. 

It may be concluded that factors .contributing to root compression such 
as shallow or stony soils, and dense stands with many roots in a single 
.narrow horizon, are factors predi$posing roots _ to infection. 

Roo.t Grafts. Root grafts, though not mechanical wounds·, are considered 
here because their relationships with root infection are similar to those 
of root compression. Root grafts provide ideal entrance courts when one . 
-root of a ' grafted pair is diseased Redmond (1957) found decay (presumably 
in both grafted roots) in all of the occasional root grafts in balsam fir. 
Root grafts are abundant in douglas · fir and are important avenues of . · 
spread of Poria weirii (Buckland, Molnar; ·and Wallis, 1954). Vr3ry few . 
root grafts were found in white spruce in Saskatchewan and ·Manitoba, · and . 
all of these wer.e sound. Possibly grafts are more important in ·olcler · 

.. stands than those examined. 

Dead Root Erids. Redmond (19.57 )· ··found that 85 to 9n per cent of thJ root-
lets were dead on spruce .budworm defol;i.ated balsam fir, but he was abl

0

e 
to correlate only about 3% of the current root rot infections with pre;,. 
vious . budworm defoliation. Phytophthora cinnamomi_Rands infects rootlets 
of Pinus echina,ta growing under adverse soil conditions resulting in 
dead root ends, and eventually in death of the tree (Campbell,1951). 

Broken root ends· in roots one-quarterinch : or less in diameter were CQJTJilloh 
in some localities in Saskatchewan and Manitoba. These roots usually had 
died back for a shcirt distance abbve the point of breakage, arid;i ew root..; . 
lets branched a.ff at the .lower end of the living part. Stains, some of · 
which were incipient decay, extended from the dead root ends into the . 
living root. , Dead root ends, one-eight inch or less in diameter, were .. 
often completely grown over by callus -tissue, leaving the dead infected 
wood embedded in sound living tissue. Broken roots of this nature could 
result frolll _stress .during severe windstorms, as suggested by Redmond (19.57), 
or possibly from chewing by insects or small burrowing animals such as 
mice and shrews. ,,. 
Animal trampling. Roots near the soil surface are commonly wounded by 
\~e trampling of dear and elk', .esp~z~ly where tr~ils are made by the_•,-:,, . . . , 
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animals, Such wounds were always i.nfected in the present study, and account ..i 
ed fo_r LS' per cent of the dise;wed rpot,s, 

Root .canker wounds. This · term designates a type of healed or nearly . healed 
wound of ti.nknowncause, the swollen callus of which ·is covered by a thin .. 
layer of living inner b,ark arid . a thickened outer layer of · 21qugh, fissured, 
dead bark. A black noh ~•sporulating fungus was consistently isola ,ted from ; 
the margin of the dead bark andfrom pi!1k stains which extended into the 
wood from the healed wound. The .relationship between the black fungus and : 
'the lesions is not, known. These lesions were abundant in very ·stony areas:. 
and could possibly have been initi2.1-,ed .by ::itone bruising. Extensive de<::ay 
in some roots appeared to have entered through ·bhese lesions, but usµally 
the stain was limited to a local area near the wound. 

ENVIRONMENTAL CONDITIONS 

~cessive Moistp .re~ High water tables . following periods of h~vy or pro- . 
longed prec: 1.pitation on poorly drained areas result in root mortality _ and 
outright death of many tre~ species (Boyce, 1948). Newhook (1959) found 
high soil moistu:r:e fa-..ror9d root rot w.i.th which Phytophthor.a cinnamomi . was 
associited in four year .old pot.ted , Pini.is radiata .. He found a similar corre-
lation be:t·.veen h:i,gh soii moisture and disease in trees J0-40 years oldt , P. 
cirina.m.omi' para.sitizes the . roots of Pinus echinata to a much greater extent 
on · hea.vy-cla.y soils with poqr internal drainage than on well drained sa11dy 
soil$ ( Ca.mpbell.~ Copeland; and Hep\ing., 1953) o Similarly, Etheridge. ,(19.56) 
foi.i.n:d a higher ·incidence · qf rcct · roi infections on 11moist 11 compared . to .·· 
11dry 11 sites in ·subaipine spruce in Alberta • . The relationship was not clear 
cut, hovfev;er,. bec&u.se the t,r(3es 013 moist sites . a~so _ llad faster growth. 

On poo:.ly drai:c1:ed si ·bes in Saskatchewan and .. Manitoba., many fine _rpotlets . 
· and larg~:r roots up fo about one inch . in dia.me.ter of' white spruce were 
dead, app2.rent,ly as a !'esult, of ·e:iccess 'fve soil moisture . Soil. .,arqtind the· 
dead l"Oots was s2.turatedj . a.11.d water rose to 11 inches . .from .. the soil sur- . . 
face : in: ho:ies from. which st-..;mps w~i·e removed •. . The . extremities of . moisttµ'e~ 
killed roots were saturated. and were usually stained grey. No fungi could· 
be isola tr.~d from this part of 'the roo bs; however, Arniilla.ria mellea was 
isolated lrom the non-s~t,.urnt~d .;i.nd adjacent living par-t;.s of the root. 
Moisture".'killed roots provided infect;l..on courts for root:..rotting fungi at 
Candle Lake and Reser :•rc; none were found at !tiding Moup.tain, presumably . . :. · 
because of better soil dt'a.inage., ' 

Soil Ternperc•:.ur~o The opt .{m .. i.n ter:rpe:;:,atu;e for growth of a root path~g~n is , 
not necessarily the best t-nmper s.ttre for infection. Rennerfelt and Par:i;s 
(1953) found Fames annosu:c; )i.Lthsto:)C:. cor,roetH,ion from Trichoderma viride 
only at ,' t.emper2.turss-l:2J.o:•; 12°0. ,:l-dJ.G .i ;;:.; optimum growth occurs at 22cc. 
(RishbHth l95J.) . . 

To investigate the abiJ.it;{ of P. tomsntosus to compete with fungi. from 
dead rootlets at 1owel°' tsmpsra'tu:·es~-::-:-solates were grown . at various teinpe.;. 
ratu.res on malt extract agar. '.Che J:ootlci:; fungi were mostly hyphomycetes 
which . do riot· cause destructive dec2 .. y in roots . The latter fungi were 
placed into two growth-rate g;-:·oups·o Both groups grew faster over much of 
the range and had higher optimum temperat,Jres than P~ fomentosus, -bu'IY the 
latter grew fasta:,:- than group 11b11 and almost as i'ast as group llatl at 5°c~ 
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At this temperature P. tomentosus grew at about -one-third its optimum 
rate while the group-of fast-growing fungi from rootlets grew at about 
one-twelfth its optimum rate. This indicates that at the low soil tempe-
ratures prevailing during the growing season at Candle Lake, P. tomentosus 
may have competitive advantage over some of the fungi which were isolated 
from small roots. · · · 

Soi l Reaction . Root-rotting fungi that require a woody substrate for grow-
th and do not grow through the soil can hardly be directly affected by 
soil reaction. However, most of them have appreciable growth on the root 
surface and those that do not, may be in contact with root surface con-
ditions at least b6efly while spreading from root to root. 

Alkaline soils favor Fornes annosus infection of pine (Rishbeth 1951). F. 
annosus, which usually grows extensively over the root surface prior to 
infection, is antagonised by Trichoderma viride on acid but not -alkaline 
sites. 

Stand .-opening disease ca.used by the parasitism · of Polyporus tomentosus . on 
white spruce, has- been found only on acid sites (van Groenewoud, 1956)~ 
Studies on this pathogen (Whitney, 1960) have shown that it spreads by .root 
cohtact but grows very little on unsterilized root surfaces. P. tomentosus 
does not grow on standard media with a pH higher than 6.8 and Inability to 
grow on· alkaline media may explain its absence on ·alkaline sites. No speci-
fic antagonists from root surfaces or alkaline sites have been found. 

The possibility that high pH might restrict the growth of P. tomentosus 
in unffected roots or uninfected tissues in diseased roots-was investigated. 
The pH of bark and wood of uninfected roots and of infected and healthy parts 
in dise·ased roots was determined. Samples from the various parts were 
cut into two mm. squares, and soaked in distilled water for 24 hours. A 
Beckman model N pH meter, with microelectI_'odes, was used in making pH de-
te 'rrtri.na ti oris. · 

Results of 292 determinations from 56 r9ots show that the pH of sound bark 
and wood ih ·both healthy and diseased roots was within the pH range of P. 
tomentosus on artificial media. The upper limit of the pH range of healthy 
bark and wood ·in sound roots was slightly higher than that df the correspond-
ing healthy tissues in diseased roots; however, the small differences ob-

. tained could have been due to the diffusion of metabolites from diseased 
tfssues. The pH of diseased roots was considerably lower than that of '-
hea l thy roots, the lowest pH values occurring in the most advanced stage of 
decay. This indicates that the fungus reduces the pH of infected , roots as 
it tends to do with ·artificial niedia. From these results it is concluded 
that the rate of growth of the fungus in roots is not governed by pH. 

Host Vigor. Etheridge (1956), referring to stem and root rot together 
suggestedthat ·faster-growing subalpine spruce were more prone to infection 
than ·slower-growing trees. Wallis (1961) found the growth of F. annosu.s 
mycelium was significantly higher in roots of suppressed compared to dom-
inant Scots pine trees. Percentage infection, however, was about the 
same on severed roots of suppressed 4ominant trees. It is widely held 
that Armillaria mellea attacks suppressed and otherwise weakened trees to 
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a greater extent than dominant and healthy trees (Boyce, 1948; Day, 1927). 
However, Christensen (1938) has · found infection t o be common in ·apparently 
healthy trees. rt · may be that infection is as common in heal ·thy trees; but 
the spread of the fungus and the development of disease following infection 
does not · occur. ·· 

To '.investigate the possible effect of host vigor on infection and resultant 
root rot · of P. · tomeinto:3'us, observation~ were made oI1 root systems · of heavily 

shaded suppressed · tre es in an area where stand:--openings were common·. · If 
host vigor was important in predisposing trees to infection and disease 
development, a higher percentage of the suppressed trees would probably _be 
diseased. Two transects 300 · feet long · and 12 · feet wide were made·~· on which 
the root systems of all trees · W"ere examined. Only those tiees that · were · 
in stand..:openings were diseased, ai'id trees · of an · crown classes were e_qually 
affect ·ed~ From this result it is evident that low host vigor, :·as indicated 
by suppression, is ·not an important predisposing fa6to1:' of inf'ection and 
disease development • . The absence . o·f P. tomentosus root · rot betwE?en. startd-
openings suggests that effe ct ive inoculum was lacking~ arid the slow growth 
of the fungus, which apparently is restricte d to roots, may be a more im-
portant limiting factor than host vigor. 

Fast-growing trees ·were evidently as susceptibie . to infection by p; tomen-
tosus as those with slower growth. Growth measurements of thirteen diseased 
and three healthy trees on each of four plots were made from increment 
cores obtained at breast height. . Annual ' ririgs were mel:l.sured in t ·e'tiths bf 
mm. with thei aid bf a st ereo:iniscroscope. . . 

The radial .increment of trees with 100 per cent of the roots dead (recently 
kil~ect' tree~), began to decr _ease · from 5 to 15 yea.rs · prior " to ·i:ieath;. Al1 
roots on the~e trees were ,de'9ayei,d with_!:. tomentosus. Since the furigus grew 
at an averagerate of 1e·ss than tw-o inches per year in inoculated roots, a 

· period considerably in exce.ss of -· 15 years . after infection would _be ~~qu1;red 
for comple .te itivasion of rot>ts and tree death~ · These res ·ults ind:foate ·that 
infecti.on tob ·i<: place befor i the · period of growth "slow down" that preceded 
death, and thd t ' it is riot o~ly weakened or declining trees that are attacked 
tiy ,!: • tomentosus. · · · · 

Soil' !mpermeal:>Uity. Day (i9.51) was ·aole ·to c.orrelate tlepth ·of rooting in 
' various coniferous speciM with the occurr ·ence . of root and lfatt rot . in 
Britain. He considered that .restriction in root develop!llent . caused by 
soil coinpac_tnes ·s- ·of · Iioor drainage resuftec( in · "roo't r'ot · 'in the trees~ 
Paine (1960); ho~~:ver ;" 'found -th at -shallow ro .otin.g and low soil nutrients 
resulteq in outright death of white ··spruce without the occurence of root 
rot. van Groenewoud (1956) found the .B-Horizori very compact on a;eas of 
root disease in white 'spruce and the inability , of roots to ·penetrat ·e the 
soil may. be a ;fa:'ctor predisposing this sp¢cies · to Polyporus tomentosus. 
When roots cfan not penetfate ·the B-Horizon they ·become · concentrated in the 
A-Horizon and excessive competition for mbistute, nutrients, and space takes 
place. The resultant concentrations of roots in a comparatively shallow 
space · produces a mo;r'e or less continuo1.1s substrate · suitable 'for·· P. ···tomen;,.. 
tosus, the vegetative growth of which is apparent ly cdnfined to roo-rs:-
Other fac ·tors bearing directly on the flil)gus, Jlowever, are also oper,a tive 
in this disease. · ·· 
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Some relati on$hips on predisposition of roots to in.fectio~., such a:-J scoto 
pine on alkaline soils being much more susceptible to Fornes annosus than 
on acid soils, ·are becoming well established . Also,it is fairly clear 
that mechanical injuries;, su_ch as Hylobius and compression wounds, in-
cre _ase infection by exposing wood and dead bark. However, the basic and 
undoubtedly complex ecological relati onships of most tree root-rotting 

: fungi are little understood and the knowledge we claim to have is built 
up_from _association of factors only; rather than from experimental evi-
dence ... 

