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FOREWARD 

The Eighth Western International Forest Disease Work Conference 
was held at Centralia, Washington from November 29 to December 
2, 1960. Fifty-eight members and 7 guests attended. The 
attendance was the highest fcir any work conference to date, and 
greatly exceeded the previous high of 40 members at the Fifth 
Conference (19.57) in Salem, Oregon. · 

The · theme of the Eighth Conference was 11Problems and Possi-
bili ties,_11 Three topics under this general heading were ably 
discussed by four panels. 

The highlight of the meeting was on November 30, when J . E. 
Bier, on behalf of conference members, presented _a portable 
rostrum and gavel · to Mrs. Kirstine Buckland in memorium of 
Donald C. Buc.kland. Mrs. Buckland ·thanked the conference and 
turned the . rostrum and gavel over to Chairman Art .Parker. 
These will be brought to all future meetings of our conference, 
and will be a continuing inspiration of the thoughts and ideals 
of Don Buckland. 
The annual banquet was held on November 31 in the Lewis and 
Clark Hotel. · Dr. Vidar Nordin was the after dinner speaker 
and entertained everyone with an interesting illustrated talk 
on his "European Impressions, ii particularly in reference to 
poplar growing and other popular activities in Italy. 

On December 1 trips were made to the Weyerhaeuser Company's 
Forestry Research Center at Centralia and to the large saw ... 
mill, plywood plant, and pulp mill complex of the Weyerhaeuser 
Company at Longview, Washington. _ · 

At the opening session, Robert McMinn was appointed interim 
program chairman. Bob canvassed the members during the con-
ference and at the final business meeting presented a report 
on proposed guidelines for future meetings (see Appendix y_). 
This information will be extremely useful to those concerned 

. with planning future meetings. , 

Executive Committee 

A. K. Parker, Chairman 
F. G. Hawksworth, Secretary-Treasurer 

I 
.. 

Program Connnittee 

R. V. Bega 
J. W. Roff 
K. R. Shea .,.-
J. R. Parmeter, Jr., 

Chairm;m 
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CHAIRMAN1 S WELCOl':IB 

Fellow members and guests, I take great pleasure in welcoming 

you to our Eighth Western International Forest Disease Work 

Conference. As in the past ·, the program prepared for us this 

year provid~s a hub · of semi-formality around whiqh ~ree _.and 

informal discussion revolves. Your program _committe e , consist• 

.ing of J. R. Parmeter, .Tr~ as chairman, K. ·R. _Shea 1··.J._·w. Roff 

and R. V. Bega, . have fol.!USer _.aur attention . on three topics, two 

of which have received relatively lit.tle attention =~f previous 
. . . , .. - . . 

. . '{ 

conferences and frequently }n research programs; rjamely, spo-

radic disease outbreaks i~ \/o ung stands, · and nursery and 

transplant disease .problems~ The third topic, . covered .by two 

p~els' the deterioration of dead and felled . timber an:d tinb er 
products, is one you haye req~~s~E3d on several occasions .i~ 

·' 
Because the ~eakers are expected to raise mor,e 

i. ;questions ~han they answer we may WE3ll call the theme of this 

, conference ·"Problems and Possibilities. 11 Although yqur. pr~gram 

c·oinnii ttee and panelists have put a great deal of thought and 

···effort into providing the hub of B~nµ)itorrnalitY: _ :tor --~J~ .the: . 
- i :· ;'_ a ·-

. ·. success -of ·the · conference as .a whole deperids on your active · 

part,icipation . in the disc:;:uii•sion ·s • . 

: · ·y , 

: ·• · 

... 1 -

,, 

, . 

A. K. Par ker 
Confer ence Chairman 
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PANEL I. SPORADIC DISEASE OUTBREAKS IN YOUNG STANDS 
' John R. Parmeter, Jr.~ Moderator 

.. ,, ,·_· 
SPORADIC D~SEAS_}!: OUTBREAKS IN YOUNG STANil> 

• ~: -~ 0:.\ '-:-, . .• • • \· : 

•::i : • • :::· .1=:::·.·, 
John R. _Par.meter, Jr. ", : -~ 

The iitti tudes 1 and corfoerris .:bf .foi·est~rs have changed ' gre~tly 'iri the 
past few years~ Old-growth orientation ha~ given :t-J'cl.Y rq.pidly 1,0 

; second .:.:.growtr i .. orientation • . Each year large numbers . of small land-
owners are .investing in forest enterprises, especially in .,Chri .s.tmas 

,tr~ei"' productio:n ·!and in 'small tree farms, Increase d ·1arid values . 
and increased operating .costs necessitate placirig .an ever greater 
pr7emiutn ·oh maxinniin·utilf .zat:i:"on or' land ·and the crop '{t ·support ·s. 
These developments make it increasingly important that . each /3.cre 
of · forest · land suppd:rt as ri·ear ··to the optimum numbe':r. of' trees as 
is possible and that each ·tree be as near to the mrud,.mum quality 
as ••is possible. Di's-eases ' tha:t/ reduce either the number ·o·r th ·e 
quality of trees in yo_unf?; . stands increase in importanoe. p.ccorct.tngly. 

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

We can anticipate many .of the disease problems that wili . affect 
young· starids '•ln ··a ·given area. White pine blister rust ,"dwarf mistle-
toes, many root . diseases, . and similar "perennial"-. disease .pr _oblems 
ofte ·n o·ccur with ·pre .dictable regularity and predictable cons 'equences, 
Growers can, therefore, be prepared to undertake . control or to_ sus-
tain calculated losses from such diseases. Many'other disease 
problems are at present unpredictable. The C~istmas tree grower 
who tends his plantation for t.en years and then · suddenly finds most 
of his trees rendered unsa,leable by a canker or ne~dle .d;i,sease sus-
tafrts a loss he cannot anticipate. The timber grop er . who manages a 
well-stocked s:t,and for 40 years and then suddenly loses m~~'lY ~r .ees 
tlf -a;:o disease that he did not know existed is understandably' . dlsturbed 
Such unpredictable, sporadic disease outbreaks can be . very : .s,e,rious. 

' ·• .,. . , • • • • I • .. . :• 

The line that divides those diseases 'that occur regularly from .. those 
disea ·se 's that occur spci-radically is difficult 't'o distin ~uish • . . ·rt 

, 

is like;l..y that all dise _ases fluctuate in intensity_ .. from . y~ar ,to year. * 
In adcB:tio:h / iia:mage from . a given disease may b e usual in one region 
and extremely rare in another. We can rec::ognize in a, gen,era;L.;~~Y, 
however, those diseases that occur at such infrequent intervals as 
to be unpredictable. It is with these diseases and the damage they 
cause that we are concerned this afternoon. 

Damage resulting from· sporadic disease outbreaks varies according 
to the intertde ·d i:is·e ·of the crop ~pd,- ~ ·'"t,_f'.\~ilWe of disease. In 
general, Christmas trees are,•O _t i;.abl~ to i!amage,_ since any 
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e~ensive . loss of needles, branch dieback, or deformation of the 
crown may render trees unsaleable temporarily or permanently. · 
Diseases which kill trees or deform the main stem may be equally 
serious in Christmas tree or timber ·stands; We have .little 
inf _o_rm~_ti,.9p_ ,a,s. to. the .. magnitude . of such losses in the West. This 
is information that I think we should have. 

We need also to know something about the occurrence of these 
diseases. We often accept as a fact that a given disease occurs 
dur in g drought years, and yet we find that it does not occur 
during all drought years . We may accept as a fact that another 
disease occurs during years of exceptional rainfall, and yet we 
find that it does not occur during all such 11wet 11 years. Why do 
these diseases ,show up only duri_ng some "wet" or ''dry" years but 

· not during others? Our inab ility to predict such outbreaks 
points to defici ,encies in our pr .esent · knowledge of epidemiology. 
Elimination of these deficiencies might provide a basis for re-
ducing losses from sporadic diseases. 

It seems to me that control of sporadic diseases depends i n large 
part on our ability to ant icip ate disease outbreaks. Yearly pro-
tective treatment of Christmas tree,:vr timber stands is clearly 
impractical. Protection might be quite practical, ·however, if 
the treatment were restricted to those years in which outbreaks 
were imminent. Success would depend on the accuracy .-wit .h which 
outbreaks could . be predicted. · . 

These problems and their poss1ble solution bring up several 
questions worth discussing: 

l. · What are the major sporadic <ii:seases of young ,st~n~s in the 
We.st? ,_.,~--_; ,. :~_-. -~_-. :,_:-~ '; .; .· ,~'.'.· · .. _-~'•'•··· .. ·: ·' ·:: .. · . . ::· -. ··; .. :--, • - ,!, 
What is the i~pact of these diseases ~n forest productivity: ,, I 2. - ·, ' 1,-:,.,,.,, 
Are these diseases receiving adequate attention? r.L 3. 

4. 

s. 

If increased attention is advisable, what di~ection should 
it take ·? 

,, 
Is control of these diseases practical, and if so, is it 
justifiable? 

6. If control ·is justifiable, what are the control possibili~ 
ties and how should they be . explored? 

Our panel of experts has been brought together to discuss some 
of these problems in various regions qf the West. Alex Molnar 
will discuss first some general aspects of sporadic diseases. 
Gardner Shaw will follow with a detailed discussion of two 

I 
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specific disease problems, and Willis Wagener will complete the 
panel with a discussion of examples of sp9radic disease ·outbreaks 
and factors as:sc>ciated with these .ou:tbr~aks. 

~--- -~~ -- .;,..,._,_..,..,.,.~a.JI-~- .. ---..,;. ~~---""""~--- - ----------------------~------ ·-----

I :_1 

' . . :~: 

SPORADIC DISEASE~ IN YOUNG STANDS OF BRITISH COLUMBIA 

.A-. C. Molnar · 

. : ·. Iri . ·c;onsideririg ~sp·oradic ·: <4.se~ses, rather than providing a list for 
,_,: aritish · Colurilbia_;. with annotation of their importance ·and .what we 
> ~ow ·about them -\;iie iist would be long, the annotations . skimpy -

I decided to make a 'rather ' generalized evaluation of how we stand 
. v:.with them. In do:trig so .r .J/ould like to consider them in two groups: 
.-1•those which we readily recognize as primary agents (Group I) . and · 

those which are secondary ·agents requiring host weakening (Group II). · 

t 

Group I 

Ao, ·• Characteristics ,:, . 

1. Oblig'ate p·ar&#tes or those .sufficiently aggressive that 
host symptoms are marked and generally specific. 

2. The symptoms and signs add up to the identity of the · 
causal agerit, generally. -:i 

3. The factors promoting outbreak lev~ls of infection do 
,iot ucliid.e host weakening u t.~· Jriajor it•,. II01'e a• . 
pol'taat ,... weather taotor, (miCJ'o-and miero-cliuta), 
alternate host status, stand co~cii~ions as they affect 
weather factors, and stand comp·osition. Host weakening 
is not excluded, of course. 

To satisfy a craving for lists I submit a brief list of diseases 
or :.,types 'of 'diseases 'which would fit in this group. 

·I".· 

Native blister rusts 

Foliage rusts 

.. Dotiglas fir needle blight (filla'clgpclin~) 

Yellow pin~ neecp.e bli ght 
·. •_r~--i:.-. _;_ .. _ G .:!.· . :- . . 

· Other •Hyp~derinataceous needle casts · 
•.•. . 1~ • •. :-.-.... - ,• . \ ." 

I. 
cu 4 l' ft 

• ' ·-·'··· 

·. 1.·.•. 

,, 
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There are others but these a~e perhaps -our more important groups. 

In considering where we stand in regard to understanding our spo-
radic diseases I would like to examine Group I briefly under the 
following headings: detection, damage appraisal, life history, 
infection and epidemi ology, and control. 

·Detection (Mycology, symptomatology, pathogenicity) 

We are in a fairly good position on this phase. Most of the 
diseases in Group I have been studied in some detail; their nomen~ 
clature has been clarified, they have bean adequately describe _d"; 
pathogenicity tests have been · r eport ed and confirmed • . We have·. 
accumulated considerable information on t.heir geographical dis-
tribution. 

, Darn.age appraisal 

We recognize at least our currently . impcrta .nt and -damaging diseases 
by their signs and symptoms. We know h0w much damage some can 
cause at ·1east on the ·individual tree and individual acre and with 
reference to particular products. But there ·are still many ques-
tions and requirements. 

1. Just how damaging are our foliage diseases ·in terms -· of 
increment.loss, and predisposition to secondaries? 

2. Beyond total enumeration how can we estimate losses at 
reasonable --cost •in tim~ and :money? 

3. 
4. 

What are the effects of _broom rusts; can we ignore them? 

Etc. · 

Life history · 

With a few gaps, the life histories of most are quite well unde;rJ 
stood. -Exceptions will no doubt come· to mind. 

Infection and epidemiology , 
Her.e WE! come upon rockier ground. In general terms, we under~ -.·. 
stand the factors governing spore dispersal and infectibn. Details 
have been worked out for a few diseases . The factors controlling 
epiphytotic infections are less well defined, however. 

Questions 

,. 

1. What are the conditions fo ::.· successful spore dispersal 
and infection? 

I. 
- 5 -
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2. We have a . go9d idea, particularly with foliage diseases,' 
that micro-c'iimate is critical. But we have little con-
trol, . as yElt,, over westther. · What:_ about stand factors, 
how: dc, -they a.ff ect micro~Glimate.? · 

. ·~: 1 . .:. . . . . 
. 'I 

Control · 

Nothing is being done to control sporadic diseases in British Colum~ 
bia at present. 

I have seiected one exa.mpl.e of . a S.P.9.~dic disease in Group ·r on .. 
which ':•s-0me. :r'b,search pr<;>gre'ss ', pas . p:een .,made, · and which even . at our ' 
present ·.Jever · of ' inanag~ment . holds som~ promise for control. I 
have tb '~aqmit i _t .-·:ts a: ·spE;icial -pase ·but others will, in time, fall . ,, 
:i,nto ~hii ~ategdfy. · · · .. · · ·' · 

A. Detection 

1. Where do we stand ,, . . 
~~:i_ .... ; .. i.-.·_. ~-,; _. ~:-,.· 'j t ., 

,;!!lhe. dl~ease ' .has. J.?:een ;de~~~ie{; ;:,d~scribed and the 
'. :. _.i 'cil~tu'r'e · cliirifie'd; , .. Thi~ .:aspect · is under control. . ·;: -~: ~I.: ·· _-... i .- .'. . t ··· • . . , . 

B. Dama~e appraisal 

nomen-

In terms of :Chr~~~i\i~{ tf :~~ p,i¥Jage1T1.~nt the basic information for 
damage survey 'i 's av&ilable: Sampling studies have not been carried 
out in the Int~rior ~_.P.1lt i~ .. ~s likely that sequential sal!lpling can 
be vsect ·.-· ;-Damage can be · pre :dic'):ied for a year ahead, which may prove 
extremely important for control of this disease . 

. . .. . . 

In terms ·· of stands . btb~r th~n. Christmas trees the picture is less 
.. clear. In recent years it has come to our attention that pole-
sized stands in the Kootenays may suffer sev ere defoliation from 
~~ocline. Appraisal on material of this size is mpch more 
difficult. Many questions require clarification : 

1. :. ,.:What are the effe cts of defoliation in terms of incre:U 
ment loss and how does this loss rEllate to the degree 

·\.: 

'! ::: . : . 

of defoliation . • , . - .. ·-··- -·-, 
2. Perhaps even more important is the impact of defolia- . :· 

•tion as it .aj.'!e.c~s host vigor. -
:~;i(:~' . • ...... :· ,: .· 

·· .\ ·. , i : 

. :;;:;:. 

. · .'::..1:: 
·',,: a. · Does it ':,<~qrilmonly result in dire ct mortality? 

b. Predispose trees to seco ndari es? • ,l _ : • •• :=-:.~ , .. 

c. And. conversely are low vigor trees in the stand more· 
... _. susceptible to in fection by Rha]?.9.o~line than ·high 

vigor trees? 

I 
- 6 .. 
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_c> Life history 

The life history of Rhabdociine :appears to be ·well 
with perhaps the exception of its _developme.!!t within the host 
needles. 

·1. Is tlier~ delayed _development to carry _symptoms and . 
fructification ··over to ·older needles? 

2, Is there sufficient carry-over to carry appreciable 
inoculum ove:r from a poor to a good year? 

D. Infection and epidemiology 
.. 

·some hearten:i,ng progress has been made _oh .. t _his phase . of studies on 
· Rhabdocline ·. :,::-::·· . 

. r • . •.. ; 

1. The requirements for dispersal of' the bul~ of the spores 
during maturation of apothecia i_s a perioq. of 48 to 96 . 

.-.: ·hours at too% humidi _ty. · ·.:·'.: . . . ·_· ': .. _· . .. 
. : ;-, . . ... . 

··:- -·, 

2. It seems probable these conditions also provide suitable 
environment for infection but this still remains to be 
proved. 

•.:3 • . Outbi°eak 1eyils- of i:lfection dep~~d on adequate in9culu~ 
(a-'·suf°ficient number of ma;ture ap'6thecia) niatur.ing . during 

· a peri"od of suitable conditions ·. f dr dispersal and inf'ec~ 
.. -~,::. ·,. 

tion. Thus, outbreak levE!_ls W:()U_~d not be· expected to 
,. . .. follow _a single year favoring · sp'dre dispersal and infec-

•.·. ·,;: · tion; ·:f\:>r··inoctilum ·would have to build up._ . 
There are still questions awaiting answers: - . 

·· ' · L ·· ,-coriditI 'ons for infection require to ·be po.sitively defined. 

2. Phenological developmei:it of the host in relation to : in-
·, ·'· .... fection. ·· ··:r believ-E3 ··Dr. Parker has made some prbgress on 

. this · aspect" . of ·the 'pfobiehl. 

··' '.:, J. ' Are there resistant ·:· ~tr _ai _n·s, and if so, · what _ is the ' nature 
· - of ·resistance? · Can this be used fo:r ·.control. With 

-:_ -Christmas t,ree st-"ock there _may"~e · s9~pe f6:r stand ;manipu-
lation { 

E. Control · ' 
,•, ·· .. 

Nothing . posi~ive · c::i:m h~_ 'rE;lpo:rte<?-co~cern°:ing · contro;l, but 
pects are · reasoriably -~rig'nt/ The industry seems willing 

·7 -

,,. 

·"' 

th ,e pros.;. 
and anxious 

f' 

.. 



t 

to spend mo,110y oi:1 .control .and since outbreak years qan be predicted 
direct cohti•61 holds some possibilities. Acti-dione is currently 
being tested and inevitably will bring forth further questions • . . 
Other fungicides and antibiotics may be worth testing/:. Seime or' the 
questions 9oncerning acti-di'?ne may be: 

. • • I • • 

. L Does it prevent infection? 

2.. Will :i,:i; arrest or prevent devE3lopment of existing . infec -
~ion ancfthv~ prevent the development of symptoms? That 
is, would it-be worth spraying once infection has taken 
plaqe? · 

J. Wnat are the possibilities of applicatj_on to older stands 
under sawlog management? 

·. ',>, .4 •. . Not all:S.tands appear to be equally ::usceptible to in,+'ep-
tion oi• at least to outbreak build up . What :i,s the .effect 
of stand form? "' compocit:Lon? - topography? •cfan ~~:·t·fite 
stands . a.ocordin g to haz~.rd? :-: . . . ' . . . 

If we· answer all \h~se questions fo:r Rhabdocline :j._t seeins probable 
'that our progress on other similar diseaseswill be much easier • 

. , 

Group II 

F_rom. a research point of -,riew as well as from thEJ .. :y:iewpo;iht of con-
. ~rol, thq di,s~asos in Group II .a.re more troublesome _and I suppose 
1nore challengin.g. They have -the f ol lor"1ing char.acteri.sti.cs: .-.•. • .. . . -- . . . . . 

1/:'iThey: 'are facultative ·pa;i:asite~ ~d ordinari).;y quite weakly 
, •l •'so, · with theii symptoms ,often poor:i_.y de;fined, m,asked or 

confused, · · · · · · · ·· · 

2. Tho a s:::ociation of . Eligns (fr~ctificati~ns) a~d observed 
disea,se symptoms dq. ppt. necessarily add up .~9. c;~use of the 
condition • 

.Jo H_tj;;~~ 1i~akkni11p, or aG the least definite '_loo.al inj i ry is 
r equir ed for ::mcr,est~ful infection a:nd. ~ise;1se 1development. 

4,. . Ba.ca1,1se thece organisms and th eir symptoms often develop 
.£:n R.s.socfation with direct host injury, . it is difficult 

. . · anct· ··often imoos3ible to determine where dire~t ; injury 
· ieiv~s off ai1d the · dam3,ge CG.used by the organism starts. 

Nevertheless, few pathologists 1-rouJ.d dispute that a great, many . 
organisms recogniz.ed by these ch3..racteristics :ere extreiffely" damag-
ipg . tmder ~Q:ne, of'tim lit·Ue understood, conc1i'tiions ..• , W~<9aJ:1 point 

)6 many. ~fell.which would le/ us to j,elieve that , they , sha]l .,, , 

- 8 -
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become even more important with more stand manipulation and. in-
creasing reliance on artificial re~~~e~at~9n~ But we really 
don't lmow important, nor have :we a9-equa~_ely defined the 
conditions under which they become a ·.I?rob1em. 

Just a few examples: 

1. · Armillaria mellea and probably a number of other root rots. -: ... __... ___ . -.a-a--. . 

Ce:nangium., ferruginosum _ 

Pullularia puliui~bs 

My:x:osporium sp 

Phomopsis lokoyae · ·: ,.· · .,, . 

Stereum sanguinolentum 

. : .. . . ,.~ . ' ;,· 

.. :;:: . 

And probably a great many other fungi we have found associated 
with disease symptoms but for which we have not demonstrated 

._.Pa.:\q9g,e?icity. 

Hmt ·d.~ we stand with them research-wise? Obviously on pretty 
shaky ground. · 

_Detection 

The presence of . _a _great many we_ can recognize on the _basis of 
fructifications; whii~ many ot~ers we encounter only in the -form 
of cultural isoliit~s: 

Questions to resolve: 

1. Techniques of pathogenicity testing, particularly stand-
ard methods for different types of host wtakening. 

J 

2. Descriptions and keys for more rapid identification of 
cultures. 

3. Mycological studies particularly in the Fungi Imperfecti. 

Damage ap.P.~~l 

We can appraise damage on the basis of visible symptoms but we 
cannot assi gn cause with any degree of assurance. We are con-
stantly being forced back to first prineipals. Much more 
research needed on other , phai s first. 

··- 9 -
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Life n.i st ory ---.::----,--~~ ... - ~ -~ ·;-; • 

We understand man~1<iin general terms but : f~ . are clearly defined ·. We 
k..ri.aw their boats 'bY,association and f~~d 'truit' they are ·most commonly 
not host specific to add tci the complexity of the proble m. 

Infection and epidemiology 
_...o;·--- .... - ._. _._. _ _, .:-._ -. ..... ~-=- ~ . .e• _. ,r .- ~ :-

We ha,y,e , .a; t ong: ·way ·to 'go, However ~ Dr~ Bier 1s and Dr. ·Bloo mbe"rg's 
work on bark moisture conditions in relation to infection have . 
opened up at least one promitdng line of approach. But ·..; 

14 Are there ot her importa nt influences or types of frost · weak-
ening which mo,y be operative even when bark moisture 
relatiorn.; ar e fav orable. · 

2o Is host preclispositi611. the only condition cont:rolling ·epi-
phytotic build up, Can we assume that inoc ulum is always 
plentiful. What about microclimate ., Regardless of host 
weakening; may losses be reduced if .microclimatic _cond;i.tions 
do not favor infection? · 

Control :·.· · ;_ '·. · -; : : · :· 

· Despite the dearth of factual evidence on the behavior o'f organisms 
in this group and on thei!'. relatio11, _°tO. ._their host~, we qav:e -.some 
weapons for ·:t •heir ,:eorib~ol based. on ·their broad characteri,st-ics .• .. ~ :-
particular, the fact that they depend on host weakenipg or injury 
for successful invasion gives us a wec;pon for their control,. ~~J_y, . 
ma,int,ci,;i,,_n:lng stand high vigor a,nd k.!3ep~ inj\ll"Y to a m:i,.aj,Jnv1q. · 11n;.. ,. · 
fortunately, even under intensive and higb.ly t,n.(ormed forest ,,,,.·.· -
ma..-riag-ement , this •'ii:f ribt ~lways p'.oss;io.le for poor sites, wea,:ther ;.: 
injury, and, insect 1 dam.~ge,; zjnong other ·uncontr,0.;Ll~'ble .. f~~iiP:PS,.Jn.9-w, 
provide predi eposit.ion. It is necessary, therefore, to be prepared 
to devise methods for reducing losses if we cannot prevent predis~ 
position. · 

~4;:. :.·.~ 
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SPORADIC DISEASES IN YOUNG STANDS OF THE INLAND EMPIRE RfilION 

Charles Gardner Shaw and B. D. Thyr 

The symptoms of two serious foliage diseases, needle cast and 
blight of western white pine, in the InJ.and Empire have recently 
been described (1). Needle cast appears to be sporadic in its 
occu_rrence, while blight is chronic and endemic. 