At least .two major obstacles have hindered intensive ecological investi-
gations of root fungi. They are inability to determine presence or ab-
sence of the organisms in soil, and inability to inoculate roots with a 
satisfactory degree of success. Some advances have recently been accom-
plished , wi_th the second of these by Wallis (1961) who found that the use 
of hardwoocCinocul-um blocks greatly increased the percentag e infection 
with Fames annosus in Scots pine • .. 
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ROOT~ROT DAMAGE AND THE CONTROL OF FORESTERS 

T. W. Childs 

In a- small -town in southeastern United States, in the center of the village 
square, stands a monument' to the cotton . boll weevil. This pest reduced the 
local cash crop by hundreds of bales annually. It was so destructive, in_ 
fact:, ·that farmers were compelled to diversify their agriculture. As a 
result, soils are slowly recovering from past abuse. Local economy is 
more prosperous. Hence the erection of this monument by a grateful citi-
zenry. 

Just how_ d~aging was the weevil? Disease damage .:ts generally assumed 
to be the total decrease in yield of ··useful products that is associated 
with activity of a pathogen. This seems reasonable ~nough, but the weevil 
statue makes us stop and think. Was the weevil I s effect ·on cotton yield 
a propermeasure of its damage?_ Perhaps sorqe of our other pests also de-
serve an occasional entry on ·the credit side of the ledger. 

In evaluating damage, we take pains to distinguish between primary and 
secondary parasitism, to give due consideration to the physical e~viron-
ment1s effects on such things as tree vigor (whatever that may be), and to 
allow for the fact that yield is not a straight-line function of stocking. 
We accumulate data from long-term plot st,udies and, in the meantime, ._ try 
to get interim results by complex calculations and extrapolations. Such 
activities are no doubt worth while, as intellectual exercises if for 
nothing else. ' 

But in our preoccupalion with details of an exceedingly difficult. 
problem we are inclined to forget the primary objective of forestry, and ... 
the concept . of damage that harmonizes with that objective. Let's take an : 
example, and look at one or two of the basic relationships that we, should 
consider before trying to compute the damage that it ca.uses. · · 

Poria weirii root rot is unquestionably a damaging disease. Strong circum-
stari'tial -evidence indicates that its persistence and local spread are 
favored on areas continuously ·occupied by successive stands of Douglas-fir, 
and that it gradually disappears . when Douglas-fir succession is interrupted 
for considerable periods by other vegetation. This in turn suggests that 
we might profitably refrain from planting Douglas-fir, . almost before ,the 
slashfire is cold, on areas where Pdria is much more than ordinarily 
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abundant. We say, however-- and I have heard these very words- "We can I t 
afford that. We can't afford not to keep _our land fully stocked all the 
time. 11 

This attitude is based on several assumptions. First, that despite its 
costs and other disadvantages, planting immediately after logging is 
good business because it presumably gains a few years on the next rotation. 
Second, . that plantings on badly infected .areas will somehow escape serious 
damage by Poria. I'll not attempt to demolish these two assumptions here, 
although 1 111 gladly undertake the job in private, We need merely view 
them with s_kepticism until such time as they are confirmed or discredited 
by economic analysis and by a few more decades of records from Poria plots. 

The next assumption, a multiple one, is usually made more or less un- . 
consciously. This assumption is tha t natural Douglas-fir stands character-
istically are pure, fully stocked, and regenerated immediately after the . 
destruction of their predecessors; and that, since Nature's ways are best, 
continuous full stocking is synonymous with maximwn productivity~ With 
certain qualifications we might accept the bi·t about Nature's ways, but none 
of the rest of . this corresponds very closely to the facts. · 

You who have he/id-chained in fir know how seldom are crown canopies 
continuous enough to discourage vine maple; and how often you find individuals 
and groups of sc.rub hardwoods, 11Sidehill 11 alder is so common that it is 
generally considered a hui,sahce. Waiter Meyer (Jour, .Agr, Res.- 41:635..:665, 
i93b) states that in immature stands 9,5 percent"~a.lmost one-tenth-" of the 
average acre is in small 11hoi~s. ri His figures include gullies and rock out-
crops, but do not include breaks in the Douglas-fir cover more thah2 chains 
across. Wheh we say that Douglas-fir stands are pure and fully stocked; 
ail we really mean is that they are a littie more so t _han are stands of most 
other species. · · 

The myth of immediate rege11e·ration can b'e exploded even more easily, 
ft probably originated lil<e this: All the firs in a stand are about the 
Saine size! therefore, they are ail the same' ~ge; ther:fo:e th ey lll~st ha".'e 
started right after the old stand was destroyed. There isn t much wrong 

.with this except poor observation, worse reasoning, and an er:1;0,nequs con--
·c1usion. (In passing, note that we unconsciously use this assumption--- . 
that n_atural regen ·eration is immediate and complete even over thousand ~ 
acre burns--as a step in the support of our contention that 60-acre settings 
must be immediately planted because natural reforestation will be" slow and 
incomplete.) 

Anyone who has watched the process of natur al reforestation; or mentally 
reconstructed it on big old burns; knows how i:rregula.r it usually is and 

· how long it often takes. Such observations are confirmed by data, In 
Boyce's study of heart rot (described in U, S, Dept, Agr, Techj Bul. 
286; 1932); age at ground ievel .was determined for all trees of merchant-' 
able size oh 38 plots where the trees had been felled during ordinaPy old --
growth logging operations. -Average plot · area was 2.05 acres and average 
nuinber of sawtimber Douglas-firs per plot was 71, On the average plot, 
the quartile range of Douglas-fir agef>jwas 30 years and the range of ex-
tremes was 172 years. f 
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When we lump together all .these facts--delayed regeneration, persistence 
of openings and groµps of hardwoods, light for _~s.t cover over brush, 
together with premature opening of stands by pests or wind--then it is 
apparent that the average acre within the Douglas-fir type falls far short 
of being fully stocked with Douglas-fir at all times. 

Then, if we .continue to assume that Nature's ways are besit, we ire 
forced to conclude that Douglas-fir stocking should be intermittent or 
only partial if we are to obtain full productivity. We must remember 
that th;i.s is still orily an assuwnption, but i .t agrees with what we 
know about plant conrrnunities in general, and is not as far:...fetched as 
it may_seem at first glance. · We might even dignify it by calling it a 
theory~ . Assunption or theory, it deser:ves serious ·consideration . Its 
bearing on such important things as recreation and water yields is out-
side the scope of this discussion, but it cannot be ignored in our de-
liberations on cl.amage by disease.. · . . 

There's an old saying that one...:crop farming makes a rich father but 
a poor son •. Whe? we strive for continuous full stocking of conifers:, 
we may not only be wasting effort that could· better be devoted to othei • 
purposes--we may actually be reducing yields and impairing the productive-
ness of our land · resource. In most Douglas-fir localities you don't have : 
tc>-look very hard or long to find symptoms 9f nitr _ogen deficiency, yet 
such symptoms are rare in close association with alder . Perhaps an inter-
mixture or short rotatio .n of alder may increase total Douglas-fir produc-
tion by increasing soil nitrogen. Even the despised and cursed vine maple 
al.mo.st certainly improves the structure of the soil, if not its fertility. 

A,ccording to our new assumption, a Poria w'eirii.- . i11fection center is 
evide??,ce that plant success:i,on therehas not followed the usual pattern, 
and that, exclusive of the effects of the disease, conditions for Douglas..; 
fir growth there ·are consequently inferior to those in superficially similar 
but uninfected parts of the stand. Poria damage, then, is not equivalent 
to the differences in yield observed b.etween infected and uninfected plots. 
This is a comforting thought. Iive been bothered because I couldn't think 

of -a good way to measure diseasEi damage, and it- 1s · consoling to realize that 
maybe. there isn I t any slich thing. ' 

I am also supposed to discuss root-rot control. · No one can reasonably 
deny that robt rots cause real damage and must be controlled. But giv;,e · 
a moment's thought to the damage that foresters .themselves may be causing 
by uncritical acceptance of conclusi ons that seem too obvious t 9, be quE:lstion-
ed. We pride ourselves on membership in a young and alert profession, and 
in many instances we are finding and adopting better methods. In far too 
mapy instances, however, the only thing that keeps us from practicing our 
grandfather's mistakes is that there wasn't any Nbrth American forestry · 
in Grandad's day. 

After profound meditation ori this subject, I am inclined to assign a 
secondary priority to root-rot control, and top priority to contro J. of 
foresters. Present company not except ed. As foresters, we should have 
one objective and one only--to get the maximum yield of useful products, 
tangible and inta:g=~le, from foresi :: n,: '. / ~~.h things as co~t~~~o~s ·!u11, .. , 
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stocking, .f:ire protection, or even root-rot control, are not necessarily 
means to · that end. When we fail to discriminate between real and sub-
stituted objectives we are likely to ~ind oursalves in the front rank nf 
pests that reduce forest productivity. 

When, .for example, we take continuous full stocking as our . goal, ·we for-
get that this substitute goal may hot even · be compatible with our real 
one. The dry-land wheat farmer can crop his land each year for an annual 
yield q.f 8 <i>r 10 bushels per acre, or he can summer-fallow for a biennial 
yield of 30 bushels. Nature has her own ways of gi,ving the land a rest, 
although she's a slovenly old girl and puts a little brush-fallow here 
and a little there instead of in neatly outlinea 326- acre blocks. 

I h~ve· b~labored this · continuous· full ·stocking idea partly because it's 
far enough from my field so that I am not unduly cramped by a knowledge 
of the facts. :Then, too, it's always easier to see the mote in your bro-
ther1s ~ye than the beam in .your own • .Mostly~ however, I am interested in 
stocking because of it .s influence on my favor'ite disease, and because it 
pro~des an excellent illustration of why foresters must .be controlled. 
And.I repeat: by fore:;;ters; :I mean us. The .f.orest manager is not without 
respon,sibi:I.i ty in such mat'ters' but he is esse ,ntially a believer' a man 
of faith. He has t .o 'be J or he Id never get anything done. It is the 
researcher who is above all responsible for: maintaining an open, or what 

· is . even better ., a chronically suspicious mind, for careful scrutiny of all 
assuinptiohs (especially the .obvious), and for constant insistence upon the 
necessity for facts as bases for conclusions and action programs. 

-~ . . . . . 

It might be going t ,oo far to assume that .a J>or:ia weirii infection center .-· 
is attributab .le solely to Nature Is mrsharidling of ~µ.at particular part 
of the ,stan .4, and that the fungus, by opening the canopy and introducing 
a rotation of yine ma.p),e or alder, has .had a net .. effect that is ac~ually 
beneficial,~ Never~hele _ss,. 'by making us consider its <basic ecological. re~ 
la"tionships, Poria forces us to give .some tho ,ught to fundam~ntals 6£ -
forest cul.t~re -which we cannot afford to ignore. ~n that way,. at least,; . 
Poria and , i _ts fellow pests are as beneficent as the . boll weevil, and are 
~Cluatly deservi'ng .of our; gratitude. · · · · 

I ,do not \irge_ the erec .tion of a statue to Poria weirii, (A small plaque, 
perhaps; wif.p a basidium rampant, setal hyphae in 9rle, a~d of course a 
berid sinister.~) Looking into the future, I foresee the 509th Western . 
Intern$. t:i.~ni;ii" Forest D:lsease Work Cori£ erence, held here in Bani'! iii' the 
yeaj; ,246i~. · 'Word comes 'from theP6ria Weirii National Monument that! the , 
last survivor of that species ·has just qied.from an oyerdose of strontiUlll 
failciut •. The. assembled thousands of researchers, including as 1+.sual ~ • . ·. 
maxim,~ of two from each of the participating United States laboratorie~ ·, 
stand with bowed heads for a moment. of silence in memory of that friend of 
martliind,, who. compelled us to master Nature• s 'primary · lessons before attempt-
ingto . create silvicultural masterpieces. · · 

----------------------------------------------------------------------------
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LIMITATIONS WITHIN THE ROOTING ZONE AS A CAUSE OF ROOT.DISEASE 

R. G. McMinn 

Day, in a series of papers (1938, 1949, 1950, 1951, 1953, 19.57, 195,9a, 
1959b, and i960), has developed the proposition that deficiencies ·with-
in the rooting zone provide: 

11the initiating or foundation factor in the development of disease, 
in the later stages of which parasites or pests play a more or le 9s 
important part ••• 11 

In his paper "The imperfection of the environment and its importance in 
the management of forests", Day (1950) states: 

1iForestry in,., Britain tends inevitably to be relegated to the 
less fertile soils~ · The factors which determine fertility are 
those which relate to the nutrient status of _the soil, space · 
available for permanent root development, and variation in water 
and · oxygen .content: low fertility means in practice, a deficiency 
in one .or more of these things, Because of this, curves of abnor- . 
mal shape, indicating the presence of root disease, are corrn'ilon in 

. British forestry, and whenever root disease occurs ••• the possibi-
lity arid importance of ••• fundamental edaphic deficiencihas to be 
considered. 11 · · 

In Day's paper, four curves are used to exemplify different situations. 
The first curve is derived from yield table data for _·Height Quality ·. 
Class I for Sitka spruce in Britain. · A fairly rapid increase in rate 
occurs up . to the II grand period 11 of growth which is then followed _by a .• 
gradual tapering off. · .The second curve shows the increment rate '· bf trees 
growing in: sand of only moderate nutrient l:ltatus, uhderlain by ·gravel 
which has a stream at some depth as water tabie • . Day conside:rs that the ·. 