The severity of needle cast appears to be correlated with the 
amount of precipitation occurring during the relatively sho:rt 
period in which the ·only spore stage produced by the needle cast 
fungus matures. In contrast, the fungus associated with blight 
produces spores throughout the year and no correlation between. 
environmental factors and the severity of the disease has been 

' noted. 

The hysterothecia of the needle cast fungus, gypodermella arcuata 
Darker, mature during July and August. The time apparently de~ 
pends to some extent on the locality and the site. · Examination 
of hys.terothecia in late June failed to give any indication that 
ascospore discharge had as yet occurred. Water mounts of 
hysterothecia collected between mid-July and mid-August charac-
teristically contained abundant ascospores free from the asci as 
well as many asci still containing ascospores. Similar mounts 
made from material collected in September disclosed very few 
ascospores ' and the asci still discernible were empty. During 
September and October the dead needles uponwwhich empty hyster-
othecia are present are cast. In severely infected stands the 
branch terminals have a 11lion ts tail 11. resulting from the contrast 
between the full complement of -current season's foliage at the 
branch terminal and the denudation of the remainder of the branch 
by the needle cast. Frequently the defoiiation is ,so severe that 
only the current season's needles remain in the upper crowns, In 
1959 some white pine stands showed evidence that severe casting 
of needles had occurred for three or more previous years. 

On the basis of the tremandous amount of inoculum obviously pre-
sent during the 1959 growing season, one might have felt ' safe in 
predicting a heavy infection again this year . Such did not prove . f' 
to be :the case. 

In some areas where needle cast was prevalent in 1959, it could 
not be found in 1960. In the Clarkia-Bovill and Headquarters 
areas of Idaho where the disease was severe in 1959, it was 
much less prevalent in 1960. While in 1959 whole stands 
a reddish-tan discoloration in the upper crowns, this year this 
discoloration was in most i nstances limited to individual trees 
or at most small groups of tr/s. Furthermore, the percentage 
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011 infegted, ·, .;:1e:ed.}.~s wa:5. obvious],y nmch re dc1ced . In 19.59 it . was not 
uncommon to find trees J the upper term::.nals o.f which harl almost 
100% of the current seasoJ:?,: s . nee~es _b;ro..r.::ied :3-nd bearing hyster-
othecia~ Examination this year of b1'anch terminals on some of the 
same trees examined in 1959 discl osed percentages of infection from 
as low as .. 2--J% .to .about JO%: but not higher • . : ,. . .. . . . . . . . .- . . . . . . ,, 
For an· -~xplana~i~n ,,o:f :t,his maiked decrease in the amount of j,n ..... . ·; 
fection in spite of ·tl)e largl:l amqunt -_of i nocul ·Jr,1 pr esent a year , . -> .. 
ago, climatological factors were consideNd " We have just started ·· 
to analyze -:-w~at,li-er.--d<L~a f_or I)qr:c.h- cerr~i.'a:1 Idah :J. The precipitation .. · •. 
records f.-o,r·.the ,:pas,-J:iJ·ou::..' .yea1~fl may p:~ovj_de a. partia l e:;cplanat,ion .·.:,_. 
for _fl:µoi;,u\3,ti9ns ;i.n :th(3 se '.v<,n::1,ty of -~p.e diseas,J . Fj_gur e l shows · 
that sc;iv~ra·l· showers :qoc:-µri-'cd--·o~t ·:-1een -Ju:i.y l0 and August 20 in ·. . :f!. 
1956, 19$7, and ).9$8,._ .. but . i:.hat : iii 1959 ·c.he:r-u w:1s e. p.1·olonged p~r1qd, _.. 
between :~July .-10 ~nd, .. ./ll:gu~t .·-19 _w:Lth cssent.:;.a ll y no pr e.:::ipita:t.io,n . . . 
This prolonggd dry spell in 19.59 ,::Qi::,dd'3d ·:·d.t:.-, the maturation of 
the ascospo,~es of the fungus , and p:.:·ohalf ,.·y p_·-eye::-itecl ·i:,hei r dissemi"' 
nation 11. , • .-• . • • • . . _. . . ··- ---···· ... --·- -• .:. ··- . ; (. I . • • ! 

•·:{·: .· ..:. . . ·. ' ::-. ; .: . . . 
The spri:Qg _ of .1959 was : ~oo:t and, as indicated by diract observatiop.s, 
the asci had no:t m~tur::id sufficiuntly -~o bf, r.3.1dy to d.i.scharge asco - : 
spores during the month ,o:t -June, ~vhen severaJ _ intermittent showers 
occurred. . - ,. :·,._ ,i'---' -... . 

. : . . . '.' 
An additional pqint , ()f in)port.ance i::a t hat the i;emperat.1res were 
extremely high durip_g the prolonged dry spell in June and July of 
1959, and . humiditieti , extremely lo ,,c. Hothing is known as yet .con .... _ 
cerning the maximum temperature that the fungus can E;Jndure~ 

The fungus consistently associated with needle bl:!-ght, tenta-
tively identified as a species of Le~o~tici_a, has a markedly 
diff _erent sequence of development ~rom gypod~:r~-E:l~ ~ata . The 
erumpent. stromata first appear ori the cn..scolored tips of needles 
11-13 :_months old. As infected needles subsequantly become dis• ~ 
coloreq. :for their ent:i.:re length, additional spore-•prodlfcing stromata _·._ 
develop. Infected, two ..;.year old and older need.les bear stromata ,:." .. 
over their entire length. Blight infected :need.1.es are not cast; 
furthe;rwore sporulation occu ~.'S on t he st ro mata . at all times of tl,l.e 
year q.p ;i..tl!'ected needles ·from ten mo:i.1ths 'i:,o .four years of ~ge . ,_,,. r ,-.-. 

· !· --~ ··; .. - ,.:) _._, : ··";'-i::.:_ :·: . 
Obviously we have an enti-rG1y different situation :in conpectton . 
with this fungus t han with the needl e cast fungus o The inoculum 
of the ri.eedle .' cast , fungus matures ai:, .:i. pa.1~ticu1ar t:Lm~ -o,f tl;le 
year, namaj,y--_d,1,1ring July and August_. spore discharge · an_d ;i.pf ection 
apparently :, . .o~cur 9-uring this per :Lod and then cease~ If conditions 
are not fa;v-.<;>1°abJ.,El for spore discharge OX' :i.nf ect:i_9n:1:· or -both during 
this sbo:rt interval, infection does not occu:r and · ecl-rrr1:0t occUJ;' at 
other ,tpnes of . the year ~ _,,. 

, . 
The blight fungus, however, pJ~oduces 
suggests that infectioi.l can occur /t .: .. 

inoculum all year long o This 
any time of the year when 
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climatic conditions are favorable for infection. 

These differences in the life cycles - of the two fungi involved 
are reflected in the prevalence . of the two fungi this year. The 
marked decrease in cast has already been discussed; in contrast 
blight is as prevalent this year as last. · .. ·~;i.nce spores are produced 
throughout the year and hence inoculum is ·available w}:lenever envi-
ronmental conditions are favorable marked changes -in the amount. and 
severity of infection fr.om year to year are not to be expected. 

The~e observations can.probably best be summarized by stating 
that: (1) the life cycle of a pathogen, and pP.rticularly the 
duration of the period of sporulatim1! rnay provide a clue as to 
whether the occur _rence of the disease it causes will be sporadic 
and spectacular; or ·chronic and more or less · static; (2) for a 
pathogen producing . but .one type of disseminule during a brief 
pe_riod .of 'its apm:lal cyqle, climatological factors : must be · 
favo:r_ab:l,;(;)_ for :spore liberation, dissemination and germination, 
and ·f:or penetr.~ti_on . during the period of sporulation for .heavy 
infection to result. For an actual epidemic to develop, favor-
able environmental conditions apparently must coincide with 
sporulation for at least two or more ·years in a row,., ... If these 
fact .ors do not coincide, a marked reduction in the prevalence 
may be expect~d tpe next year. 

... ·. '. : ... ,:· 

:· (l). 

·.:..:.· 

··: --r·: .· 

... 
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SPORADIC DISEASES IN YOUNG STANDS 
IN CALJFORNIA AND NEV ADA 

, ·Willis :W. · Wagener 

The. category "sporadic diseases" ordinarily suggests to the forest 
: pathologist diseases of an infectious nature that occur at . irregular 

and· widely-spaced time intervals. In addition to these, however, 
we have a number of injuries of non•-infectious origin that may 
sporadically damage our forests. I will begin my topic by citing 
a few types of damage of th;i.s sort that have occurred in . the Cali-
fornia-Nevada area and may occur elsewhere. · 

Injuries of Non-Infectious Origin 

Top dieback of conifers: . The injury specifically referred to under 
this heading is a dieback of the tops of c·onifers that becomes 
evident in the spring and may a.ffect trees of various sizes, 
although · most commonly seen in thrifty young-mature and mature 
specimens (7). 

The first case that brought this ·type ·of injury to our attention 
was a top dieback of Coulter pines and a few bigcone Douglas-firs 
in a recreational area on the Angeles National Forest in southern 
California. It was presumed by local forest officers to have 
resulted from bark beetle attac _ks in the affected tops, but there 
were enough non-standard aspects of the ·situation for me to be 
invited to accompany forest entomologist F. P. Keen for an on-the-
ground examination. When we arrived we found that the dead tops 
had been cut from some 315 affected trees as an insect control 
measure. 

Almost without exception the tops contained bark beetles of some 
type, but Keen pronounced them to be species of Ips ~eldom re-
garded as primary. Moreover, in some tops the infestation was so 
light that it seemed questionable whether the beetles present 
could be solely responsible for the dieback. Another feature that 
did not fit in well with the beetle-causation hypothesis was the 
presence below the dead portion of a zone in which beetles were 
scarce or absent and the inner bark was heavily resin-inffitrated. 
We also found that in some of the younger trees the bark below the 
dead portion could be stripped off easily in ribbons several feet 
long. On the under side these ribbons or strips showed a layer 
of white, thin-walled, large-celled tissue, apparently parenchymal 
in character. 

Another noticeable aspect of the dieback was that only tops ~ully 
exposed to the sun were a.ffected. Shaded or part-shaded top ·s were 
not killed back. 

/ 
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There is not time to . dwell on all the interesting aspects of the 
case. Suffice it that · we 'found typically affected tops without · 

_ ariy ~eetles present and . I climbed and investigated one tree with 
a' ··double top _·, . the, one., on the .south side dead and the one on the .. 
north side still :·:a1iv''e. ·. However; the latter top _ showed injury to 

· the inner bark of the same type as that in the south top _but not 
as severe. 

Fortu _nately, weather records for the entire pre~e 'ding year were 
ava1lable from a lookout within the affected area, as this was 
during World War II and the lookout was kept manned as part of the 
a:i,rcr.aft warning system. From these records it was f .ound that 
!H3c!.rly_,tw9 week_s _of very warm weather for that time .:of year had 
occur .red in mi_d-January. This was followed by a drop to 20° F. 
in . a : ii ttie more than a . day I s time and one of the heavies ·t snowfalls 
ever · recorded th .ere. Without mu'ch question it was --this ' per:Ldd . of 
abnormally mild temperatures followed by the quick drop to below 
fre _ezing that _ had · caused the injury. 

·-we have since found that this type ~f dieback is not uncommon in 
pine_s and associated c,onifers in California. More than once it 
has . been ·ascribed :by e_ntomologists to beetles such as Pityop~thorus 
spp. because these in:sect _s later invaded the injured tops _. In-
variably the aff e'cted trees have been making rapid growth a,nd the 
tops are fully ·exposed to the sun. · Residual stands of pine -fhat 
have been sel _ecti vely logged, resulting in growth release, · c!,re 
part _icularly .susceptible. ·ott~n the injury occurs in the autumn, 
in consequence of a sudden cold wave following warm fall tempera-
tures. 

There also have .been cases of top dieback affecting more than 
one conifer species that apparently are not the result of sudden 
colp.. ,·_We still do not have an adequate explanation for them. 
A rtotew.orthy case occurred above Placerville, California in 1946~ 
Po.nderoka ' 'pine and incense-cedar were the chief . species affected, . 
along with ·a::few Douglas-firs and digger pines. A't the Institute of Forest' ''Gerietics over -200 ' bagged cones were lost on a single 
ponderosa "pine top. A hygrothermograph rec _ord from within 200 · ·. 

· feet of this tree gave no indication that temperature changes were 
responsible for the damage. In one ponderosa pine top examined · 
in considerable detail the cambium and adjoining phloem , of the 
inner bark were darkened in a gradually diminishing degree for 
about 12_ feet below the lower limits of dying. 

Closely related to the top dieback from .'sudden cold is a typl · 
of so-called winter injury to plantations or rapidly growing 
natural reproduction. As ·a · rule only scattered trees are 
affected, always in locations fully exposed to the sun. The 
inner ·bark of such trees is heavily resin-infiltrated near .,,the 
lower limits of the dying and the damage seems to be the resuit 
of incomplete dormancy of the inner-bark tissues, resulting in 
their damage by cold. I 
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~:£,in~ qi._e~~~~~o.f_ con~t:f.e:rs f"?J~~l(~l± _~u_ghl: . 

Our attention in Californi~ was · fir~"t drawn to this type of damage 
in, the spring of 1930. The preceding __ fall was extremely dry, with 
no precipitation until Dece.mpe:r 8 in many parts of the state. 
Early the following spring · d:ieback began to show up in a number of 
coniferous species 0 incluchng Monterey pine and western juniper, · 
but was . most extensj_ve in Douglas-fir and incense-~cedar. Most of 
it occurred at fail'ly low e1evations in t,he North Coast Ranges 
apd in the Sisk:L;;r.pu Mou;1taJns.. · 

In Il),Q/3t' .. of :.'.the a;f.fec·ced Do~glas=fii " saplings and poles the diebac ·k 
became arrE;st~d about thP. ~n·d of April and the remain:i.r:ig portions' •· 

·: :C)t ·t.he_ ,crOW:!1 and: ;:;.:col"il subi ,,equantly _:ceC:6vered~ In incense-cedar; ·-;:_; 
1however -~ .the dJeb ,a.<?k coi1tinued ,, opce it was started, until the · · 
entire .. tree s:u9cumbad_.,. . · 0: · ·, ·1 

i . . 

In 1937 a simila.1' c1ieback occurred but in a more restricted area, 
including: pa,rts . of ,,the .. Eogue drainage. in southern Oregon, Follow-
ing this,,, no sirid ... l_c;.:i:~ die.back was :n'o,~ec:i until the spring of this 

:-YE:18;!'.,:,w:hen ·it aga~11,,app8arEld .in par.ts of ;.1orthern California and 
-·on-·tin€·-Kerri .. plate{l,~~-; .Qnth~ basis))f our experience with the 

pre¥ious cases we :w0~e aois .to ppedict in advance that this type 
of -~ieback . might b~ :::ixp~c· _~l;ld in tqe spring of 1960. 

A featul'~ of this '.,di;back. is · i0hat at the time it occurs there is 
u~~~lly_ pl~rrty of .moist~ ·re in the soil and has been for several ,: .· 
months. Why: then, does it taka p:'3.c~? Some of you are familiar ' 
with my hypothesis on this point. For those uho are not I will 

· reserve it.s present,a.t~on for the discussion period. 

Heat scorch of deciduous foliage; In 1942 Mielke and Kimmey (5) . 
r~ported a . .:foliage scorch of California black oak and occasional 
other species the previous flummer in parts of the Sacramento and 
Klamath- drainages. in northern California. No evidenc 1 could be · · 
found; -of an assoc:....ci.ted pathogen_, and after a study of the weather 
records from within the . affected area they concluded that the · 
:Scorch _was the :".'e,rul·c of a sudden hot spell in early July, · fb11ow::.. 
ing an unusually cooJ. . and moist spring. · · · ·., · · 

. : .~ : . . ·. . . { :·. 
No simile..r injury P.s extensive as this has since been noted" in the 
State, but there is ever-y reason to believe that the conditions ·· 
responsible for the sco1•ch in 1941 will sometime recur, with similar 
effec;:;I;,~ a 

.. 
· Salt spray 'damage: Redwood is a species relatively sen 'sitiv·e 't_J · 

salt drunage~Qf; the foJ.ia.gP., . However, the species ext .ends to ·: ',. ' 
marine headland, _ .situations in a number of places along t .he . north 
coa;$t of California. : /.. <-

. : ,_; 
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Following heavy on-shore winds in February 1959, conspicuous 
reddening of redwood foliage was noted on trees in exposed loca-
tions along the coast north of Eureka, California. Often all 
foliage on the windward side of the trees was killed. Associated 
Sitka spruces showed little or no injury. 

Not all excessive on-shore winds carrying salt spray result in 
salt injury, but only those riot accompanied by su_fficient rain 
to wash the salt deposits off before they can inflict damage. 
These occur at relatively infrequent intervals, and as a result 
the damage is sporadic in occurrence. 

Sporadic Diseases of Infectious Origin 

Diseases of this type may be divided into two clas 'ses: (1) Out- · 
breaks resulting from particularly favorable or unfavorable climatic 
conditions occurring at infrequent intervals, and (2) outbreaks 
developing from highly favorable but non-permanent host conditions 
or associations. Combinations of the two sometimes occur. 

Examples of the two classes can be cited from the history of 
oe.currence of western forest tree rusts in California and Nevada. 

Pinyon rust: This rust, Cronartium occidentale, is endemic in 
pinyon pine at various locations •in the pinyon ·woodland, extending 
southward from the Carson River in California and Nevada, wherever 

. __ ,favorable associations occur with the desert : gooseberry, Ribes 
velutinum. Iri some locations new infections in the pinyon pines 
occur at sufficiently frequent intervals to maintain a relatively 
constant but not severe infection level; in others, waves -of in- · 

:·:··,:·· f.ection by the rust are highly sp·ora.dic. · 

In the mid-1920 1s our attention was called by the local Forest 
Supervisor to pronounced flagging of pinyon branches along the 
highway through the pinyon-dotted hills south of Gardnervi lle, 

.Nevada. On examin ation the flagging was found to trace to 
_,,,- -thousands of pinyon rust infections that had become established 

around 1920. · 

. . ;._Old pinyon rust cankers can still be found in those stands, but 
--since 1925 nothing remotely approaching the infection level of 
the early 19201s has d~veloped although there has been little 
change in the pinyon-ribes association • 

. ,. r ,_.., 
This infection wave m~st have resulted from a season of very 
favorable weather condit;L_<;ms, first for the infection of ribes 
and the intensification '" ·of the rust on that highly susceptible 
ho·:'3,t, and later, unusually favorable weather for pine infection. 

I 
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Co!~2:!2,.CE_'cl. 1:u:c3,i: :A similar .:j_nstc).nce is provided by the rust,. 
Cron~tium. comai:idrae_;..Qn. ponderosa pine in Kyle Canyon of the . cr11£~rleston· Mountains '.ii::i, southern Nevada~ By the latter 1930 Is". 
mO:".cta.lity :wc1s heavy there :j_p young ponderosa reproduction from a:::. -
wave of i'iifect:lon by the rust either in 1932 or 1933 •. Old stem·. 
cankers from that wave are still present and the pine-Comandra 
association was. stilJ. about the same when I last had an oppor-
tm,ity; '00 make. a, checki 1;)1;1t there has been almost no new infection 
on piil!3 , Since' 1932.. 

Here. agah we have an e::ampJ.e o:f a disease able to maintain itself 
between vary widely and irregularly spaced seasons when climatic · 
cond:Ltions a.re fa.vo,~a·01e f(lj_' infection of the pine host. 

'W~,.stern galJ."£'.~.~_t::::: __ :fo example of the second class is provided by 
th~- pere_~po.i_Ci~~.,,f.orm o2; this :cust in plantations of Monterey pi!)e. 
in .. th€ Pr,es.i dio of San F:cancisco during the mid-·19201 s. This fo:rm 
is. qont~i\~H-:_ta· co2,:rJ;al apea.s within the summer f qg belt in Cali- . . 
forriia; and diffex·s :;rroni··:typica l Perider:mium harknessii in having 
a non ,~continuous 2.e.c:iospore layer-from which the bark covering 
does not ·exf'oliate as it does in the typical form, 

During the aa '.'1ly pa.,rct · of the present century the unoccupied por-
tions of Presidio lands were planted to Monterey pine and Monterey 
cypress. Pl2 ,nting was in blocks of a single species . and_ was ., 
continued over: a p,e·M.::od,--:-01.' years before World War I. .... -·· ... __ "·" 

Monterey pin~· is IR~~t susceptible t() damage by the rust when it 
is from 2· to 8 feet high, During this stage it is not only highly 
susceptible to infection but main stem infections are common, · • 
resulting in later high mortality. The first plantations in the 
series came through this ~!'i ti cal period without much gall r~s':t, · 
but the infections that did become established provided local sources 
of aeciospores to spread the rust to later plantations. As you. may 
remem~EJr:, this :rust is 8.n ::i.utcecious form, spreading dir.ect~y:' _' · 
from P\:t?,e to pine: in the aecial stage. · · 

By the. mid -t ~enties some of the later plantations were ih bad shape, 
with tliousands of gal:Ls" many of them on main stems. By that time, 
however, planting had been stopped and there were no new blocks of 
tree~ . re?,~+1;L:qg the highJ.Jr vulnerable stage to carry on .. tl'le . irµ' ection 
chain. ThEl . older i'\tands closed. in and the lower branches:~ carrying 
many r,:u,st . galls, we1~0 either sha,de9-out or pruned off •. · The· sur-
vi vor:ii' 'in the heavily inf ec:ted blocks also grew past thEl stage 
in which stem infections were 1ikely to occur. Mortality from 
the rust .practically cea.sed. Today gall rust is scar.ce in these 
Presiqio,,stands .because their age and condition is no lori~er,. · · 
favorabI\I{ 1.ol' infection by the p2.thogen" . 

• . , ·. , •• J • • • . 

An. exampl~ "·of a.n intermed:iate sittiation comes from the Little 
Shasta River draj .nage, not far from the Oregon line in northern 
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California~ · ·J. S. Boyce examined a Comandra rust outbrE;)ak ... 
here in 1914,. and from his field notes we cah get a goocLi~ea 
of conditions as he found them. He reported that the advance 
growth of ponderosa pine, from seedlings to small poles/ was ·. 
badly ,.infected, _with many young trees recently dead. OD-a:·,_·· 
100-foot square plot, which he stated represented average ." , · 
rather than the worst infec tion conditio ns, his tally showed 35 
percent .of the trees dead , or -dying from the rust and another , 
17 percent infected but still living. Comandra was very coJl)Illon 
among the •pines and badly infe cted , (4). · 

Today the rust is still common in the area but primar;i.ly as tiunl/ . 
canke -rs- of · ·the older trees. · The remains of pines ,, :·kil;L_ed by the · .· 
rust are scattered through the stands. Comandra..plant .s and yqu_ng_. 
pine infections · are scarce. Trees or tops will continue to dfe · ·' 
from old-established trunk cankers for many years to come, but 
the ··prospects for the resurgenc e of the rust seem poor. There 
is no' .,.clue as to what may have caused the reduction in the Coman-
dra · population unle .ss it was from ·the closing in of the young · . 
ponderosa stand • . However, there are still many open situations 

. which should be :favorable for the alternate host. 

Lokoya canker: Turning from the rusts, there are several exam- · ,", 
ples of sporadic diseases from fungi of other groups that deserve 
ment±oft~: The Lokoya canker, induced by the fungus Phomopsis 
lokoya:e:;· -is one, 

· . ' :; ! ' 

When this disease first came t.o our attention in an outlying stand 
of young .Douglas-fir on a ridge -adjoining the Napa Valley of 
California in 1930, it looked rather ominous and raised the possi-
bility that it might represent another unwanted introduction to 
threaten an important timber species. However, after a se.ason 1s . 
investigation J. s. Boyce concluded that the outbreak wa,.s t,he 
result of intensification of a hitherto unrecognizect. ·native . orga,n-
ism under unusually favorable conditions brought :a,bput by late . 
spring ·rains followed by an unusually prolonged fall dr01.1ght~. 
Boyce found the canker at various locations in northern .Californ;i.a 
and into southern Oregon, always on rather marginal sites for 
Douglas-fir -(3). Subsequent experiences with th~ . di _sease have . 
confirmed Boyce 1s .estimate of it, In the Lokoy~(area · the incidence 
sub side.d as quickly as it had risen, once the rainfall pl ttern h~:d 
returned to near normal. · · 

-::_ .>Cytospora canker of true firs: Durin g the summ_er of 1930 many 
inquiries were received concerning the dying in · crowns of youn_g 
white firs around Lake Tahoe. ·Along with this there was a pro-
nounced increase in dyin g of older trees from attacks by .Sc.olytus 
bark beetles. Damage was most ·-pronounced along the nort _h ·a9.d · 
~ast sides of the Lake, but ,was ,also very noticeable along the . 
roads between Tahoe and the town of Truckee. .Some trees .were _ . 
killed completely, but in oth/s the damage was concentrated . in . 
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the lower crowns .·=· After 1930, dy:i.ng from the canker continued to 
extend ,<slowly in '.trees · in whicl.J ,the · disease was established, but 
there ; was almost no involvement; _ of.additional trees. A study of 
the canker by Wr:i,ght indicated that the causal fungus, which he 
identified as Gytospora abietis, was a weak· parasite, requiring 
a nucleus of injured tissue from which to start (9) . 