· slow initial growth re.fleets the relatively po.or nutrient, 'stat,-us ·of the 
surface soil and its poor water re ten ti ve ca.paci ty. The subsequent in~ - · .· 
crease in rate is thought to result from· the vertical roots having rd~ch .ed 
thevater table. Maintenance of a moderately good rate for many years . 
subsequently ( the trees were 80 years old at the time of ex~iriation) i's 
considered to be attributable to trees having an adequate volUnte of soil 
for rooting and a susta:ined supply of water. The· third curv-e ''shows growth 
in a :moderately fertile gravelly loam overlying, . at· 1811, a baciiy d;ra:Ened 
sandy clay~ At first growth was _good, comparable with the ftr 9t curve ; 
With 'increase in the size of the trees, roots entered the clay layer, it 
being the nbrmal habit of Sitka spruce (and of most other tree . sfecies) 
to increase rooting depth with increasing size of crown and bole. This 

' is where trouble is thought to begi11. 'The gradual decline in increment 
which followed the initial good growth is thought to coincide with the · 

· entrance of roots into the fissured clay subsoil, That roots in such 
locations are subject to die-back is well established, whether decline 
originates through lack of adequate aeration or through the activity of 
pathogens such as the Phytophthora root rots. The maintenance of the large 
crown necessary for height increment to be sustained in a large tre ~ 
(there being a large amount of metabolizing tissue to maintain) is con-
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sidered to be depei1dent on the co'ri tinued f"un~tioni~g ;f tl)e deep root sys-
tem. s·urface soils simply do no·t cor1tain large ·enough moisture r eserves 
to carry large trees through periods o_f low rainfall when subsurface 
irrigation is absent. ·· · · 

The fourth curve shows increments in Sitka spruce planted .in f~rtile but 
shallow ·(about ' 911) peat overlying badly drained sandy clay. The initial 
poor increment is thought to coincide with the period when root develop-
ment was festricted by competition from the ground cover present w,ien the 
area was aforested. Later as tree crowns clos~d, thij, vegetation was . 
sha.ded out and a relatively high incpement was attained reflecting the 
fertility of ·th~ peat _layer .. The subsequent catastrophic depline in 
grow~h rate is thought t() follow a drought which killed the ~bsorbing 
rootlets confined · iri · the · shallow peat layer _ becaus.e _deep . roo ,t,ing was pre-
vented in the underlying ill drained . clay. The sli,ght . upturn in rate 
pres~nt in the la:st few years shown ).s likely to correspond to the regenera-
tion of ·s6me · ab_sorbing rootlets. · ' · · 

Similar .fluctuation in growth ' increment during the 11grandperiod 11 are shown 
by Day (1953) in his paper _ 11The growth of S_itka spruce on sha;l..low soils 
in relation ' to foot disease ' and windthrow. 11' The inference is made that 
trees which have grown to relatively large sizes but whose roots are 
restricted to shallow soils are 11out on a limb.". When periods of drought 
occur, trees lacking roots in submirface soil horiZ'6ns a,re. una.Bie to draw 
on moisture reserves in the lower soil profile. Growth ·:rati:ls eventually 
decline ' and some trees may die. . .. . . . 
These illustrations seem quite plausible, as do tl:le. suggestion th~t :gum 
veins which occurred in eucalypts in _ Cyprus (1959b), a11d. the top q.ying of •. 
blacd< pine on the same I sf arid ( Day 1960) were .a,ssocia ted with di-ou,gh t,y · 
sites. · · · · · · · · · · · ' · · · · 

'. \ ' • • I 

Other implications in the _se .pc!,pers . are Il).bf.e ccintent,fous: 

11Examp1es ~f -soil -cqnditions ' which act as foundation f,actors · in 
initiating root diseases _ are fr~ ·quefitly obser-::ed~ _ Tl:ie most conin),on . 
in Britain are pro .v:ided by sites . on ·wni-ch root disease de:Velops of 

. which ·butt-rot oaused by such furtgi as Fqmes annosus; ' 'sparassis · .. 
crispa or PolyporU:s schw_einitzi,i is a sign~ _ . Field expe:rierfoe . shows 
that ', 'although th~re niay be soine ___ real ~degree of parasi~ism .with . . · , 
fungi of this ' type, which on occasiop results . in t4e , death ·,o,f tr ites 
(Risbeth 1948), it is, at ·least.in Britain, always possi1:lle to . . ., 
find evidence of . restriction iri supply o:f the fundamental needs · of ., : 
the tree for root development and maintenance ••• 11 (Day 1950, p. 3i2)~ 

In response to this viewpoint, some comments by Peace ·on an.other report 
by Day (1951) are pertinent: _ 

t 

11Day is certainly putting forward a perfectly valid idea, and th.ere 
is no doubt that free rooting depth is a matter of grf3at importance, 
in regard to both rate of growth and health. - I consider, however, 
that he ascribes undue influence to this one aspect of t .he relation 
of the tree to its environment ••• 
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There are certain difficulties in explaining it (the dying of 
Sitka spruce) entirely on a basis of restricted rooting. Often 
·1 t occurs in groups, and the groups tend to extend radialiy. This 
is more suggestive of a pathogen spreading from a central infection. 
Usually one or two roots die completely before any of the others 
are obviously affected. If the disease is due soleiy to inadequacy 
of rooting space,one would expect the root system to deteriorate 
as a whole. If one tree is left isolated as a result of the disease 
it usually fails to benefit from the increased rooting space pro- · 

· vided by the death of its neighbours. There is no evidence that the 
disease is associated with underthinning, though one would expect this 
to be the case if rooting space were the sole cause. I would cer- ·. · 
tainly not deny that rooting depth may well play a part in this disease, 
but I feel that the behaviour of the qisease is not consistent with 
this as the sole explanation ••• · It would be interesting to knowhow 
often the conditions Day associated with root disease occur in plan-
•tations where growth is reasonably rapid and the tree .s healthy. · More 
investigations of healthy sites seem required before such a definite 
correlation of restricted rooting with ill health can be established. 11 

Although Day in his paper on the ~rowth of sp·ruce on shallow soils (1953) 
states that: 

11The examination wa·s ma.de to ascertain what factors other than P.ara-
si tic :i;ti.fes'bations or infections were acting to cause the :thinning of 
crowns, the death bf tr~es 1, :and the susceptibility to windthrow ••• 11 

and elsewhere Day (1950) refers to the action · of outright parasites, one 
may be excused, in the face of suc4 statements as that previously quoted 
(itis always possible to find evidence of restriction of supply), in 
concurring with Peace in thinking that Day ascribes undue influence to 
rooting depth. However, in response to Peace, it may be stated that it 
is just as possible to imagine that pathogens are spreading ._in weakened 
hosts from a centrai infection as it is to think that a root disease is 
spreading in trees wJ+ich are perfectly healthy. Day (1953) refers speci-
fically to evident thinning in the upper C!'.Own. This is suggestive of . 
systtemic deb~lity, fqr if only .a ··_few roots are affected and the majority 
are still quite he~lthy, could it not be expected _t,hat the Jpica],_ portion 
of the crown would contimie activity and recession would be through a 
reduction in size originating in the oldest, lower portion? Peace also 
comments that usually one o:v two roots die completeiy before any others -
are .6bviousiy affected. If by 11obviously affected" is meant that the 
reJ'llc).inder are n.ot lacking a healthy complement of absorbing rootJ.,ets, 
then it would seem that a virulent pathogen is involved. If a vigorous 
tree with a full complement of absorbing rootlets suffers from a root 
parasite, then that parasite is pretty powerful. Such would seem to be 
the case with Poria weirii in coastal Douglas fir, where contact is · 
11the kiss of deathn even to a 25-year-old tree with an annual increment 
rate of 2 to 3 feet! 

Day (1950) emphasizes that: ,,,. 

nrt has to be remembered that space for growth of the root (systems) 
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is as much a need as anything else ••• 

"Other things being satisfactory, -the -roo ,t (system) will •.remain · 
adequately healthy when the rooting space is large enough to p·ermit 
thegr6wth in size which is normal for the species, the variations 
in water and oxygen supply are never unduly large and nutrient 
deficiencies never acute. The size of the tree is . then determined, 
according to the species, by the amount of water and food .materials · 

· ava:ilable. ·. Trte ·alternative proposition is that · rooting space· 
- ceases to-be adequate at some ·point in the -development of the tree, 
·which will, at this point, attempt to continue to grow so .that it . 

. may· cissume tli.e size and sh~pe which is normal to it, considering the 
Limiti .ng factors ••• . such as waterlogging- or compaction will be 
re .spons:ible for this; th .en because a tree root is necessarily limited 
in horizontal spread and ca~not compensate in that way for limitation . 
in depth; quite apart -from the inherent tendency to .extend in depth, 
th\3· growth of the tree will necessarily become restricted. 'Jtls .o • 
because in this -case, limitation of root devel9pment is obtained by 
cutting back of growth -which is attempted, as when a root dies 
th'rotigh .haying grown. into soil which is frequently waterlogged, root 
diseas .e. • • will 'occur. 11 · 

- . . 
We have , then • the proposition_ that when a tree whieh has been growing 
satisfactorily, ._reaches the lim:Lt of size permitted by the rooting space 
available on that · site, ·root disease, that .is the death of roots, . whether · · 
pa tho genie or non-pathogenic, will inevitably deveJ,op. When roots are . · 
pushed int6 horizons in which they can.not survive or roots are · confined · 
within . a rooting zone i,,rhich:. dries out; photosynthesis is reduced and .. the 
ability of roots to ·Jorm protective cork _ layers or pitch is impaired and 
roots are vulnerable to pathogens • . If such circµmstances are severe or 
repeated, the .. tree becomes debilitated and. the stage -is . -set -for • infesta-
tions or . irifec:\:,,i,cm. · Day ( 1959). quotes the. ;i.nteresting case oi'! a · thinning 
experiinerit'·i:nvolv±ng Bi-tka .. spruce in Nystru:p .·(Denmark)~ .. The . tree ·§ w~re : 
growing ' in . shallow sand overlaying chalky · bou.ld.er ci'a.y whfoh · permitted 
only l:i,mited' development of absorbing rootle .ts. Following the grought _of 
1947, the _first .treatment mostseverely _affected by bark _ beetles was that 
which has _ been thinned mos.t heavily an,d had shown the . greatest . crown and 
diamete/ development. .The contention is that these tre-es wqich had been 
stimulate<;i ·to fastir growth by thinning had reached the·ma.ximum size for 
the site: The smaller trees of lightly thinned or unthinned stands were 
not .yet at a size which made them as vul ner able to environmental reverses. 
Tqere is in this case a similarity to the situation in some pole bligh t 
affe¢ted .white pine, stands. · Initial rapid growth may merely · speed. the · 
tree ·to the limit of -the site 1 s capacity, so that the .bigger thef are, the 
sooner , they fall. . 

Durtng the development . of an even-aged starid, the dominants ,i'nitia1ly 
have an advantage in competition beca1Jse trees _in .the subo:i<diriate canopies 
are so . shaded that their photosynthesis rate · is · 1ow and root development 
consequently is restricted. No one is S\+rprisea when suppressed tr.ees 
succ,.mb to root disease. · · A~ the crowns. of dominants increase· in · size, a . 
commensµrate increase in the - voiume of absorbing · rootlets must take ..,.place'~ 
Day (1957) po~tu,lates that.when the limit of the site is reached, the tre es 
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of the dominant canopy lose their competitive advantage because they are 
then vulnerable to any periodic fluctuation in supply. Death of some 
roots occurs and crown volume must be reduced to a level corresponding 
to conditions of minimum supply. 