It seems =likely that the sudden upsurge in the disease in 1930 . . 
st er.imed· f r om the dry fall of 1929. At Tahoe Ci ty, whi ch wa s ju s t 
on the edge of the affected area, precipitation between July 1 
and December 8 was onl y .97 inch as against a nbr mal of _approx-
.irnately 6 .inches. When precipitation did start it was ori cold 
ground and ·part fell as snow. Physiolo gically, the moisture pro .. 
qably had little effe.ct until spring . 

Evidences of the disease gradually abated and in recent years 
there has been very little of it. · Wright conclu ded, fron i,~,exam- ·:, 
3:.nat,:i,ons of trees that appeared to have borne cankers for some ,:,_; time;· .... that most of them started in 1924, the driest year on recqrd 
during the present century in much -of California. The circum~ ---<J 
stantial evidence ties in with the ·findings of Bier and his 
associates concerning Cytospora cankers in hardwoods and their 
relat ·;ion. to a low moisture content of the :i,.pn_er .bark (?)• 

·-;-. . . -'"c:·' · 
Septoria, ,,disease of black oak: . • During the summer of 19.58 pro-
nounced browning of the foliage of California black oak was noted 
in a number of places in the mountains of northern California (1), 
Examinations of affected _foliage ir.di .cated that Septoria . 
quercicola was the: chief .f'lingus conqerned. From field notes of . 

-Meinecke and Boyce it was ·,found that a similar browning of oak =; __ . 
foliage from this fungus had been noted in parts of the Sacramento 
River drainage in 1913. In the districts where the incidence of 
the disease was observed to be pronounced in 19.58 the condition of 
the· ·oak .foliage was entirely .normal in 19.59., indicating that the 
occurrence of weather conditions unusually favorable ¾or infection 
by the fungus was probably responsible for- the sudden upsurge of 

. the disease the previous year. 
• ; ' 

Leaf blight of California-:-laurel: ::._The most recent disease . of a 
· . sporadicnature to be reported for California has been a leaf 
.·b)iighting of California-laurel described by Parmeter, Bega / and 

Hood in the Plant Disease Reporter for August 1.5, 1960 (6). They 
found a bacterium and two fungi to be associated with the blight-
ing, the chief agent apparently being Colletotrichum gloeosporioides. 
A branch dieback associated with Botryosphaeria sp. followed. 

The _authors concluded that the blighting had probably occu:rred , 
because of two winters of unusually ·:heavy precipitation following 
one another, the first building up .- the supply of infective ma{erial 
from a very low endemic level and the second. in ducing the pro- .: 
nounced blighting. I 
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Fom.es annosus killing of pines: To · the above examples m_ay be 
added one that is at least semi ... sporadic under our conditioh ·s·: 
the de~th of pines, principally ponderosa and Jeffrey, from 
basal killing by the fungus~ annosus (8). Some dying 
~rom tbis fu11gus at centers _ where it has become established 
occurs almost every year but the mortality incidence shows pro-
nounced fluctuations, with peaks at irregular · and widely spaced 
interlvals. . Although a connection has not been demonstrated 
~xper:i,mentalJ,.y, there are ·indications that the peaks in mortality 
incidence follow periods of prolonged spring saturation in soil 
moisture on sites that are normally quite dry. Conversely, 
during the latter part of a series of years with subnormal pre-
cipitation the .. mortality incidence from the fungu _s __ drops to ·a 
very low level. 

The exampJ,..e;is: cited ;above should be sufficient to indipate 
that forest1f ·ar.d ·woodlifnds of California and Nevada .:are sub-
ject to a variety of sporadic injuries and dj_seases, some of 
them occurring at very widely spaced and irregular intervals. 
They also suggest that with a sufffoient background of obser-
vations and experience some of them are predictable before the 
actual dmn.a,g·e· becom13s evident. 
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PANEL II. DETERIORATION OF DEAD. STANDING T.IMBER 

-·: ·James -W •• · Kimmey; Moderator 

PROBLEMS AND POSSIBILITIES IN DETERIORATION 
OF FIRE-KILLED TIMBER STANDS IN THE WEST 

James W. Kimmey 

INT RO DUCT ION 

·- : . ... 1 ., 

The •nierchantable volume in a standing tree does not changeappre-
ciably upon the death of the tree. If it were not for subsequent 
deterioration, the only volume loss to the stand would be that of 
potential growth caused by cessation of growth in the dead tree. 
Even this growtih loss might be compensated for, at least in part, 
by accelerated growth of adjoining younger trees. ' 

Unfqftu~~tely , deterioration starts in a tree soon after its 
deci,tfo --::This dete:1'.'ioration is the source of practically all 
volume loss attributed to mortality in merchantable stands. It 
is also the source -of practically all of the problems to b~ de-

. fined and; discussed · ir:i this morning is panel. · · · · 

Two broad phases or degrees of deterioration concern us : (1) 
that · wnf6h'. • reduces the usefulness and value of wood, , and·. (2) , · 
that which 1"enders wood unsuitable for use. The lllost · important 
aspect· 'of di:lt'erio1,ation is the rate of change :.Crom normal sound 
wood to the fir-st stage and then to the final stage in various 
part;=:; .of the t.ree bole. .,, 

-. · . . ·; •;: _· '. 

Many 'things· influence the 
in a deP.d tree. W:i.thin a 

rate of: ·deteriorat ,io;n .of scrnnd wood 
sing1/ tree specie,s :,!·•~wo pf the more 
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important factors 'influencing deterioration are: (1) the cause 
of death, and (2) the location of . the dead tree. 

· Trees may be killed by fire, insects, disease organisms, natural 
suppression, or other means. A single tree or" a small group of 
trees may be killed in a green stand; or fire or in '.sects may kill 

.. entire stands. The rate of deterioration is aff~cted not only by 
these variations but also by geographic location. '· 

.Our panel, this morning, has divided the topic of deteriorati~h . 
of dead trees according to these general variations I have 
pointed out. My-category is deterioration · in .fire-killed sta~ds; 
Dr. Ernie Wright's is insect-killed stands in t,he Cascades and 
Coastal areas; Dr. Jim Mielke 1s, insect-kiilea ··stands in the 
Rocky Mountain . areas; an,g. pr •. Ray Foster will cl'ean the bqard by · 
including deterioration in trees killed by disease~ . 

PROBLEMS IN FIRE-KILLED STAND.'3 

Al though trees contain approximately -· the same sound voiume immedi-
, .. ately after being· killed _ by · fire ·that they contained before the 
.fire, . :t,his sound · volume soon ·deteriorates in value and eventually 
will be lost entirely unless it is salvaged while still economi-
cally practicable. The greatest and most complex problem created 
by fire-killed timber is salvage. 

Time is the most important element in salvage, especially in exten-
.. sive fire-killed stan.ds. Salvage on the Tillamoo ·k Burn continued 

more than 25 years ·, althoug ·h many trees had deteriorated to use-
_lessness in 10 years. In the West, burns often involve stands that 
include many topographic and climatic variation ·s. · To enable the 

.maximum .salvage, we should ·know· how much time is · required to bring 
on the two important degrees of deterioration at the lower eleva-
tions, at . the higher elevations, and ori' the southern and northern 
slopes .even within the same ·burn. And:we· ·should know the difference 
in deterioration rates between the wet climates and the dry climates 
of the West. · Thirty-two years after · the Yacolt fire in southern 
Washington, most of the large old-growth fire-killed Dougla ·s ... fir 
trees at the lower . elevations were deteriorated beyond use.· In 
this same burn at high elevations in the Cascades, most ,fireMkilled 
tre .es (many smaller· and of the ordinarily more perishable species) 
still were standing full length with mostly sound boles. They 
contained some arrested decay in the sapwood, and some slowly 
developing decay near the groundline. These standing trees were 

· . barkless, bleached, case-hardened, and badly checked; but the 
pulpwood volume was nearly the same after 32 years as it had been 
before the fire. 

In such large burns immediate salvage of all fire-killed timber is . 
a physical.', impossibility. · :And, even were immediate salvage ·,. 
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possible, it might not be desirable because of allowable-cut quotas 
and log market conditions. If we were abie to properly _ delineate 
the areas of fast and slow deterioration wi~hin the burn, orderly 
salvage could proceed without undue loss, . Proper delineation could 
not, however, be based on any single factor such as elevatfon, _ 
Research i~ nee ded to determine the species · of stain and de6ay 
·fungi invob·ed and th eir general temperature and moisture require -
ments. Then, microclimate on slopes of different aspects at 
various elevation s and latitudes should be determined. · It is im-
portant to know for a particular area whether the faster deteri-
oration will occur in the low-grade logs of the tree tops or in 

_the high- gr ad e l ogs of . the lower bole, or whether serious decay 
· will occur only at the groundline , We need studies to determine 

the role in deteri oration perf_ ormed by the heart rot .. fungi"_.sp9_}:t 
as Fornes laricis , Polypor-u s s'chweinitzii, ahd others t hat maj: .. , 
occur in the trees before their -death. 

The time of year that the _fira occu rs influences the rate of early 
sapwood deterioration, espedally at lower elElvations, and the 
severity of the burn itself may affect the rate of subsequent 
deterioration. Of course all these factors must be determined -for 

·each commercial tree spe cie s, and for each spedi~s :we _shouid know 
the · effects on rate of ·-deterioration of such factors . as . tree ··_ s{ze 
or . age and th e rate of ~rowth in the heartwood~ 

Research other than pathological, or joint res _earch with .. t .ne. . 
parti cipation of pathologists, i s needed on such problems a·s the 
relation of climate to det erioration by the various cambium arid 
woodi-boring insects. And research is needed on the int_err .elations 
of these insects · and the development . of stain and 'decay fungi. . We 
should know the effect · on pulp'wood yield ' arid value · of casehardened 
wood, . wood containing deep weathe .r checks, . staine9- 1'JOOd, . and . wood 
cont ain ing early stages of decay _ ·-~aused by various _ fun gi. . The . 

· effect of early degrees of deterim-ation on l\lmper. grades and yields 
--should be determined~ The pos s ibilities . of other . ·use ·s fqr partially 
deteriorated wood should be 1.nvestigated~ ·. Logging · cost, s and ex-,. 
cessive breakage should be studie d in relation _ t o . degree of 9-eteri-
oration in fire-killed stands of each connnercial . species on various 
sites. The rate and. manner of breakup of ffre-:-killed · stands - ·of .. 
various tree species is important in est, ab:J._:/,-shing _new stands. and 
in their subsequent management. · · · 

POSSIBILITIES . FOR RESEARCH 

I - shall not r eview ·th e lit era ture · on western . deterioratiori . studies 
because Dr. Phil.Thomas did this . irlhis excellent pape~ presented 
at our Seventh Conference las _t year. ·· Phil po inte d out that . 
probably our gr eatest acc umulation of dead timber.in the West 
has resulted from fires, yet our r esea rch in this clas _s of mat ~-
rial probably has bee n the most ne glected." ._Mo~t. researcl,1 on , 
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fire.:.kill ed ·timber has been done in the Coast States, chiefly on . 
Dougia.s..;fir. · The :earliest study made in the West was reported 
by . E. ' R. Hbdsbn of the U. s . Forest Service in 1907 in Forest .· · 
Ser-vic ·e · circular 113 o · ·This was a general study . and included 
several tree species i n the southern Rocky Mountain region. 
Especially noted was the much slower deterioration in .fire-killed 
timber above 9,000 feet elev ation, · · 

Analysis of past research attests needs for the following . studies 
by for est pathologists; · suggested priority is indicated :by· the 
number following each problem: 

Studies east of the Cascade and Sierra sumlni t .s - 1: 

.·• < .. 

. . . . . :~ .. 

Douglas-fir •· l; ponderosa - l; lodgepole - l; other 
commercial sped es - 2 

. :" :: 
.. 

· · Rate of de.teriotatior. and determination of causal 
''fungi · - l- : 

j ... 

•:sapvtood thiclmess and percent of tree volume 
· 'Tree size · and age - 1 • ;;: I . i 

Rate of tree growth in heartwood 1 ., El evational effects 1 -· 
Aspect and exposure effects - 2 
other microclim at ic factors - 2 
Time of year fire burned ':"' 3 
Severity of bu:rn - J . .. . 
Interrelation of fungi and insects - 3 

Activity of he art rot fungi after tree I s death - 2 

Studies west of the Cascade and Sierra summits - 2: . 

· Douglas-fir - 2; other com.mercial species - 1 

Rate of deterioration and determination of causal 
fungi - 1: 

1 

Sapwood thickness and percent of tree volume~ 1 
Tree size and age - 1 · 
Rate of tree growth in heartwood - 1 
Rainfall effects ~- 1 
Elevational effects · - 2 
Aspect and exposure effects - 2 
other microclimatic factors - 2 
Time of year th e fire burned~ 2 
Severity of burn - 3 
Interrelation of fungi and insects - 3 

Activity of heart rot fungi after tree 1s death - 2 
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An important part of . each study should be to determine the loca-
tion within tpe tree bole of the most rapi _d cl;eterioration. All ·: 
research prograrns snouJ.Q. be . carefully planned to take ··advantag ·e· of 
the poss .ibilities for combining objectives. .Cooperative reslarch 
with entomologists, mensurationists, economists, or meteorologfsts 
is ,highly desirable for some stuill:es of pathological deteri .dration. 
Such joint investigation not only makes research more efficient · · 
and authoritative, but it permits the combining of more · objectives • 

. :R~s.e~~ch
0 

on .some probl~ms 'created by fire-kiiled timber, such as 
those involving wood uses, excessive breakage, and st.and breakup, 
may require only consu ltation with patholog .ists. other research, 
such as logging cost stud.ies, . or some ento~ological st1,1dies, m,ay 
be entirely independent . ·· · · ·· 

SUMMARY 

Dete r ioration of . fire~kili~d timber in the We~t is an impor tant 
but neglected field of research. The principal problems involve 
rat.e and degree of deterioration • . The .ul timat~ . objective of 
needed research is to provide ~nformation that wil l enable forest 
managers to salvage _fi r e-kil l ed timber with a minimum of loss 
from prog r essive deterioration. Thi s may best be done when rate 
and degree of deter~9ration can be predicted accurately for each 
tree species in arry particular lpcation. · · 

. . 
Because wood staining and wood decaying fungi ar e the principa l 
agents of deterioration, forest pathologists ·must take the l ead 
in the required res ·earch. · · 
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SOME UNANSWERED QUESTIONS ON THE RELATIONSHIP· 
OF BEEI'LE INFESTATIONS TO RATE OF DECAY · ;-, 

Ernest Wright 

About a de·cade ago, the Douglas fir bark beetle showed an alarming 
. increase in forests of the Pacific northwest • .By 1950 entomolo-
gists warned that we were faced with a serious epidemic, which, 
by 1953, had reached its peak. During this short period, nearly 
two billion board feet of standing Douglas fir timber were killed. 
Forest pathologists than had to de_termine how long this beetle-
killed timber could be left standing before decay would render 
it economically unprofitable to log. 

During these studies, in whicn many of us took part, we learned · 
that the sapwood was destroyed by decay within two years after 
infestation and by four years even the heartwood began to show 
advanced decay. The loss from decay was in direct proportion to 
the percentage of sapwood, ~hence young .... growth timber had the 
greatest commercial loss .of ·volume. The indications also were 
that losses . from breakage .were higher in beetle-infested timber 
than in adjacent - green timber. , , · Decay als 'o generally advanced , 
fastest in the . mid-bole when·beetle infestation was heaviest {7). 

. 

No sooner had pressure for data on rate of deterioration of beetle-
killed Douglas fir subsided than an epidemic of Pseudohylesinus 
bark beetle developed in Pacific silver fir in the Cascade mountain 
area of northern Washington ~n p~rticular. This epidemic seemed 
to be related to Armillaria mellea root rot, although to my know-
ledge, this has not been established definitely as yet. 

The rate of deterioration of beetle-infested Pacific silver fir · 
was found to be somewhat more ·rapid :than for infested Douglas fir. 
Four years after infestation, the lumber yield from beetle- . 
infested Pacific silver fir was reduced to 50 per ,cent of the 
volume, and to 70 per cent when the wood was used for pulp (2). 

Naturally, m~ny questions arose during these studies as to the 
rapid deterioration of beetle-infested timber and how best to reduce 
losses from decay. Some of these questions can be enum~rated as 
follows: 

1. What relationship do sapstains from Ceratocystes have 
to the rate of decay? 

While this question may appear academic, it is one that has 
perplexed forest pathologists for decades ~ So far as I am aware, 
this question remains unanswered, except that _we do know f~om · 
the works of Nelson and Beal (4) and Wright (5) that sapstains 
aid in killing beetle-infested trees. From the · studies made in 
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. Sweden (1), the latest in -formation shows that blue st ai n in dry 
buildin g timbe r does not enhance the advance of decay. This i s 
a very intriguing ·subject, and detailed studies applicable to 
fore st conditions are needed. 

2. How do beetle-infested t r ees become so readily infected 
with wood- decay fungi? 

Here ·; -a.·ga i:n; is 'a: very intriguing s~bject and one worthy of de-
tailed '1nv estifat :i.cin ·~ ,· Since bark beetles emerge lon g before 
deca y :'is ·•well advan9ed in infested t re es, decay most likely enters _:•. 
by •mearis• of ;spofe 'i{-~.icked up from th e outer bark of hos t trees 
just pr icfr >to i nfestat ion . This possibility appears l ogi ca l, 
because of ·our knowledge of th e frequency with which logging scars . 
become infected witp deca y fungi(6), but to prove th i s is by no 
means easy. To identify the spores of wood rotters on washin gs 
from the bee t les is extr emely _diffi cul t . I have tr i ed t his mariy· 
t imes,. a:ri.d.-also by culture, but almost inevitably , Ceratocystes 
arid moltls obscure the wood rot mycelia . I did, however, on one 
occasiofr; ' cisolate Fornes annosus from a_ Dendroc~ pseudotsugae 
adult aft 'e!'r emergence and just pr ior to at t ack . This certainly 
is meag'er" evidence, but suggests that use of selective inhibitors 
in medfa .':'possibly may aid in identifying wood-rotting fungi to 
determ~ne ' ·whether they are on the bark of infested _ trees, or on 
thEl ·bodies of beetl es as they emerge. Washing the bark and cul-
turing these solutions present the same di sadvantages as using , 
the · b ~et les. l : . • :. 

·.: •·' . . . . : . \ .' :·· 

3. What is the role of root rot in infestations of bark 
beetles? 

This question has been a subject of controversy for years. Some 
entomologists believe that t here is ·a direct connection, but most 
do not. Forest pathologists.1 I ~hink, are mostly noncommital. 
Ther e appea~s to be consid erable evidence bot h for and against 
the importance of root rots to beetle infestation. o/ p er son al 
opinion is that during years when bark beetles b ecome epidemic, 
root-rot ted t rees pr obably do serve as breeder trees much the 
same as down timber. During endemic years, this possibility 
appears to be l ess likely. The relatio nship of r oot rots to 
bark-beetle epidemics needs careful stud y base d on field plots 
established and studied from year to yea r until a beetle el'5idemic 
oc curs . Excavation of roots from a series of infested t r ees will 

-be nec essary . 

4 . . What is th e ecological succession of fungi in bark b eet le -
infest .ed tre es? 

.' ;•_:·:._• 
We already kriow tlfa.t/ Ceratocystes or other sta i ning fun gi are ·c-:: .. 
almost all.ways, · if not univers a lly, pre sent in associa ti on with _1 , , 

successful ·beetle infestation. From th i s p oint , however , we have · 
.". 1_1_ -~: · 
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little information for standing timber.- Munch (3), in 1907, 
suggested that blue-staining fungi consume the content of the 
parenchymal cells, and decay fungi thus are prevented f;rom receiv-
ing •nitrogenous nourishrnen-i:, as long as hyphae of the staining 
fungi remain alive. Bjorkman (1) also found that living blue-
stain did inhibit wood·-rotting fungj_ in green wood blocks to some 
extent. If this :i.s t ru e f or star:ding timber, then it would appear 
to ·f.ollow that decay starts f':i.rst , in unstained .areas of the tree. 
This does , not appear .. to be the situation, based on -field observa-
tion. On. the contrary, the . reverse appears t:rue. Here is a 
point in which forest patholo gists could make a real contribution 
through detailed and carefully planned tests. Once this point is 
est,abli-shed; • -then- -perhaps the .s.uccession of wood .rotters could . b~ 
mor e readily dete r.mined> for such an important wood rotter as 
~es · .£iil.BEPJ~~-,may :not b.e able to advance through stained areas 
until the way is prepared by lesser known forms of fungal or 
bacterial inva.sior J. 

5. How -can decay be retarded in beetle-infested trees? 

If we had the answer to . some of ·the preceding _ questions, we· .. . 
might be in a better position to answer this last one. , Many · 
avenues appear open for further exploration. For example, if -, 
the trees are felled immediately after infestation and the · 
logs shaded by slash, could decay be retarded? Could antibiotics . 
that would . retard decay be aerial l y sprayed , on recently infested 
trees? With the same idea, should recently . infested trees be 
injected with antibiotics? Would girdling recently infected 
trees retard development of beetles .and sapstain? . Would toppir,g 
recently infested tree;3 slow down the rapid advance of wood ., . ... 
decay? These seem to ,be joint problems for cooperative s:tudies . 
among entomologists, pathologists, and tree physiologists. .Such_ 
a team -might well provide the answers to these pr _oblems. . ;_ 
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DEI'ERIORATION OF JNSECT-KILLED STANIB IN 'ROCKY 'MOUNTAIN. AR.BAS 

J. L. Mielke 

Briefly, my instructions from -our chairman of this panel were to 
prepare a paper on problems related to deterioration of insect,;;, 
killed timber stands in the Rocky Mountain areas and to suggest · · :· .. 
research to solve them. ' For convenience in this discussion, '· that ·: 
portion of the -Rocky Mountain range north of the Canadian-United · 
States boundary will be referred to as the Canadian Rockies "and 
the portion south of the b oundary, the U.S. Rockies. · 

The Rocky ·Mountain area extends southward from the Yukon in 
Canada to Mexico, a distance of more tµan 2,000 miles. This · · 
extensive ·area includes a great variety of environmental and 
other conditions that add to ·the complexity of · the deterioration 
problems for both pathologists and entomologists. Also, this 
area contains extensive stands,. often inacce ·ssible, of mature 
and overmature timber more or less susceptible to insect and 
fungus attack. Decay fungi are common in the old stands. 

. . ' 
Numerous tree species are found throughout the Rocky Mountai n area. 
Included among the main commerc ial con if ers are western white; 
ponderosa and lodgepole pines; grand, subalpine:, white, and 
balsam firs; Engelmann spruce, irestern larch, Douglas-fir, western 
hemlock and western r _edcedar. Some occur over very wide ' ran.ges 
but others are comparatively· · li mite d in their dist rib ution. · All 
these species have · their insect enemies, and all are; at.tacked 
by decay fungi. 

Unless insect . outbreaks cover ·extensive areas here • and · ·there 
throughout the rang ,e . of a . single tree species and under the 
diversity of elevation, climate, and other environmental ·con -
ditions for the. species, there will be no opportuni t y to study 
rate of deterioration in stands. Results of such studi es would 

·I ! 
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•:-u : • :·;-4'·; •, .. ~· :, ' . 
. b-i-app_J..:i..'~·ablJ ' irl' most . Rocky .t,ioun.'.t!ain areas. The likelihood '. 
J;>fldnsects killing extens .ive ·st~nds of timber· _.today . is deer.easing • 

. ,:.'.·: :'MethoQ.~ .. :of controlling in~ ·ects co,ntinu _e to improve; and forests . 
.. ·,:.• µi;>wi·li~v.e ' many· more acce:s-s r~a~Is t};+an- tq~y did 25 ·years ago. If 

. t) . .':;-,rb_a<tiijlo n,ot exist, they ,car1 °Qe.b'uilt quite 'rap;Ldly with modern · . 
. _:-';i •:: . .'i)J@<9~,=!fiecy.: 1·ogging equipme1:r'<.Jws been ilnpr_~ve_d.-:_ .. Consequently, 
· · · ::: ;, :i;.:p. Il!?S't -~r 'eas, de.ad:· stands _:ma1 nqt remqin ·)ong ' enough for ·us to 
· . ·,.,·.-,d~te~e ·deter~ :oration r.ate; .. ·.. . . ·;: .. 