A further thesis, not one specifically advanced by Day, but one which 
seems pertinent to his view on forest hygiene, may also be advanced. It 
is probably more than a coincidence that many of the exotic species se-
lected for use in north temperate forests pecause of their highly productive 
growth rates, are intolerant pioneer species. Suqh trees a re usually 
quite exacting in their growth requirements: they are the emergents of 
stand or they fail. Sitka spruce, around which much of Day's argument 
centres, has tremendous growth rates given adequate soil moisture and 
nutrients, but as Day (19.57) observed, it is overtopped and suppressed by 
more siade tolerant species such as hemloek and cedar when site conditions 
do not meet ·the exacting requirements of Sitka spruce. It seems possible 
that an inherent capacity for ra pid growth is incompatible with an ability 
to release once the youthful stage or grand period of growth is over. 
Perhaps trees which have gone through this period are in a particular 
physiological stage of development and may to some extent be in an over 
extended morphological condition. Hemlock, on the other hand, is re-
markable for its ability to endure suppression .and subsequently to show 
release when the formerly dominant canopy breaks down. By release is 
meant the ability to form new roots and shoots after a period of slow 
growth brought about either by shade or other adverse environmental con-
ditions. rt · is possible that the concept of vulnerability at a size dic-
tated by the limit of rooting space applies particularly to pioneer species 
such as Sitka spruce, to white pine, Douglas fir or larch in the Interior 
Hemlock Zone (Krajina 19.59), to ponderosa pine in the Interior Douglas 
fir Zone ·or to the southern pines where tolerant hardwoods are climax. 
Climax species, on the other hand, such as hemlock,~ grand.is,!• 
amabilis, A. lasciocarpa,or Douglas fir in its own zone, which seem to 
have the abi1ity to gear growth rates down to virtually nothing, are pos-
sibly not as vulnerable. Additionally, longevity in climax species may 
also be associated with a difference in response to th e activity of 
pathogens. In some cases it would seem ·that a pathogen which may affect 
a tolerant species merely as a butt rot (e.g., Poria weirii in red cedar) 
may act as a lethal root rot in an intolerant species· (Douglf s fir). 
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THE ·PROBLEM·OF ISOLATING AND IDENTIFYING 
ROO'f .. DISEASE ORGANISMS· 

.'.) . 

·· • • .. : ' 

\l - :_·, ;.: .. •··'"'·' 
Aimost . a- century has· elapsed since · three :of ·the · most du.fa.bl~ te;hric:,..'.. , 
logica],, Ji,eitelo_pments in the history of -plant path9:l.ogy t,9ok' piace .. ,in .·,_ 
th~ • lq;boratory of ,Robert Koch. The.'first was the utilizati'ciri 'of a,ga_i, :: 
as a substrate for the cultivation of-microorganisms. The secorid was 
the development of the petri dish, and the third was. the establishme~t .. ,.--
of the 4 r .ules -of proof · for : demonstrating the patho _genicity of · a microbe •. . 
The appli9ati6n • .. bf . these developments · has ·changed very l Ltt le ,·s:i..nc,e they 
wer_f? '-first employed al though the inadequacies of s,tandard __ agar . m,edla and,-; 

- pla ti:l'lg, meth0ds, and the difficµlty of applying Koeh I s post,ula f:.'es to . . _ 
:roo1;, ci::i.:sease ·s have long been •evident. - -- - . ' - - ··,- - . >:,' :· , : ": 
. . . . ' .. ... - ' . . 

Root disease.s of forest . trees ar ·e ·of · great ·consequ'~ho·e:; but bec~use more 
etioio gical work has been carried out on root diseases of agricultural 
crops, many of the examples cited in this paper have been gleaned fro_m 
work :with ·non-forest plants. -On.€!' has only to ·· peruse a 'check list , of , 
plant diseases to see that ,some common root disease organisms attack .a 
wide range of b.osts, and !UUC4 .9f the information 01:?tained ·in · -~tu d:i;es·" ~'f 
root diseases o.f beans, peas:, wheat, Corn; potatoes ·, on:L6ns., and the like . 
may ~ave s~me application to roo t diseases 'of fo~est speC:i,es~- . •· . ,·, . 

,,,. 
Root diseases may be induced by a number of causes: hacte ri ~ '(c;o~ g':~l}, 
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fungi (club root, various root rots, vascular wilts), nematodes (root 
knot), viruses (net necrosis of potatoes), and nutritional (black spot 
of beets). Even crop residues have been suggested as a primary cause of 
root rots (7). However, th~ great majority of the known root diseases of 
forest trees are caused by fungi and this paper will be conc erned largely 
with this group of organisms. 

In a study of root disease the first difficulty to overcome is t ha~ of 
recognizing an abnormai condition as a root disorder. Often above-ground 
symptoms do not develop until the roots are well decayed and at this stage 
saprobes predominate in the microbial population on and in infected tissue. 

Examination of plant root systems constitutes a second problem. Plant roots 
are not easily observed in an undisturbed condition because of difficulty 
in setfaJ:'.atirig_ the roo ts f _rom the surrounding soil. Root .observation boxes 
(11) have been used . to study undi stur bed root systems . of small plants. 
Various root washing procedures have been employed (19 , 25), but no doubt . 
many of the fine roots are lost. The us e of ultrasonic equipment such as 
that now used in industry for clean i ng .electronic circuits and the like 
may provide a means of separating roots f rom soil with minimum damage to 
the roots. However, the study of intact tree root systems is virtually 
precluded becaus ~ of their enormity. 

Even if the roots can be exposed the isolat ion of a specific organism 
may be difficult. Some organism~ are. able, under certain conditions, to · 
attack living plant roots and these a r e considered primary parasites. 
Others; called secondary parasites _, invade living root ·s· .only ·after another 
agent has opened a path for invasion. In addition, the soil abounds with 
a variety of saprophytic microorganisms capable of invading dead or dying 
plant material. Often both primary and secondary parasites occur together 
to cause what is called a disease complex. A few organisms causing root 
diseases have not __ peen cultivated ·on non-living media and are considered 
obligate parasites. _ · The isolatio _n of root disease and soil fungi has been 
reviewed recently by Warcup (30) and many specific techniques may be found 
in his paper. · 

The ease of isolation of an organism is usually directly rel a ted -to its 
saprophytic ability and there hav.e · been <;ases whe·re ease of isoiation of 
an organism has led to erroneous conclusions. _ An example of this is pink 
root of onio 'ris caused by Pyrenochaeta terres _tris. Initially a Fusarium 
was consis tently isolated from diseased roots and· considered to be the cau~e 

of the disease (29). What person working with root diseases has not been 
able to isolate a Fusaril.l.Ill from dise~sed roots with at least · some con-
sistency? 

Microscopic examination of diseased .roots may reveal a microbial popula-
tion differen 't from that determined,.. by platin g procedur es . In a study of 
microbial associations in bean root rot (17) Thielaviopsis basicola was · 
observed by <;ltrect examination on 1~ PE?rcent of the roots examined but this 
fungus comprised less than 1 percent of the fungal isolates obtained from , 
roots placed on water . agar or on potato dextrose agar. In the same study, 
mycelium that was otherwise unidentifia.Tule was observed microscopically in 
two:.third s ci'f the roots studied . Of the fungi is ola t ed on agar media only 
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three genera-- .Thielaviopsis, Alteraria, and Rhizoctonia.--could be definitely 
identified . by microscopic examination of the roots. These · f i ndings are in -
complete agreement with Garrett's statement (14) that "with the plate count 
method one identifies :what one cannot see (i.e., in situ), whereas with the 
direct method one sees what one cannot identify. 11- -- . . 

While potato dextrose agar will no doubt continue to be the standby of the 
plant pathology laboratory, more and more selective m~dia are coming into 
use •. . These can be classified into 2 groups and are used alone or in com-
bination. The first includes 11baits 11 which are organic substrates favoring 
the development of one or only a few organisms. Apples (6), lemons (16), and 
avocados (32) have been .used to .trap various Phytophthora species; .Thie-
lav;i.opsis basicola can be _isolated without difficulty on carrot disksl"31); 
and Rhizoctonia solani was isolated easily from buckwheat stems buried in 
infested soil ( 23). Rish beth ( 26) employed freshly ,.cut pine stems to de-
tect the presence of Fornes annosus and Peniophora gigantea. Fleshy roots 
have been used to det .ect the crown · gall bacterium, Agro bacterium tumefa-
ciens, and the hai .ry root bacterium, Agrobacterium rhizogenes (1, 2). 

The second group of s electt ve media are· those t~ which . a . material has 
been added which .. inhibits the growth of organisms other than the one being 
sought. Rus,sell (27) isolated Fornes annosus· on malt extract . agar con-
taining 0-pheriyl-phenol and a medium containing ethyl alcohol has been used 
to isolate Verticillium from the soil (21) • . Many microbial metabolic pro-
ducts, primarily antibiotics, have .been useci to prepare semi-selective 
medi.a. Parm~ter and .Hood (24) recently reported that cultural filtrates 
of a specific organism will enhance t .he isolation of that organism when 
added to a medium • . • 

Even though the isolation of a specific root disease organism is possible, 
we are still . faced with the question, 0Are pure cultures of organisms de-
sirable in studying the, etiology of root diseas ,es? 11 Fawcett . (12) thought 
not and advan .ced the . argument that . pathologists should • do more: work with 
mixtures of organisms. More .and mor,e evidence is accumulating t.hat combi-
nations of ba,ct .eria, fungi and nematodes are . .responsible for various soil-
borne diseases. One of the members of the complex no doubt usually pre-
cedes the others and should be considered the primary pathogen even though 
the .complete .symptom picture does not develop as a result pf inoculation ,_ 
with this o_rganism alone. Therefore, K;.och1s postulates are not satisfied, 
if only a single.orgqnism is employed. 

Once an orgam :sm is isolated in pure culture and its pathogehic;i.ty defuon-
strated . there . remains the problem of correctly identifying the organism. 
Identification of obliga:t~ .parasites obviously must be by direc t examina-
tion, but foi non-obligate parasites not producing fruiting sturctures 
on their normal substrata, identification is usually based on the morphologic 
structures produced in culture . Many root disease fungi; especially 
basidiomycet :es, .when cultivated on agar media produce only conidial stages 
or sterile myce+ium. Terms such as Mycelia Sterilia, Mycelium radicis 

.·· atrovirens, V(:i~ftcu:Lar ·arbu .'scular el')ciophytes, unifentified mycelium, brown 
· .sterile mycelium, and so forth (15) are fre&uently employed to describe 

sterile cultures. / 
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Several methods haYe been described . for · prod ucing · sporophores · of basi.:. · 
· dioinycetes. These are all basically the same and employ a steri'le ·woo'd 

substrate supplied . with a nutrient -medium and held in a moist atmosphere 
(4). Snyder and Hansen (28) have also stressed the importance of natural 
media and environmental eonditi9ns Tor the production of fruiting struc .:. 
tures of certain deuteromycetes. 

Identification: of pathogenic - fungi may be considered from two points of 
view: the morphologic a:nd the physiologic. Morphological characteris-
tics that are easily recognized, weil..;defined, and not subject to -p:r'o-
nounced change due to environment or genetic varia t ion have pr .eference 
but often the pathologist is dealing with either the conidial or sterile 
stage of a fungus '. These stages · frequently are :'difficult to eatf:lgo;rize 
on accepted morphologic fea tu.res. · Then • identification is usually :based 
on the host species attacked. · 

Sev~ra,l physiologic~l approaches, such as nutritional or substrate group-
ing · (3, 13), inhibitory effects of'. chemicals (9), serology ( 8); •hyphal .. 
fusion (5), and interfertility or sterility (20), have been tried but 
these techniques 'usually have not provided the consistent results required 
for acc ·eptance; However; · these procedures <l.o in some· instances provide 
valuable supplements in the · cultural i ·ctentification of furtgi, 

In the absence of sporophores·, keys such as those prepared by Davidson, · 
et al ( 10) · and Nobles ( 22 ) are invaluable tools for identifying fungi 
in culture. Certain fungi have specific identifying features such as the 
oedocephaloid conidiophores of -Fornes annosus, the rhizomorphs of ·Armillaria 
mellea and some other root disease fungi, and the sclerotia of Sclerotium 
rolfii, Rhizoctonia solani, and Phymatotrichum omnivorum . 

Despite these difficulties a name can usually be found for the •fungus ih 
· question, ·but the problems of validity, acceptance and synonymy remain . · 
The genus Fusarium ·exemplifies this problem. ·American pathologists · use 
Wollenweber .·and Reinking 1s · system • . The -same is true for some higher . 

· fungi, for · example, most species referred to as Aga'.ricus in America r,are 
placed in Psalliota in Europe. 

t 

The connection between the , imperfect stage of a fungus and the perfect 
stage also : may be a source of confusion. · Again the form genus Fusarii.un 
is an example. Four ascomycetous genera, Hypomyces, Gibberella, Nectria 
and Calonectria, represent perfect stages of various Fusaria. Species 
of the form genus Rhizoctonia may fall into two basidio:mycefous geri.e~a, · 
Pellicularia ·an:d Helicoba.sidium. Some, such as Rhiz6ctonia bafaticola;' 
produce a pycnidial stage which in · this case has th e name Macrophomina · · 
phaseoli. · · 

Similarity of names may lead to' 'confusion . This is demonstrated by the 
incorrect interchangeable use of - the names of the imperfect fungus, : 
Thielaviopsis basicola, and the ascomycete,; Thielavia bas':i:cola. Al tho'ugh 
there is no genetic relations hip between these two fungi:, ' there frequently 
is a biological relationship. ·. They are commonly associated in nature and 
it has been shown that cultural extracts of Thielaviopsis will st t mulate 
cleistothecial product io n by Thielavia (18)~ · 
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Hbst specificity raises another question in regard to identifying r.G6t 
disease fungi. . Should the different host isolates of fungi with wide 
ho'st ranges, such as Armi..llaria mellea~ Phymatotrichum omnivorurn, 
Verticillium albo-atrum, and so on, be considered identical or do they diffet 
sufficiently intheir p~ysiology, i.e., in their ability to attack diff&~ent 
species, to be differentiated from one another ' at the sub-species level .i • 
More cross inoculation studies will have to be conducted to answer these 
questions. 