The ·possibtl:itfes · of an<?_thep _ .ext ens_i;e beetle · outbreak .. su'ch --~5 
,, ·. · · occurred, ,iri Engelmann . ·sortice in Color :ado .in 1942 seems:.,rather . . . 

r.eniote.- ··we.· were then e°'ogaged in Worid ·\lfar II. ·. At t:I-~t tillle ,ther~ 
'W!3l'e. virtuaily ti'o ,3.c.cess roads into t h~ deal stands an·d ma.chine_cy ·: 

, , and, me:r1 ·largely upavhilablea In other l-'ords, virtuaJ.ly .'110-thing 
.could be . done to head off t he outb reak, However, in 1952., .. qn.J.y . 
10 years .. later, an outbreak _ of th~ sa:me beet le in .-spruce o.ccurred 
in northern Idaho and western Montana·o · In a ~h.()rt time ., with 

· expen~_i~ure of ~evel;'a1 li'lillio n dollai.·s, _ acc~~s r.oads were con- · 
alr.iict 'Gd. and th e . oµtbre~-l : __ checked. · Most of t,hf timhel'. -'in tha.t 

.·., '. _: '.. area. _h_a~i;~?,~f r!-?':eem ··:•sal vag $d., . ~~-: i\l:~:ur.e otft>r'ea,~ ~in · ;nost_, . ~-f . 
·. · -- · ,::·not..:~ll, _,,,tl}.~<6ther tree specie$ -probably. c_ould lle handle _d ·in a 

·;. S:imilar .niarin~?io · · ··· 1•• 

,:;. : .. 

. . . . . ' . . . ·, ·: ·• · . 
. :;t: . 

-)._For. _tbi~~e ·:ieasons Tthirik it unw~:;e ;· .. to _.·_f ttempt :to , conduqt studies . 
=-i~ s:j;~n<i~~ lrh~:--~_oblem, as ·, I see.-it, ·1f~s in the endemic iosses 
wi:t~:ln·_,t.'~~· stands ( .. ,· ., : . .. _ _. · 

• ' '·::: ·-J 1;. _-: •. .,· •• : 

·.:):':.';··_\':: . .. . INsEc.rr,... i.oss~s-.i-/' .,_.· ·: · 
. . .·:~••.. . ' (": . 

:;. · . . . : · · . . . • .... ! : : . ·. . . ' . . . . . , · . . . .• . . . 'i . .• 

__ ,-,:,• .. / Thf? ,mos'_t,·.}l,e·s~:r:11:cti.ve si-n,~le group :-of in se,qt _s: }11rpughout the .. 
·· ;:_,: ,;J:W.cky .Mountain· :regipn i :s· bc1.rk .bee .tles :.;:~: 'l h_e next '·most des:tr .. uctive 

group {s'}the· .. dif'oi:iato.rs :) including su6.h s'p·ec:i:'esi .·spruce bud..: 
worm, -P~ii/butt.eri'J,y, . iodgep _ol'e pi:he needle mintfr, .the s'a:w flies, 
an.d tusso .ck' 'mot.~s, __ ; · · : . . . 

• ... I O :: •• 

.. -e.;: 

The _economic i.lii.port.~n.ce 9f . the problem of deterioration and los$ 
may be shown witn q. .few figures _. . Th_ the .Unitec:l.' £>tate~, according 
to the ' Forest Service, insects haite been ·the greatest -single -. .. 
cause of catastrophic foreat mortality; they have· killed · more 
timber than fire or disease. Their outbreaks . have destroyed 
more than · 52: :b.aliio:n bp_ar.c;l. ;feet of timber since 1900. ,, About 
two-fifths of -this destru ·ction occurred i n the U.S. Rockies. In 

:·:·', ... Idci.~o·and Montar:icl.., durin g the period 1911-3 5 , the mountain . pine 
. --,-: ' · l:>'eetle :._killed approxii;rifl.tely 15 bill;L~n :---board f~et of timber, of 

t 

•
1 
. • · :, • wbi¢h .only about SO riri.lliob boar.d fe :E!t: were . . sa:J.,yp.ged. In . . 

:· ;;.9010:ra.~q: t ,he Enge3:,lllann_:~p±-uce beetl e ,killed ·a.pprqximately s bil-
·\ i, _;,, lion hqc!-rd fe ·a~ .. _qf . sprue~ between 194.0 and ·1951. During thc1.t · 
·-.":-,·. ·:,i1;r~r:i.,od a~~ut. 2,~-.niillion_'__'b.e'ard feet w.ere salvaged . Sc1:ivage i _s 
.•.'fl.i:•': :-;::_~t,.µ1, in pr.ogr,ess~. ,, 

· .... : " . 
·· Loss and 

similaro 

,.. 

salvage .figurl.s. fbt the Canacu,an Rockies 
Figures were nOt.;ea dily 
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The u. S. Forest Service publication, "Timber Resources for Amer~ 
icats Future,11 reported 5 billion board feet of timber were 
ki:lled by inse ·ct.s in · the United States in 19.52; This volume 
was ma.de up of two comp.onents: first, the yearly endemic loss 
that is .distributed more or less evenly throughout the forest 
area . and that comprises probably two-thirds of the total; and 
second, the epidemic losses, which are more or less concentrated, 
comprise the remaining one-third. These proportions no doubt 
vary somewhat from year to year, but are taken here to represent 

· a fairly good average annual figure applicable either on a nation-
wide :Or regional basis. The average annual endemic, or ;I.ow level 
epidemic, beetle loss in stands of old-growth western white pine 
in __ northern Idaho and western Montana is reported to range from 
1 ~o. -5: percent of the stand. Whatever the endemic and epidemic 

. propq,r :tions may be, however, it is generally agreed that the · 
endemic iosses in the U. s. Rockies are considerable and economi.;,. . 
cally highly important. 

Timber killed by ·attacks of endemic insects is often difficuit 
or impossible to salvage, mainly because the killed trees are 
widely distributed. Following · are a few examples. In 1959 on 
the Toiyahe National Forest, 8,000 second-growth ponderosa pines . . ' 
infested with the mountain pine beetle were found scattered over · 
approximately 4,000 acres--an average of two trees per acre. 
Unless such infested trees are readily accessible for ~alvage, 
they become a total loss in a few years. Their st'\,lmpage value, 
while the trees are still sound, probably would not justify ·the · 
cost of constructing an access -road into such an area. Over the 
past 20 to 25 years in the U.S. Rockies, bark beetles have killed 
several billion board feet of Douglas-fir. Much of this has been 
endemic annual loss so scattered that often it nas not been e'conomi-.. 
cally feasible t _o salvage :it. · In 1957; Black Hills beetle · infesta~ 
tions covered a total of 56,910 acres of ponderosa pine type iri ' 
Colorado, Wyoming, and the Blac~Hills of South Dakota~ The 
estir.iated ·volume loss was 2.7 million board feet, or about 5b 
board feet per acre. Also in 1957, the Douglas-fir peetle killed 
more .than 5 milli .on board feet of Douglas-fir scattered over 32,860 
acres. in Colorado and Wy·oming, or an average of about 1.50 b~ard . 
feet per acre. ,_. 

RATE OF DETERIORATION 
, 

It is not the purpose of this paper to attempt a detailed dis-. 
cussion and literature review of the rate of deterioration of 

'i • : 

our important Rocky Mountain conifer species killed by insects. 
In fact ;; little has been published ori this subject. Much of our 
knowledge of deterioration is based upon observation and the · · 
c.pinion of individual timber operators regarding what is saivable. 
] 'or Gome -.tree species the rate is fairly rapid, while trees of a 
f.e-w other species may remain stan~in~ _ and sound for mariy years. 

; · 
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S(3,?Son cllecks ,and woodborers are the fa::::tors that first cause the 
treies .toJJec(?me unmf?rchantable for saw logs. 

Tf1~ .~ld~s .t . paper :± .;i:,o\md qn deterioration from blue stain and rot . 
in ·A.westeirn. COl'.}~·fer killed by insects was that by Von Schrenk and 
puplished. in 1903, . This involved pOnderosa pine in the Black Hills 
killed l:Jy bark beetle .s. Within a few yea1·s aft.er the trees died, 
he fourd ._the sapwood largely lost, and decay .9f the heartwood had 
star~e .a •. . '1'.his . seems to . apply generally throughout the range of 
ponderpsa .pine .in the Rocky Mountain regions. Douglas-fir is re-
ported to l ast somewhat longer, and some lodgepole pine may remain 
standing and sound for 20 years or more. Engelmann spruce in 
southern Utah, killed by a bark beetle invasion of the stands that 
started b·etween 1916 and 19],8, is stil l being salvaged. Present 
indications are that the beetle-killed Engelmann spruce in Colorado 
may not remain standing and .·sound quite as long as the Utah · spruce . 
In southern Idaho, ·on· the Payette National Forest, this sarrie speoies 
of spruce killed .by beetles . deteriorates considerably from decay 
in 4 or 5 years, but the elavation of these stands is very much 
lower than that of the Utah and Colorado stands. . I do not ' .believe . 
that the deterioration rate of our insect-killed stands ·is th e · 
basic prob le m. 

SALVAGE OF· DEAD TREES 

The ecbnomic - impo~tance of · dead timber · in the Rocky Mountai ns 
has tong been recognized. · .U.S. Forest Service ·circular 113, en-
titled "Use of Dead Timber in the National Forests," was published 
in 1907. While the study was centered largely in Colorado and 
dealt ma:inly with fire-kil'.!,ed timber, insect-killed timber was 
also copsi4~red. Two-results of the study were stressed: (1) 
that sound 4ead ti~ber . is valuable, and (2) that although widely 
used in _ $.Orne locali.ties, it was regarded as :worthless in ·others. 
Today dead .timber i ,¢·: utilized to a much gr .eater extent than it . 
was 30 or : 46 years a_go • . -Pr ejudice at one time against · certain 
tree specie?, _so-called 11weed trees / 1 hRs · greatly decrease -d; there · 
are many more acce .ss _ roads . into t;imber stands t ·han formerly; and 
modern logging equipment greatly facilitates ·salvage. When nec-
essary, . access re .ads . can· now be qui ckly .built. 

. . , 
There is no question tha~G ex;t_ensive and serious insect outbreaks ' 
cause heavy losses, and ma;1y problems 'remain to be solved. · How•· 
ever; it seems evident that tpese losses will in time -be greatly 
reduced by various ·means inc:J,.uding provision of more access 
roads, better o:r; improved :i,.nse'ct control .·methods designed : to 
prevent outbreaks; added mill capacit y to utilize more of the 
dead timber; increased demands for its use in lumber, pulp; ' and · 
other produ0ts. Furthermore, the epidemic outbreaks and re• .. 
sultant kill of timber _ often destroy enti:re stands, and thus the 
dead trees are largely concentrated and much more accessible to 
salvage than scattered indi7duals killed by endemic insects • 
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Metcalf, who accumulated information on t'he importance and causes 
of timber mortality in eastern Montana forests, expects mortality 
losses to decrease as utilization increases and as more intensive 
management becomes economica ll y feasible. · Demands for dead ·tim-
ber come not only from the large operator , but also from thousands 
of . persons who each utilize relatively _small quantities . of it for 
various purposes. As an example of the latter, during Fiscai . . · 
Year 1960 in Region 4 of the U.S. Forest Service, 6,400 per$ons . 
obtained more than 10½ million board feet of dead timber by .niecJ.I1s 
o.f: "free u'se 11 permits. Salvage is only one part of this largE; .· 
and complex problem. · 

ENDEMIC .LOSSES--THE REAL PROBLEM 

It was previously mentioned t hat the yearly endemic insect losse ·~; 
which are fa .irly evenly distributed throughout the forest, com~ . 
prise about two••thirds of the total loss. It is my belief that 
thes .e losses, if not reduced, will further increase in importance; 
considerable evid ence appears to indicate this trend. Much · .' 
needs yet to be learned about the causes of these losses, and · 
particularly the chain of events that may lead to them. One 
rather commonly sees in print statements about existence of 
interrel ationsh ips between irisects and fungi, but very little on 
the nature of these interrelationships has been published. It 
probably would take a very long time to work them out. Perhaps 
it would be simpler if we tackled the ·problems of end.emic -lOSSl:JS., 
by first learning . more about their · primary · causes. Then we. may -be 
better equipped · to reduce or prevent the losses. · · 

I have rather connnonly he.ard foresters r emark, "There ts another 
bug Tree!" as they pointed ;to a distant dead tree con~picuous '. · 
by its red foliage. For pathologists it _has riot b ee n that . simple 
to d.etermine the ca.use of death of a tree ·. Except . for a tree . · 
obviously killed by lightning, f .or example, we usually have had 
to make. a -closeup ·examination, aided often by a?_grub1 hoe, shovel, 
and .axe. Even then . we have not always been sure of the cause ·:or · 
causes of death. Bark beetles · often ·attack ·tre~s weakened from · 
various ca~ses among which are -fungus attack, drought, cold, · 
logging injury, and fire damage. Windfalls are another favorite 
breeding medium for many species of bark beetles. Many otl't-
breaks, such as the Engelmann spruce beetle attack in Colo.rad.o, . 
can be traced to this cause. It seems well established that · . 
root rot .s pr~dispose trees to windthrow. I haye often .had .a 
recently fallen tree pointed out to me as simply a . windth row. 
Close examination of many such trees revealed few und~cayed roots • . 
It took little wind, if any, to .topple a tree whose root system 
was so generally -decayed. ~·. 