The problem of isolating and identifying root . disease organisms actually 
consists of a series of problems which can be summarized as follows: 

(1) Recognizing and associating foliar symptoms with root disorders. 

(2) Exposing root systems for examination and isolation. 

(3) Isolating a primary pathogen. 

(4) Proving the pathogenicity of that organism~ · 

(5) Determining the role of mixtures of organisms in the etiology of 
root diseases. 

(6) Identifying, in culture, the organism isolated. 

(7) Producing fruiting structures of the fungus isolated to aid in its 
identification. 

(8) .Avoiding the pit.~fJ.llfl sµrroundiri~ _synony.my, vai _idity, . arid similarity 
of names. · 

(9) ,Determining the host specificity of an organism. 

Perhaps the greatest need for future work on root disea$e fungi lies 
in the development of specific trapping techniques ' for the ' various fungi · 
involved and the construction of keys ba_sed on those characteristics, 
both morphologic and physiologic, exhibited in culture. 
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APPENDIX I 

ACTIVE PROJECTS - NEW 

(Project leaders' affiliations and addresses are given in the mem9~r-
ship List, Appendix (VIII). 

D. • Root and Soil Diseases or Relationships 

61-D-l Nursery and reforestation diseases (Robert V. ·B~ga?~nd R~ S. 
··:· Smith) . . .. · 

Objective: To determine field ·survival of sugar pine .anq . 
· .. : ·Douglas-fir grown in nursery beds fumigated with di:±:feJ?ent ·. 

chemicals. · 

61-D-2 Fomes annosus (Robert V. Bega and R. s. Smith) 

61-D-3 

· ·Objective: . To determine efficacy of soil fumigat ,ion as . a 
control measure in . high value areas. To develop reliable 
inoculation techniques. To _study the genetic variability of" the fungus. .. . . , ' . . 

Soil microbiology with special reference to forest and nur-
sery root diseases (K. C. Lu). 

Objective: To determine the kinds and numbers of micro-
organisms present in the ·soil .under various conditions, and 
the relationship between these micro-organisms .and root pa-
thogens. 

F. Stem 'Diseases- Malformations ·, witches' brooms dwarfillistletoe, etc. 

61..;F-l Eradication and thinning studies for dwarfmistletoe control 
in infected stands of western larch, Douglas-.fir, and lodge-
pole pine (E. F. Wicker) 

- Objectives: ·To investigate the effects _ of direct eradication, 
and silvicultural operations for dwarfmistletoe 'control, on 
impact of tree growth, arid intensification and spread of the 
pathogens. · 

"· 
G. Stem Diseases-Stains and Decays 

t 

61-G~l · Growth characteristics of heart rots (Lee A. Paine) 

Objectives: To investigate the growth rate and other 
characteristics of isolates of Fornes pini from Douglas-
fir and white fir on the same site. Growth character-
istics will be compared over the temperature range of 
14.5° to 28.5° C. over a period of 60 days. 

/ 

61-G-2 Decay of hemlock in the Kitwanga Area of British Columbia. 
(J.E. Browne) 
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6l ~G-3 Study of decay in commercial conifers of the western white 
pine type , (Oo K. Miller) . 

. Objectives: (1) 'lo identify the causal fungi of major im- · 
portance and determine their relative ;importance; (2) To de-
termine the external indicators of decay., and to assess their 
value in estimating cull in standing trees, 

61-G-4 The Indian-Paint Fungus in Northern Idaho (Arthur D. Partridge) 

Objectives: The principal objective is to study this fungus 
and its effects under various physical and physiological con-
ditions. An attempt. has been made to interrelate laboratory 
and field work to facilitate fulfilling · .this objective. Lesser 

· objectives include mapping the occurrence and intensity of 
decay, correlating indications with cull, and finding correc- · 
tive management practices,. 

• H. Stem Diseases- Rusts an.d Cankers 

61-H-;I. Streamlining pollination and progeny-test methods in breed-
. ing for blister rust resistance in western whit .e pine (R. T. 

Bingham) 

Objectives: To test the efficacy . and reliability of four-tree 
pollen mixes and ten-tree pollen mixes used in topcross tests 
for detecting general combining abi+ity for rust resistance 
vs. that ··orour standard top-cross test involving four single-
crosses with individual test-tree pollens. Controlled polli-
nat;lon andprogeny .test work and costs canbe ·cut to one-
third if ·individual tree incompatibilities, pollen germina-
:tion , dif,fe:rence .s:, etc,,, do . not interfere · with , mixed-pollen 
tests. · 

61-H-2 Breeding andrnlection for climatic adaptation in interspecies 
hybrids, toward accumulatioh of a pool of rust-resistance 
genes from other white pines of the world (R. T. Bingham) 

4 
Obj ec ti ves: As some insurance · against development of new 
physiologic races of the blister rust fungus, to accumu-

. late a reservoir of resistance genes in the form of locallY,-
adapted interspecies hybrids which, if needed, will be ~-
ready for irrunediate use. · , 

61..:..H-3:•· Life cycle of spruce broom rust (R. S. Peterson) 

Objective : . To examine aspects such as cross-fertilizat:i:on 
by insects, infection requirements, incubation period, my-
celial extent. · 

K. Miscellaneous Studieso 

61-K-l 

t 

Physio+ogical a.ction of antibiotics in tree disease control 
(E. A. Schwingha.mer) 

[., 
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~--. :;-~·{ . 

•. - .. Ob;iectives-: < Th±Sl.projec '.t is still fn · the ·an~lysis stage 
arid studies have not yet been set :UP~ The o'ver-all objective 
i 's .t c;>"-make-··basic ·studies the ·results · of -.W,hich' will be use-

=>; · £u1 •in developing an•tibiotic -·control of various · tree di .. 
· ·;. ' ·. · ~-· · sea·ses. . t 

·.' :·~ : . 
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APPENDIX II 
:. _; 

.:, .: . · .. -TERMINATED PROJ.ECTS 
.· ,:: .:~-. : . - . -• : 

-.. ~._ ·-.• · 54-D~l . ·:,SurveY"of:··Phytophtho:ra iateralis;(John Hunt) :. 
~~-.-.. ~·. :· ·_.--,,: , ~~-.:.·. •.·. ·. ': .... : .· .·.· ·:: ·.- ·.· •. .!· "·. i. · -:·:. 

<· ·· · .. S7-F .... 9 ComjYarat ive anatomical study of conduc·ting . ti:ssue of 
Arceuthobium-infected and noninfected -.conifera : (PSW Forest 
and Range Expt. Stn. contract .research with · Univ •. of Calif. 
at Davi.s--L. Srivastava ·.a.nd Dr •. Katheiri-ne ·'Esau)· •. ,·:. · .:·: ·_. 

· ••:: f~· ,:i:Putilicatii:oh ·f . 'Relation of dwarfmistletoe : (Arceuthobiilmf to 
· · •·. -,.:r . :the xy(lem:tissue of -•conif ers. -'I. Anatomy- of ,.parasite sinkers 

and their connection with host xylem. Anier-; J • . Bot. 48( 2): 
159-167. II. Effect of the parasite on the xylem ana-tomy of 

. ),, · ···:1 .··:, ·-the :host :-.· Juner •. ·:J .• Bot. :·48 (3)! 209-2]$~ .··.· :·: 
. : : •: ; : ' • • • l • ,•~ · .- , f., .. 

·.,. ,57..(} .. 5· '.t'emperature...growtll ra..tes ·of . Echinodontium tinc ·torium in 
-: ···· , ·.,, :-:·rltro ,· (1. ·:A. Paine) •.. · 

• • • f •••• • - ; 

- ·, ·: · . ' Publication ·:,· Growth. studies · of regional .· isolates of Echino.,. 
·- : · ' i• ·, , ~i ;, dontiUlll' tinctorium, the Intlian pa.int fungus ,-( Lee A • . Paine .· 
.-,··: .. -::-.·· -.andr:William ' (h •.O!.Rega.n). : Acc·epted for publication by the 

Canadian Journal of Botany. 

: -~':f>---·~~~~~--------~;..-~ ------------..:.-------,- ~,----:---.---~-:---:_.;.p.:_i,. __ ~- ·~ .~"!"'· .. -·-- ·-
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, . : ·. ~\' : . . APPENDIX: III ·: 

.· .·.· ... /! "· . . ,,1.:· . ' NEW OR MODIFIED TECHNIQUES · ... · : · · ... · 

TH,E.:.USE.;.OF·.THERMOC0UPLES:FOR THE DETERMINATION OF WOGD TEMPERATURES· 
. ·,,.. A. A .• Loman . , 

Thirty-gauge copp er-c onstantan thermocouple wires connected wil h a po- . 
tentiometer were ·: usea to measure inte rior temperatures ot · iodgepole · :pine 
logging residue at various levels . The thermocouple wires were pla,o-ed-
in ,the . wood;:ana. remain ed there · for th e duration of the temperature -de-
terminations ... ;The -manner of · inserting thermocouple wires to predeter-
mined levels within the wood was a modification · of methods proposed by 
Russel Eggerts (Jour. Agr. Res. 72(11) jun e 1946 ). The potentiometer 
with a 2.5 feet 24-gauge copper-constantan lead wi.re . CO\lld b.e ¢a..rried · .. 
from place to place. / 

Holes were drilled into the wood with a ~/ 16 inch wood auger bit into 
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which 1/4 inch pol1:eth;y:lene -~ubing _cou;t<i. b~_ inse _rted. Th_e po,lyet:tiyl~ne 
tubing was cu.t 'in ·p'redete~inined lengths; --and ·holes were cut in its wall 
at known distances from_ one end_. __ A ther~ocouple wire wa_s :i,nsertf3~-= i;.hrough 

. ,each of".L·the ~.hol~s -"iind threaded :to ·onE:: ··end of the tu?.!3,·· where they w.ere-
carefulJ,y labelled. · ·. ·Three -i.hches of thermocouple wire · were· aliowecf 'to--
protrude from the hole to eliminate thermal conduction to or from the . ·'-'hot 

,, junction!'; .the ·ce't::tori, ~leevirig was· ref}\oved,'. a1!d the in '.sulating . 'rniterial , 
was carefully -'scrap ·ed blff wit? ·.· a knife; · The ·c·opper . and cons tan tan wires 
were tightly wound together. This portion was then .w9und in _a groove _ 
· cut ·-around :the : tubef ·and coat _ed with 11s•i1al ~'.l-111·-'tp ·keep· the w:i,.res in :_p).ace·. . . . ~-.. ·. \ . . '. :.. ·, : ..... :· .... :,-: : . : . .: ' 

The ends of the thermocouples were prepared for connection with the lead 
wires as follows: one inch of cotton sleeving was removed from the ends, 
and approximately 1/3 inch of insulatin g material was scraped off the wires 
which were separated by blocks of wood measuring 3/4 by 1/2 by 1/8 inches. 

The lead wire ends were attached to a clothespin in such a way that a 
firm connection could be obtained between the copper and between the 
constantan components of both lead and thermocouple wires • 

. ELECTRICAL APPARATUS FOR DETERMINING. INJURY AND DEATH IN TISSUES(C.A. Greenham) 

The apparatus demonstrated comprise~ a wide-range A.G. bridge, operating 
at 1 Kc/s ( 11Low Frequency11), 10 Kc/s, and 1 Mc/s ("High Frequency"). The 
apparatus measures the plant tissue in terms of Resistance and Capacity in 
parallel. It is usually convenient to make contact with the tissue to be 
measured by means of needle tips. 

Often a tissue may be characterized solely in terms of resistance measure-
ments, particularly RLF (resistance at 1 Kc/S). Living tissue has a high 
value for R1F• Usually R1F decreases with increasing injury, though it 
may increase if the tissue loses water or electrolytes. On the other hartd 
RHF is low in li vihg tissue, and ap~roaches the va1ue for RJ,F with in-
creasing injury. At death RHF~ RLF, though the ration RLF/RHF at death 
can be between lol to say 1.6 when metallic needle tips are used. 

Some research applications of the instrument are: 

1. 

2. 

4. 

,. 
'~. 

t 

Determining the lowest point of dead tissue in the roots of sprayed 
plants, in terms of both RLF and RLF/RHF• 

Determining the response of the potat o tuber on invasion by a 
"virulent" and 11avirulent 11 strain of Phytophthera infestans ' (here the 
reciprocal of R1F'Wp.!?:used). 
. , 

J ,,, 

Diagnosing the pre sence of blackheart in intact pineapples, in terms 
of RtF/RifF (unpublished work in collaboration with the Queensland 
Department of Agriculture). 

Discriminating between healthy and virus-infected clones of potatoes 
(here both resistance and capacity measurements were used at 1~ Kc/s). 

Determining cold-hardiness of ecotypes of alfalfa and white clover. 

;?-
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:, .. 

t 

6~ . Studying ·the inheritanc~ . of ~old hardiness in alfalfa. ; 

Further details of the instrum~nt arid of .published p~pers de~cribing the 
inv~~tigations above wili be fou1;1d in the following: . ..: , . , . . . ..... . . . . . . ., . 

de Plater, C. V. ·and Greenham, C. , G. 1959. A widl?;:•range .A.. C. bridge for 
determining injUl'y and de/3.t~. Pl~nt Physiol. 3.4:= 661-667. ' . ·.·, . . . . . 

Do&.y, . H. and Gree~~, c.: •. G. ·· 1960. Genetic studi, ~s on cold hardiness . in 
Medic ago sa ti va L ~. .J. Heredity • . 51 : 249-25 5. 
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APPENDIX IV 

PUBLICATIONS 

Heart-rot hazard is low in Abies amabilis reproduction 
injured by logging. Pacific Northwest Forest and Range 
Expt. Sta. Res. Note 1960 5 pp., illus. Nov. 1960. 

, . . 

A. and R. J. Bourchier. 1961. Province of Alberta-
Forest Insect and Disease Survey (1960). Can. Dept. 
Forestry, For. Ent. and Path. Branch, .Ottawa, Ontario. 

3. Bloomberg, W. J. Electrical determination of wood moisture content. 

4. 

5. 

Can. Dept. For Entomol. & Pathol. Branch. Bi-monthly 
Prog. Rept. 17 (2): 3. 1961. 

Bourchier, R. J. 1961, A list of pathogens on Pinus, Populus, and 
Quercus in Alberta, the Rocky Mountains National PaTks, 
and the Northwest Territories. Can. Dept. Forestry, Fo~. -
Ent. and .Path. Lab., Calgary, Alberta. (Mimeographed). 

1961. Lallroratory studies on miarofungi · isolated from 
the stems of living lodgepole pine, Pinus contorta 
Dougl. ·Can. J. Botany, 39: 1373-1385. 

6~ Childs, T. W. Delayed killing of young-growth Douglas- fir by sudden 
cold. J. For. (Note) 59: 452-453. 1961. 

7. · Etheridge, D. E. 1961. Factors affecting branch infection in aspen. 
Can. J. Botany, 39: 799-816. 

8 .. . Foster, R. E. Reports and publications -of the Canadian Government per -
taining to studies in forest pathology in British -Co-
lumbia Dept. For., For •. EntomoL & Pathol. Br., Victoria 
(multigraphed) 1961. · · . ·. · · 

9. Gill, L. S.:., and F, G. Hawksworth. 1961. The mistleto~s; a literature 
review. U.S. Dept. Agr. Tech. Bul. 1242, 87 pp. 

10. Graham, D. P. 1961. Dw§,rfmistletoe . of Douglas-fir. Forest Pest Leaf-
~et 54, U.S. Dept. Agr., Forest Service. 4 pp., illus ~ 
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12. 
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clearcuts. Evaluation survey report. U.S. Forest 
Serv . , Intermountain Forest and Range Expt. Sta. 7 pp. 

and C. D. Leaphart. 1961. Larch and lodgepole pine 
dwarfmistletoes attack scotch pine. jour, Forestry 
59 (5): 375-376, illus. 

13. Ha~y~z.! ...... G~_<?_l:'.ge _M. Effects of refrigeration and shippin.~ on sugar ,.,.pine 
field survival. Tree planters 1 Notes 45:17. Mar. 1961. 
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14. Hawkowo~th~ F. G. l960. Distribution or ponderosa pine dwarfmigtle--
toe in the vicinity of an Arizona volcano. Ecology 41: 
799-800. 

15. _____ 1961. Observations on Arceuthobium vaginaturm in Mexico, 
Madron~ l?(l): 31-32, · 
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,pine. U.S. Forest Serv~ Rocky Mtn Forest and Range Expt, 
Sta. Res. Note 59, 3 pp., illus. 
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. Wick~~' ~cl.! . Ji' •. , · and .Charles D. Leaphart~ .'.:. 1961· .. : . Efiects of thr~~, ant:L°-
b;lotics on tree _diseases arid · forest v:eiieta.tion fo llowin g 
aeric/.l applica.tion , to ·western white pine .-s"~nds. Plant Di-
sease Reporter 45(9): 722-724. ., _,,_ 

52., .. Zille~, W • . G. Pear rust (Gymriosporangiulli fuscum) in North America. -
·:··· . . . ..Plartt", Dis. Rep:t,i-::45: ,90-9'4~ 1961.- · . . ._ 

. : . 

53. 

,. 
t 

Pine twist rust (Me),.ampsora pinitor 6ua) in North ,'.America: • . 
Pla nt Dis .. Reptr.-. · 45! 327-329-; · _l.? L • 

'A list of pathogens on ·Pinus, Populus , and Quercus in 
British Columbia and the Yukon Terr.itory. , Can. -.Dept . For, ., .· 
For. En.tomol. & Pathol. · Bran'Ch,:·Vic"to:ria. . ~Multigraphed)., 
1961. _ .. ,.,·;_ 

and D. St;i.rling. Sapsucker dalflage · in · coastal ·· British · 
Columbia. For •.. Chron. , 37 · (4) .q •Dec: --1961). 
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APPENDIX V 

MINUTES OF THE BUSINESS MEETING 

. The business meeting was called to order by Chairman Hawksworth at ·: •;..::,t ,1• ;,;,, , 

3:o6 p.m., October 5, 1961. 

Secretaries' report. Jim Kimmey moved that the .minutes of the previous 
meeting, as written in the 11Proceedings of the Eighth WIFOWC, be c3.pproved. 
The motion was seconded by Keith Shea and passed by voice vote. 

Treasurers 1report. The Secretary-Treasurer 
Credits 

Balance from 1960 
Interest 
Receipts 

Canadian money 
u. S. money 
Exchange at 2 3/8% 

Banquet (with trimmings) 
· Receipt book and name tags 
.Bus rental for field trip 
Coffee 

. Expenses of Dr. Grace 

Balance on hand 

. ·$.-36.06 
.27 

241.00 
200.00 

4. 60 

$481.93 
$ 49.18 

gave the following report: 
Debits 

$353.00 
9.75 

50.00 
3.00 

· 17 .oo 
$432:. 75 

Harold Offord moved that the report be accepted. Acceptance was approved 
by voice vote, 

Report of~ Interim Program _Chairman. The Interim Program Chairman, 
Don Graham, read the report included in Appendix VI. Chairman Hawksworth 
congrat ulat ed the Interim Program Chairman on a job well done • 

. Mistletoe Committee report. The report of the Mistletoe Committee 
(Appendix VII), having been given to the members at the beginning of 
~he conference, was approved without discussion. Committee chairman 
Shea pointed out that the chairmanship of the Mistletoe Committee was due 
for rotation . He forthwith appointed Frank Hawksworth as new chairman. 

01~ business. The 9 policy amendments introduced at Centralia were re~ 
introduced for consideration. The Chairman indicated that the members had 
elected by letter ballot to consider the motions in open session at the Banff 
meeting. Brief discussion of the value of thes e motions in pre ~enting 
undesirabl~ expansion and the possible detrimental effects they might have 
in creating an overly formal and infl exible 11constitution 11 followed. 
Art Parker then moved th at the motions be tabled. The motion to table 
was seconded by several members and carried by voice vote. 

New business. Keith Shea asked if Lake Gill's 1955 report on chemical 
control of dwarfmistletoes should be brought up to date? Some members 
felt that revisi on was unnecessary; others suggested inclusi on of / 
antibiotics tested on any disease, or the inclusion of al l chemicals 
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~~g. antibiotics tested on all diseases. Following the general discussion, 
c·~·--Gordon moved that ·the Chairman appoint one of the members to compile a 

i.l'i.st,~.of chemicals and antibiotics that have been tested on .. any .fo:ca13t:,.di... 
sease within the W.I.F.D.W.C. area- this list, with brief indication of 
re sult s of the tests, to be included in the Proceedings. Childs seconded 
the mot ion and it was carried by voice vote. 

Sele.c.tion of .site for the Tenth W.LD.W.C.- Art Parker invited the group 
to meet at Victoria. Paul Keener extended an invitation to meet in Tuscon. 
Harold Offord made the annual invitation to meet in Berkeley, stressing the 
numerous advanta ges and ple.~sures th at would accrue to the membership by 
holdtng the meetings in th e magnificent and always exciting state of Cali-
fornia • . Shea moved that the invitations be closed. The motion was· se·conded 
by Miller. No vote was taken and no further invitations were extended. · · 
Wallis mentioned that Tuscon and Berkeley were considered to be fringe >"· ' 
areas. The chair called for a show of hands. Victoria was chaseri over 
Tuscon by an impressive margin and over Berkeley by a ridiculous landslide. 

A brief discussion of the meeting date followed. The general trend of -
opinion, as sense ·d by the Secretary, was that a meeting soon after the 
close of the fiel? sea&an was preferable to a later ·meeting. · 

Election of Officers • 
. ,.,. Ohainnan: Dick Parmeter was nominated by Wallis. While the Secre-

tary was trying to object, the nominat ions were closed and· Parmeter -was ··. 
elected. 

Secretary-Treasurer ,: GarQ.I)er • Sbaw ·was. nominated b;y: Parker. Offord 
moved that the nominations be closed. The 11aye 11 votes obsc\l!'ed Childs~ · 
second of the moti,:m. . 

Historian: Nominations were opened for .the new.office ·of Historian. 
Ray Foster was nominated by : R,o.f'.i. ·with .-custoiria.'ry. ceierity- / a: move by .. 
Miller to close the nominations, . second by Shea, and a unartimdus -voice vote 
in the affirmative were made simultaneously. 

Adjournment: The meeting was ,_adjourned by tacit agre,ement .. at 4:16p.m. ,f 
. . . . ~, . . - .· . . . -- . ---------- ·l' . ., { it APPENDIX VI 

SUMMARY OF SUGGESTIONS FOR CONSIDERATION BY 1962 PROGRAM COMMITTEE 
·- I • ;_ • 

. . , 

1. . Nursery diseases, sqil fungi, soil fumigation. 
use of .chemicals on same sites (·nurseries). 

Effects of cp ntinuous 

2. Pathoiogical problems in natural regeneration and .plantations. · Need 
to · follow the tree beyond nursery. 

3. Thorough and complete treatment of mycorrhiza. 

4. Use .and progress of antibiotics and other systemic materials i ?;, 
contr ol of forest diseases. 

s. Physi ology of pa~asitism of diseases. ·.~• .... A6-Predisposal of trees by physic-

,. 
I 

, 

, I 

, . , 



������	
����
��	
��

����
��ń ��
��;�ń H�	ń ����	ń ��
�� �Mń ���� �ń ��ń ����
���Ĩ�ń 
%�����ń ���ń
������W����������
�ń

&� �	�������ń ��ń �	������ń ��)��*�
ń ��
ń ��������ń ��ń �*��
ń ��ń á���� ���
�	����ń ����
�ń ��ń ��	���ń 
�������ń Iń����
����!ń 
µ��,ńļ[ńĸ

u\ �ń �������ń ��ń ���ń ��ń 8��ń ���ń �����	ń 
����ą�����ń ��ě�¦�æń �§	������
��	����ń ��ń ����ń �	ń �����
ń �	�Õ�
��]ń 5���ń ���
����ń 	���������ńĽ^
{���	Ĝ����ń ��ń ��ôń ��	��	�ń ����Â��ń �������	ń ��ń ��	�>ń ��������ń �����Ŀ+

2_ ��	ń ���������ń ��
ń �=������	�8ń ���
������"ń ����ń ��ń �����ń ��
ń 
������
��	ń ���	�����ń ��ń �	������ń ��ń ��Ã�ń ����Ć�ń �đń ���ń ����	¨�

'� ~����
�ń ��
ń ������(���ń ��ń �����	�ç�Qń Ä��������ń ���
�����õ�ń ����ń �	�
���ń ��ń ���ń BC����@-ń ����ń ����ń �¼����ń ��ń ��è
����ń ��ń 
����ē�
ń ����	���"

������ń ��	��	����Rń ����
ń ����ń ������(���ń �:
ń 
���������ń ��ń ����
ń 
���#

�mZń

��lń

�1�ń

�r�ń

�s�ń

�t#ń

�&�ń

op#ń

�2Pń

6������ń �����
�ń ��
ń ������(���ń ��ń 
���!ń Ĕ��
%��ń.ń��
ń ���
�������Øń`
���
���ń ��ń ���ń ć���ń ��
ń 
�
�!�-

��	�ń ��ń �Ĉ�º	��ń ĕ½����ń ��ń Ă�����
ń �ĉ���
ń â������ń �����ŀĹ

$�>=	�
�Ċ��ń ���
���ń J�������
�a����� �,#

6������
ń b�	�������ń �¶ń 	���ń ��������/

���
ń ��	ń �	���%��ń ��ń ���
��ÙÅ���ń �	�ãń �����
�ń K��!��öÚ÷»���Sń ���Û�X?
����"ń ���cNń �����)Ł	ń ���	ł�	�����

��
���ń ��é
Æ��Ėń Çêń �øċ������!ń ��� �©	����ń ��ª�ÈD��ń �������Éń �¾�ĝń ��ĳ
��·���Y ��Ĳ�ë�����9ń 
������������¿ńľd

�«Įń  �ī�������Ğ�ń ���� �Č���¬ä�ń Êìĺń	�ùğń¡Ë�e­����/Gń L����ń 
ú)�č�
ń ��ń �'&�
���Ġ�í�Oń ?ń

}���ń �����
�ń ���àAń �	�������ń ��ń �ń �	��
ń���Ö�
�fń z������ń �ń ��������
��<ġ+ń�¸ń �ń �	��
ń �ĩ�×��Ģń ��
ń ����
ń ģ���ń ��	�ń 
<Ĵg

�û	�ń �å������ń �îvń ���ń ���Ĥń ��ń ���įń ���ń ��ń ��ăÞ��
ń ��ń ĥ���ń ¢®�	���
.+��hńE��ï�Ď��ń �Ĭ��Fń Ħ���ń �¯ń 
��ń|�ń ��ĭ�ńiń�À�ń �Ð��Üńjń�óėİ�	�

�'0 $�ü���Ñ���ń ��
�ý	�ń ��ń 	����Ì�ðĻń ��ń 
����Ę�ń ����	ď°���"ń ����£��
�
��
ń ��ń �	�
�
�Òā�ń �¹ń 
������ń ��ń �ń ������ń 
Íę��Ě±�ń�Ń��ÔÓñ�ń ²�������Á�
k

1nTń �ń ����Ýń ��������
ń ��3ń
���ń ��ń ���ń ����ń ����	����ń �	��ń 
%�����ń ��ń �����Ēń��	��ń 5��	���4ń
7�ĵxń ����ń 	��³�Đ
�ń ���ń ����ń 
���ń ��¥�	ń ��ń ��Î:�ń ¤þò´4ń 7���ń ��ń
�ÿ��������Ķń ��ń 
��ħ	�9Uń

q�� y�;	���ńı�	�ń ��ń ��
ń 	�
���ń 
�*�ß�Ą�����w3
�Vń �ń ������ń
�0 $��Ï��
������ń ���
�Ā	�Ī

� $�ķ�	�
�	��

�� ���

��

��

��

��



d. Rust diseases 
e . Root rots 

22. Culture media: 
stimuJ,ators and inhibitors 

2J. The most i'requent . answer · I received was 
Well, gee whiz, I haveri 1 t really given it much thought. 

·Many individuals talked in generalities so a great deal of reading 
between the lines is needed. 

·. . .- .- - - . .. - -- - - --------------- ------
APPENDIX VII 

COMMITTEE REPORT ON STATUS.AND NEEDS OF RESEARCH ON DWARFMISTLETOES. 

1 F . p J. E. BIER, , ., • G, HAWKSWORTH, J . R. AR.METER, 

and K. R. SHEA (Chairman). 

Highlights .. 0f 1961 Research 

I. Intensification and Spread. 

L 

a. Fifty-four previously known areas of dwarfmistletoe infection on 
;Lodgepol!:) pine were investigated to determine their extent and 
the intensity of infection. The .survey showed that61 per cent 
were heavily infected, and that 85 per cent of these were stands 
less than 80 yea:i:-s h_ad peculiar stand histories :which explained 

· the early ·development of heavy infection. ·The estimated area of 
these 54 stands is 43 square miles. (Baranyay, Calgary . ) 

. b. Two experimental ,fiights were ·made to determine th13 effectiveness 
of aircraft in mistletoe surveys. In lodgepole pine stands approx -
mately 80 years of age, witches' brooms were visible -from 300-500 
feet above ground, _ In stands over 100 years old the more _severe 
brooming was nsible from as high as 600- 800 feet. In jack pine 
stands where brooms are more evident:, infected areas were readily · 
vi~ib~e fr.em· heights of Bbb-1000 feet, During this iast flig ht 
an infected a rea; appro ximately 65 miles long and 8 mil ~s wide, 
was found in northeastern Alberta~ . 

The results .shi:?wed that aeri al surveys ~re suita ble at elevations 
up to 1000 feet for the detection of heavily infected old stands · 
or groups of trees, but are unlikely to be effective for infected 
young stands. ( Baranyay, Calgary.) 

c. Field work was completed on the st udy of losses resulting from 
. / 

J. A. Baranyay kindly substi t ut ed f or Dr . Bier in pr eparin g this 
report. _, _ 

f 



growth reduction and mortality in lodgepole pine stands infected 
by dwarfmistletoe. Results have not been completely analyzed 
. (Baranyay, Calgary. ) . 

d. Canker dissection studies on red fir and white fir were initiated 
in 1961. _Preliminary results indicate that , the year of infection, 
the age of wood at time of infection, the·age of cankers, and the 

· pattern of infection can be determined within reasonable limits. 
These data permit partial reconstruction of the infection -history 
of trees growing under various conditions, . (Parmeter, Univ. of 
Cal;i.f., Berkeley, and Scharf, PSW) 

e. Continued studies on dep<;>sition and ,retention of seeds on red firs 
and white firs suggested that retention of seeds in exposed areas 
was less than that on trees under shelt .ered circ'uinstances. (Scharpf; 
PSW, and Parmeter, Univ. of Calif., Berkeley) 

f • . Field work was compieted on a cooperative study between the Rock)' 
Mountain and Intermountain Stations to -determine · (1) the distance 
of . spread · and . degree of infection in lodgepole pine reproduction • ·· 
from infected border stands and from infected individual frees or 

. groups of overstory trees and (2) the minimum age at which lodge -
pole reproductio11 will beporo.e infected. Data:and samples were 
taken on 40 study areas in '. the Rocky Mountain Station territory 
and on 39 study areas in the Intermountain Station territory. The 
results suggest . that mistl ·etoe behavior in the tw.o. regions is 
very simt:tar • .. Tl'le:average · proportion of trees visibly .infected in 
stands 5,10, 15·;20 .and 25 years old . was o, l, 6, ·17 and 33 per cent, 

. respectively. The average maximum distance of inf.ection irito 
reproduction was 26 feet from the . ip.f.'ected, residual : stand. Dissec; 
tions of the oldest infections on the plots showed· that 1h per 
cent of the . stands were infected before they were 4 years old 
and 85 percent were infected before the. stands were ll years old • 

. ·.J GrahaJ!l. +Nr at1d Hawksworth RM) • 

· g. Re~.~xaminations wer~ made on th!;l per~anent .. ponderosa pine dwarf-
mistletoe silvi .cultu:ral control plots at . Grand Canyon and Fort 

· Valley Experimental F9rests, Arizona and oh the Mef}calero Apache 
Reservatton, New Mexico. (L;tghtle -RM). 

h. Data have been obtained on the effects of dwarfmistletoe on growth 
and Mortaii ty in 29 Colorado lodgepole pine stands ·. ranging from 
,~O ·to . 150 years old. The following tabulation shows the per cent 
reduction in stands infected for various lengths of time ~ 

Height of dominants and codominants 
D.B.H, of dominants and codominants 
Merchantable cubic-foot volume · 

179-

· Length • of Time 
Infected (Years) 
20 Go 60 
14 .·. 28. 42 ·. 
14 28 42 
26 . 74 109 

f 



. ·:~' .. 

Thus, in stands infected for 60 years the height and D. B. H. of 
the dominants and codominants were 42 per cent less than that in 

:.:.:i·•,.---• nearby .-uninfecte,d, skiaads • . , .Growth:-?t"ecluction ind ·m.orta:rrty" 1-due to 
· ,.. ··:. :m~~,;µetoe had .resiu~·ed tihe mevchcmtab:lEf volume to zer'o •. ,. (:liawks-

worth and Hinds RM). · · '· - ·, : · · 

· , L ;: .;' Data .. from a 1/50-ao·re:, ;temporary plot in a 60-year:.:old ' ·s-t~nd -are 
. ·. ,._.·· .• t3ummp,rized in the ... :PJ'M. 196O·,Annual ·. Report . Both average '· niimber of 

· . infect .ions per •:tree -.and p:ermfot.age o.f trees inf ected ·inc'r·ea sed more 
-: j : (r .apj,.dly in the :1ar ger· , trees.,;;.; th ose ordinarily · con st ifait ~~~'.'the fu-

:7., . ·. :· t~re . e~op. ·· .Ad.ditional ·plots are planne _d . (Childs.; PNW)·< 
r , ·.• , ·.· : : . ,, -·1,.·· :' ·: i. . · ;,, . · : · 

II. Biological and Chemical Contro.L . . :··:·: .·• · •. ·· ·· · · · ··--

s.::, ]9:•'."::Gr,e.emhou~e ·j;ri,als , ,h~v,e-,p:ro:vlded ' 4q;i:tomisin"g: s·erecti Ve hB):'bicil:l.es ,~G'/j·.,:. (2° .: eac~ . .for ,,,ponderosa pin e .! and . Dchigla.s-·fir} for' fieid ·:~es 'ting. · · 
•:·) .·· ,: ' ;f j Dormant ., and '·•.l?-te :-,§UI!liller · field. ,appl.ica tions '·were made· 'to the tree 

boie ·a~d :foliage:, 1and .,to , mistletoe shoots ,. on· pohderosa pine and to 
the bole and foliage of Douglas-fir~ . Systemic properties .were 

. deroonstr-at@d._ ~ri.·D.ou·glas-;-fi:ri ,., but ,•notin : pine. '· :nesults '.;-66 · date in 
·'-' ... ,, ., gr~eilh.01:1_s·e , a,qdA 'ield .indicate: :these : materials ·· have · ddn~ider able 

, .. p,r.omise. ,(l:lh'ea, anq .Rediske, Weyerhaeuser· ·co~ ) · •_, ·:,·.,: : · 
·1" _. ·••. ·· . ·, .~::.:.·i·.·~:<\=·-- : ::::.:~·1:_ .: ·::·:. ', ~. :·. • . . ~.!~.:• .. ·.\ :=! •• ~-· :;~ ::;_ .. •· •• ~)· . ~-: 1• · 1. 

:. °Q.~-.. -, iTh.-e, ;-W-59 h~rt>ictct:e:::te-sts on ·:;q.war.fmistl:eto .e ir i"'Ca'.lif otriia look much 
. -~.;·.~the .. same asc:,t,n~y , -did .a ·-year ,:ago.,;· .. :,(See Eighth Pr6 ·c,efe:dings / ).960, 

·r".:· 
:· .· .. :·.P•-·,96). Many o.f .J;IJ.e . . sp$,yed d#arfil1.ist"letoe piant' ~ _are · stiil II dead 11• 

c- ·.''._. ... Very .few tr ~~/3',We!!e,;'killed:; ,but .t'ew.,· if any, siiabfe ' treel were 
,cleaned of all dwarfmistlettoe, withO"ut severe damiig~· tci' ·the J:,rees • 

. ::. ,,_.,. (Quick, PSW) • . . , .. >· ., :.··, r .·f, :i 't·· · : ·'.·.;·\\ .. :: 
·lv ···· , ... . ·· .· . • · . . · ·:" ··.i•: ·' c·., .. ·. . ,·· .. ·c •. :.·.o~nceni;,rations o.(. ·herbicides , im ·"th~f 1960 t ·es ·ts {10.o'··t'e"!i~t~ / ~93 trees) 
--··· ... ,."·• .. •:: in_ •g~;peral were .•inq.reas ,ed. ·-, .. (None ··of the 1959 test'~ ·:.wefe 3·'rip-;tably 

~- · . c. -., _ _'. 9'WP~;:;s.ful as .syst .em:'i9 ·treatments} ... , A good m~ny o-:t·. ·tpe :•;.tre~s treated 
, : r in .}~9-60 Jter~ ,d~ag~d -, or.;. kille.d. c' .. I.t now appeai's that tg_i/ tna-rgin of 

• h !. . • ~~f~J,y: pet':l'een ·: ·q~~ttuc tion •cff ··the pa'rasi te '··~nd · ·sey~f~ .~'#rriag~ to 
the host (pines and firs) is toG>:,narr t>"w;· •in •th-e ca."se ot-"'b'asal-stem 
treatment with the 2 ,4-phenoxy compounds, ·to be usable. The same 

" ·&PP.~.ars to -.l:>e .. t,;rµe:; a;J..so:of.:·MGPA.,·,.:,(Quick, P.SW) ,..;<,.,,, ·:?··· 
··-r:v .··: f ..... ... ---~·:·· t=-;·. ~·:· . ·.t :: f~ . : .-.. ·.• :·.· :·:_.i,·_;:::·· ·::·_. : =< ."·.::: .•::· . . ::c1:: .• .. 

~./;.,)~ ~~~;i:~;~.;3·9 ;:tei,i',ts ·;.(496} .tr.e~s were ·; ini tiat _ed ~w'i.fi\ ~,~· ;J~tiety of 
herbicidal chemicals •• :.Tests with ,2,4,5-TA:~ 2',iU,$/-'TP; .and 2,4,5-
TB were emphasi~ed. The diluent carrier in most cases w~ stove 

:_.1._. ,-,~,oil; .;i,~.,qpe ,•se.~·;ot, t~sts :,it ·.!was:;:water ; ·with ·~ added ·'igficul,tural · 
V . :>:·.;sp]:'.ay::.oii~ . Soll)~ 9f each ·:~e~t bat .ch was'.:sprayed' dir ~_ctiy oij-" dwarf-
r···.a· ... mis;ti ~to~ -.P.1.ants; ,, si,nd ,jsom~· was used as basal-stetit ··spfay ·o"f' infested 

.. t ·rees .~.: .Oni test, ,,13,re~:.•-e9,ch,:was .. l ocated t.:on _.:the/ Si ~rrc t' Nationa l 
For~st"~ the Stanislaus National Forest, and the Lassen National 

... Forest .• ;,.{ Quick, PSW) . . . . . 

( ·- . .·; .. .-~,~ -~.::. t 
e; .:s . ·. Widesj'.i'~eaa ··aying of the dwarfmistletoe on digger pine on M( Di 

ablo State Park, California, was notic ed in the swnmer of .1961. 
Bl.l-ds amil. shoo;t s in all stagesf· ·f · de.velopmen:t::"1ere ·_'ki ':fae'~:~ . Exten-
s~ve necrosis . ~of th e endophyt :•system was observed in so'nie in-;. ;: . ;··t= • . : -~:-~:·c · ,•· ,.::! ... :_.., .. ·y•·:;_.,s. .. ·, 
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fections. No apparent damage of the host . tissue was observed. 
Pronounced resin flow generally occurred from arouiid the base of 
the shoots of the parasite. Infected dwarfmistl~toe plants will 
be · checked for recovery. No causal organism has been associated 

· with the disease. Symptoms suggest it may be caused by a fungus 
similar to that which causes the resin disease of A. americanum, 
(Scharpf, PSW, and Parmeter, UC, Berkeley) 

f. Lodgepole pines infected with Arceuthobium americanum were treated 
(stem injections) with antifungal antibiotics. No results at this 
time. (Mielke, INT). 

III. . Silvicultural Control. 

. a. · Re-examinations of silvicultural control plots reported in 1957 
have shown gradual reduction in stem and branch infections follow-
ing yearly treatments. Some latent infections have appea:red4 
YE!ars after treatment. Three-year diameter increment on ,thinned 
andt;reated plots has been over twice as great as that of trees 

. in unthinned -. check plots ( Shea, Weyerhaeuser). 

IV. Host- Parasite R,ela.tions. 

· a. The study of the effects of dwarmistletoe on the water · economy of 
western hemlock was completed • . No significant defferences were 
foul\d either between samples with or without aerial plants, _or 
between samples taken from branches above and.below · the 'infections. 

· Dwarfmistletoe did not affect .the ; water econoniy of those portions 
of branche ·s that had not been invaded by the ertdciphytic system. 
The relative turgidities .of bark within the swollen port:fon of: •.-. 
infected bra,nches showed significant variation. "Th1:nnoisture con-

, tent of the bark was higher at both tips of the swellings .· than in 
the bark of -the uninvaded portions of ·each branch. · 'The moisture 
content was lowest -in · the middle of the infected area ~hich is the 
oldest infected por ,tion of the swelling. A smiliar pattern was 
found on young (8 ,years-old) and old (1.5 years'-old) branch infections ,Y, 
al~h~ugh the - turgidity values. of _y'oun~ infec~io~s we~Ei'above the '"7f>' 
critical 80 . pe:r cent. According to Bier's fl.nd1.ngey thes$ _'results • 1,.-
indicate _ t,11at branches with older infections would be more pre- ;.f"" 

. . .-dispos~cl. to fungus infections that ,brartches with /ourtg ' :i.1;1-fections. , 
(B{lranyay, Calgary) e .,,;. , 

b. Canker dissection studies on red firs and white firs indicated that 
.qankers were quite variable. : Those cankers that ·deveidped on 

s-111p,ll branchlets remained 11midgets 11 that seldom attained an inch in 
·length. Such cankers were never found with more than a few fruits. 

·· Thus these "midget" cankers appeared to contribute Httle to either 
damage or spread • . Larger cankers developed on main branch axes 
or on the bole • . These cankers supported large clumps of fruiting 
shoots. Preliminary observations suggested that long-lived cankers 
developed near branch bases after branches were seve ·ral years old. 
(Parmeter, Univ. of'. Calif., Berkeley, and Scharpf,PSW). ·,,., 
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c,. T.uo c11lat.:iou s ·b1cli. e .,9 c-,>n.fir111ed the existance of two forms on fir; 
one restricted to red fir and one to white fir~ Preliminary ob-
servations suggest that the form ·attacking ponderosa pine is 
distinct from that attacking digger pine. (Parmeter, Univ. of 
Calif., Berkeley, and Scharpf, PSW). . 

d. · A study of the extension of the endophytic system of the dwarf-
mistletoes on digger pine has shown that: (1) the longitudinal 
extension of the system can be determined quite accurately by 
measuring the length of branch swelling; . (2) the system extends 
about the same in both directions; (3) annual extension varied 
considerably among infections; (4) the systems showed nearly the 
same amount of extension during the dormant season (October-March) 
as they did during the period of active host growth (April~Septem-
ber). (Scharpf, PSW, and Parmeter, Univ. of California, Berkeley) 

e- . · Results of seeding tests made in 1935 with Arceuthobium campy-
lopqdum on ponderosa and Jeffrey pine in northern California have 
recently been compiled and analyzed. No direct relationship was 
found between the amount of estimated light received and the growth 
vigor of shoots of dwarfmistletoe on ponderosa pine nor between 
light received and the establishment of new in.f'ections of the 
parasite. The results suggest that the effects of light on dwarf-

. mistletoe need ·reassessment. (Wagener, PSW)e 
. . 

·The results of translocation studies . of natural substances may be 
. . sUl'llinarized as follows: .(l} labeled materials did not transloca te 
into =inf.ected branches (except at the commencement of gr 6wth in the 
la~e spring), unless the fir needles were first removed from the 

· __ portion , of the 11tramilocate 11:; went into the mistletoe. (2) Cover-
~ng the aerial system wi_th aluminum· foi'l or removing it entirely 
did riot influence the translocation of materials into the endophytic 
system • . (3) Although the intensity of .transiocation varied at 
different times of the year, the pattern was not markedly different. 

· T~e :' endophytic system was a '.' sink 11 at , a:11 • times, while the aerial 
· system of the mistletoe was a strong I sink only during the active 

growing season (June and August treatm ents) and not during Octo-
b(;l:r, January, and May. (4) The mistlet oe was a sank even when the 
fir ·branch was detached from . the host or :•if . it was girdled. The 
results as explai~ed were obtained from autoradiographs. However, 
actual.activity in various sections have been determined and 
support ail conclusions drawn from the autoradiographs. 

. . , 
:j:ndividual shoots of the dwarfmistletoe were found to carry on 
photosynthesis. Carbon fixation was 4 to 20 times greater in the 
light than it was in the dark . However, food manufacture by the 
mistletoe represents only a very small part of its need, or use. 
-

The above results were obtained with the dwarfmistletoe (Arceutho-
bium carnpylopodum) on white fir (Abies concolor) on an Experimental 
· Forest of the Pacific Southwest Forest and Range Experim~nt Sta-
tion, Strawberry, Tuolumne County, Californ i a. The work has been 
expanded to include a survey of transloc ati on rel ationships on 

; 



several other species of co~ifers having ~the same species of 
dwarfmistletoe; also, A. americanum on lodgepole pine, to have a 
comparison of this work with .' that which has already been con-
ducted by·., Dr. Shea and Dr. Rediske,· conducted under controlled 
conditions. Further, several species of Phorodendron have been 
studied growing on conifers and walnut and oak . No results on · ··· 
these other species are available at present, except for the 
results appreciable transfer of food .materials between host and 

. parasite in this case; this is in marked contirast with the re-
sults with Arceuthobium. Whether this observation will be support-
ed by the other work remains to be determined • . (0. A. Leonard, 
R. J. Hull and c. G. Greenham, Botany Dept., Univ., Calif., Davis). 

A few preliminary analyses of data,from the impact study were made. 
Results to date suggest that mistletoe doesn 1t have much .effect 
in densely overstocked stands, probably because competition does 
not permit mistletoe to assert and effect. Additional permanent 
plots toyield data on mistletoe .effects on growth are c9ntinuing 
to be established. . (Childs..:PNW). . . . 

. . 

Results on the .mature-stanp. study ar~ summarized in the PNW 1960 
. annual report. Mortality is greatly increased by.moderate to 
severe infections. Uninfected trees on infected plots were the 
same height as trees oft11esame .diameter on uninfected plots, but 
were highly significantly' .taller ·than their infected neighbors. 
( Childs-PNW). 

V~ Life History, · Taxonomy, and MorphOlogy • 

. a. Removal of germinated seeds of the· re<:i fi:r form of. dwarfmistle-
·toe from host branches at regular intervals showed that infection 
may take place as early as August of the year following seed dis-
persal, or approximately 6 months after germinations. 'rhese tes ,ts , 
were repeated in the greenhouse with the dwarfmistletoe on .. digger 
pine. Similiar results were: obtained. (Scharpf, PSW, and Parmeter, 1 
Univ. of Calif. , Berkeley) • ,w•f: 

b, Field observations have shown that the period ··and duration of r 1r:.,..., 
flowering and seed dispersal vary considerably among the several t.(~ 
forms of ~- campylopodum. The high altitude ~orms are the first · '~ 
to flower and disseminate seed but are shorter in the duration of ~; 
these processes. Low altitude forms have a longer growing seasoz:i: · 
and have a later and longer period of ' flowering and s ~ed dis-
charge. Due to the different periods of flowering, it is possi-
ble that cross pollination may not occur among most forms of A. f 
ca~)ylopodum. (Scharpf:, PSW, and Parmeter, Univ. of Calif., Berke-
ley • · · 

c. Studies were completed on the relation of dwarfmistletoe to the 
xylem tissue of conifer's including (1) the anatomy of par-asite 
sinkers and their connection with host xylem and (2) the effect 
of the parasite on the xylem anatomy of the host. Cbanges in the 
xylem anatomy induced by dwarfmistletoe infection were studied in 
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seven coniferous species of California. (Srivastava and E)sau, 
Univ. of Caiif., ·Davis)~ 

Needed Research and Studies not yet Reported on. 

I. Intensification ·and spread: 

a. Possible use of aerial photography in detecting lodgepole pine 
dwarfmistletoe. 

· objectives: (1) to explore whether aerial photography will enable 
the detection of infected areas, define the limits of infected 
areas and differentiate Qetween different degrees of dunage. (2) to 
explore the suitable scale _at which to take photograph~ and type 
of film •. 

Literature references indicate that air photos . _taken to -proper 
specifications and at suitable times of the year will permit -the 
differentiation of diseased and healthy trees or group of trees. 
To aid in the development of techniques for taking such photographs, 
it is possible that.spectrophotometric analyses of light reflection 
from specimens of diseased and healthy trees would prove useful in 
predicting the photographic · tones or colour that would have to be 
registered. (Baranyay, Calgary). 

b. A plot study of the effects of various degrees of dwarfmistletoe 
eradication combined with various degrees of silvicultural thinntngs 
on the intensification, spread, and adverse tree growth impact in 
a mixed stand of western larch, Douglas-fir, and lod gepole pine is 
in the planning stage. Study will be established in June-July, 
1962. (Wicker, INT). 

II. · · Biol ogical and chemical control. 
· ( no reports). 

III. Silvicultural Control 
( no reports) • 

IV. Host-Parasite Relations 
( no reports). 

V. Life History, Taxonomy, and Morphology. , 
a. Research is needed to establish the influence of envircnrnental t 

factors on seed development of A. americanum. Field observations 
in Alberta indicate large variations in the number of mature seed 
produced in different areas. (Nighswander, Calgary). 

b. ·we are concerned at the moment mainly with obtaining suitable col-
lections and developing techniques for future cytological studies. 
One' of the initial proolems that has arisen has been contamination 
in germinating seed. This has been largely overcome in initial 
tests through the use of 0.5 and 1.0 per cent Orthocide captan 
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and with Ceresan. The procedure has been to soak the seed in dis-
tilled water for one hour, followed by immersion in the fungicide 
for one hour, followed by a rinse in.distilled water forfive minutes, 
and followed by planting in PDA at normal room temperatures. Fur-
ther tests are planned this fall. (Foster, Vicotria). 
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