How important are root rots in our forests, and what is known about 
them? The U,S. Forest Service publication,' "Timber Rescmrces · for . ·1 
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America I s Future, 11 mentions only one such r ot, the Douglas-fir 
r oot rot Poria weirii. Considerab le is known today- about this 
pathogen, possibly mqre than is known about any of our other 
common root -rot ,fungiJ because it has been so destructive in 
.recent years. I can think of no reason why some of our other 
r bot rot fungi • may not behave similarly some day, i.e., become 
epidemic. We do not know yet what causes a native organism of 
this kind , to flare up after years bf quiescence. · 

It has long been recognized that a root rot problem exitts in 
the Rocky Mountain area. In . 1918, Hubert published a paper 
dealing ,.,with fungi as contrib utory causes to windfall of coni-
fers in ·: Idaho and · Montana. _---~,He·-found root rots in --a .high percent-
_age of down trees, and poin:t,ed out that it was generally recognized 
then that windfalls are breeding places fo r insects. To my 
knowledge, however, no intens.ive studies have yet been conducted 
in the Rocky Mountain area -on this subject, particularly for the 
purpose of determining the iplportance · of ·root rots to windfall 
and the extent to which the down trees . contribute to · beetle 
losses. 

Etheridge, who studied decay of · subalpine spruce on the Rocky 
Mountain Forest Resea1.ve in Alberta, - reported that t he root and . . 

_ butt rots were re~ponsible for near'ly half · of the ·totai ·number·:···~-
of rot infections encountered . H~ also noted th at the .real im-
portance of these basal rots lies not in the .actual volume :of 
decayed wood, but in the structural weakening they cause; it 
often results in appreciable windthrow of infected trees. 

Nordin's paper on heart rots in -relation to the management of 
spruce in Alberta, reported that ·-62 percent of the total infec-
tions recorded -for boreal .spruce and ,48 -percent for -subalpine 
spruce were ,ro·ot rots. 

Gratkowski · studied windthrow in old-growth Douglas .-fir in the 
. Pacifi .c Northwest and found that root rots . were by far the most 

importc!,!lt factor predisposing such _t,rees to windthrow. These 
findings probably can be -applied to Douglas-fir in the Rockies. · 
According _to Redmond, besides causing a high volume of cull in 
living balsam, firs, butt rots through weakening ro ots and butts 
contribute gr _eatly to a large amount of'. windfall. A trtorough 
search of the literature for similar information was not attempted. 
The· examples cited here should suffice -for our purposes. My own 
findings, which are based on observations made on root = rots and 
windfall of conife r s in the U.S. Rockies, are in accord with the 
published information .. One striking example in my experience 

. was _ ,the abundant evidence of root rot in windthrown trees present . 
in the Engeimann spruce stands in Colorado destroyed by ·bark 
beetles during the outb r ea~ that started in 1942. ; 
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FUNGI· CAUSING Roar AND BUTT RorS 

The available literature indicates that many species of root ··rot 
fungi are present in Rocky Mountain conifers • . Also, some of these 
rots are caused ·by species of · fungi that have not yet been · identi-
fied. others have not yet been studied or identified. One ex-
ample of the · latter is a very common and destructive root rot . 
organism present in ·subalpine fir in Region 4 and probably else-
where • . 

We know from observations and , a limited number of studi'es ,_; most . 
of which are preliminary, that Polyporus circinatus is widespread 
in Engelmann spruce in the U.S. Rockies. It also attacks other . 
conifers here, inciuding subalpine fir, ponderosa pine, and lodge~ 
pole pine. I doubt if all ·of its hosts are yet known. Back about 
1944 I found the ro"ot and butt rot fungus Pol;y:porus b<g_sameus 
in Engelmann spruce in Colorado and subalpine fir in Utah. Prior 
to that time, the pathogen was not known on either of these host~ . 
or west of Minnesota. We know practically nothing about its 
distribution and prevalence here simply because it has never been 
studied. 

Armillaria mellea and Fornes annosus are widespread in the U.S. 
Rockies '·oi1 several different conifer hosts. In this a rea · since 
1942, · I ·have encountered these two fungi on numerous ocdasions _ •. 
Many more · species could be added to these few rot organisms 
mentioned above. To list them all here is not essentia l to this 
discussion. 

SOME PROBLEMS .IN CUTOVER STANIS 
Evidence indicates that the same or similar mortality ·and loss 
problems that occur in undisturbEd or virgin stands are also · 
present in cutover stands. For comparative purposes here, the 
results of Metcalf ts · stucues · are presented to illustrate c_ondi-
tiorfo in undisturbed stands. In commercial forests of eastern 
Montana he found causes · for only 4:5· percent · of the mortality 
losses encountered. Nineteen percent of this loss was attributed · 
to insects, 11 percent to wind~ ' and 15 percent was assigned to . · 
various ' other causes. The remaining 55 percent of the total . loss 
was listed as "unclassified." In othe r words, . Metcalf . wa~ u~abl~ 
to · deterinine what caused the death of more than half of the trees 
examined. This loss situation is very similar . in cutover s_ta~ds, -. 
as will ·be showr:i here~ · · 

Watt, who· studied causes of mortality in second -growth western 
white p·ine, · attributed 45 percent of t _he t _btal board foot volu me 
lo st to •wind · and sn9w, 19 percent to insects, · and _ 19 percent to 
unknown c_auses. In cutover stands of ·ponderosa. pine iri Ariz ~na, 
Pearson found that mortality was an important factor in yield, He 
reported that wind and insects lere responsible for a high percentage , 
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of the losses . The causes of a significant percentage of the 
total loss were listed as "uncl assif i ed. 11 I spent some time 
with Pearson at Fort Valley and found not only Fomes annosus 
but also two othe r species of r oot rot fungi present in the 
.stands . He had not r ecogniz ed any of these. On certain cutover 
experimental plots in Idaho, over a period of 17 years , mortality 
in the residual trees was so heavy as to result in a minus in-
crement in volume production. About 85 percent of the mortality 
had been assigned to bark beetles. However, I found abundant 
evidence ind icating that Fornes annosus was the primary cause of 
practically a.11 thj_s mor ta li ty and loss. I also found that bark 
beetles had produced broods in SOP!e of the diseased t re es and 
that they had emerged therefrom and successfully attacked nearby 
healthy trees. 

On. the Cache National Forest in northern Utah, mortality in 
cutover spruce stanqs has been very heavy and has been caused 
mainly by wi ndthrow of trees whose root systems were largely 
destroyed by rot fungi. Mortality in subalpine fir in the same · 
stands, and also in adjacent uncut .stands, is considerably 
greater . than in the spruce. Root rots are very destructive in 
subalpine fir, arid evidence of bark beetles is common. The 
interrelationships between the two, if any, have never been 
investigated. 

.Hubert and Ehrlich, working independently, probably have de-
voted more time and effort to studying root rots of conifers 
in the U.S. Rockies than any other researchers. Their work was 
centered in the western white pine type. They have made signi-
ficant contributions to our kr!owledge of these organisms, but_ 
also pointed out that much specific information about them was 
still lacking. 

Will present-day logging methods complicate and add to the 
general problem? 

Selective cutting often results in much damage to roots and the 
lower bole through scarring of the residual trees, and it is 
well known that scars provide avenues of entrance for decay-
producing fungi. A few studies have been made in such stands. 
Two examples from the Rocky Mountain area are cited hepe for 
illustrative purposes. (1) Parker and Johnson studied decay 
associated with logging injury to spruce and balsam fir in 
the Prince George Region of British Columbia. Root and butt 
scars were found to be very common. Fifteen years after l ogging , 
in both the spruce and fir, essentially all root and gr ound-
contact scars were infected with decay fungi. - (2) Olson in-
vestigated underground -damage from logging in the western white 
pine type. Modern methods of logging had caused much.damage to 
the roots of residual trees. Olson mentioned that it is not 
known what effect this root damage will have on these trees, 
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but pointed out that hardly . anything worse could be done to invite 
infection from root diseases. 

We are now leaving maiiy cutover stands full ·of injured and dis-
eased trees. In such a condition 1 how much of a fut ure cut can : we •.: 
expect from them? I believe it poss ib le that both our problems .;,:·. 
and losses can increase in cutover stands in the future. 

CONTROL .. 

What are some .. of the possibilities of reducing the lo sses dis-
cussed her e? · As I see it, salvage before deterioration ·of 
insect-killed timber is at the u:timate end of the problem. 
Can anything be accomplished by starting at the other end , i.e., 
with the root diseases? Evidently, we have much yet to learn 
about th'e :many root rot fungi present in 0ur stands. Armilla.ria 
mellea, w:e"know, is widespread and probab ly is ·present ·to some 
degree in almost all the conifer species in the -Rocky Mountain 
area. It is especially prevalent in the white pine type. The 
relativ~ aggressiv~ness and virulence of this fungus have not 
been determined, and much other specific information regarding 
it is still lacking. I doubt if it is doing ' any ·: good · in "' these 
stands. Fomes annosus is another root rot organism with a ·known·' 
wide range in the West. It is becoming of increasing importance, . 
particularly irr , ·plantations and managed stands in the Unit ·ed States. 
The two £ung1 live not ·only ·as parasites but also as saprophytes. 
Following cutting ··.in a stand/the .. sti.nnps , · ro ot systems, and -per-
haps other dead material · provide added host material for the· 
fungi. Little is known about polyporus circinatus other tha ·n it 
has been found on several hosts and t ·hat it ·, is a common root · 
pathogen of Engelmann spruce in sonie stands. In addition to these · 
three fungi, many other sp ecies pave been reported on Rocky Moun-
tain conifers. It would be a tremendous and very lon g-t i.me task 
to study ail of these organisms intensively and to determine the 
relation of root infection of each, if any, to beetl~ attack of 
infected trees. Under the great diversity of elevation, clim~te, 
and other : environmental condit 'ions · to be found over the Rocky 
Mountain area, such a study staggers my imagination. 

Years ago the word "sanit ation" appeared rather commonly i11 
fores ·t pathological liter ature. For some time · now, however, · • 
forest sanitation as a means of disease control and loss re-
duction Seems largely to have been forgotten~ I believe th;g,t . 
we should again consider its · possib ilit ies. FiI'e was advo cated ,· 
as a sanitation method long ago. Recommendations were ·that iii'- · · 
fected and infectious c1:lll material and slash be destroyed by ·=· 
burning. · I have · found noth ing in 't he :',li t.era:ture • indica.tiing ".t'ha:t 
this method was proved · effective or. even thoroughly t ·estedi ,,. · 
Should we·· seriously consider it again? One occasionally hears 
remarks tod ay reg ardi ng the possibilities of using fire as a I . 
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'rllanagement ·tooi. . . Not long ago I asked a .well"".'known silvicu .lturist 
if ·we were creating problems .for curselves by putting out fires. 
Without hesitation he replied: ." I know that we arel 11 

Chemicals may be a new tool that will simplify our task and pro-
vide thE;J answers to many ot our problems. The British have ob-
tained. 'good prote~tion against 'E_~es annosu~ by treating stumps 
with coal-tar c·reosote immediately after felling a tree. The 
creosote prevents invasion by F. annosus but permits colonization 
of the sturilps b;y' other fungi antagonistic to it, .. 'l'he ,·resuits ~bf .. 
preliminary tests with antibiotics on Armillaria meilea and 
Fornes annosus are encouraging. These materials, .. therefore:, 
p.robably should be · thoroughly tested. · · 

The entomologists may _solve the relat~d insect .problem by using 
new t99.ls ,),ri ·ina _ec:t c.ontroi. Atomic resear:, _ch .piay pave the way. 
Radio:j.:so:t,op°~s h,av(3:·been . u s~.4 to control th~ .: iscrewworm .fly. 
Expdsing 'the larvae of this insect · to small doses of gamma rays 
emitted by radioisotopes resulted in adult flies that could not 
reproquce .. : The male flies resultipg from treatments with gamma· 

. rays were released , iJi. natura :l populations~ Thus sterile males 
competed with normal maies, and since f emales mate but once the 
result was. a decrease ;in progeny. 

• • ' I • • 

Continued and increased · teamwork by entomologists · '.and path _olo-
gists will be called for to reduce the tremendous · losses now 
caused by insects and disease. . To this : team I would add the 
chemists. I bE;ilieve that the methods of control suggested here 
should all be given .a good trial. · We must look to the future. 
If we can reduce root rot losses in managed stands, we pro- · 
bab;I.y will in ·turn re.duce the: insect losses. Thus, the problem 
of deterioration of insect-ki-lled timber should become much 
less important than it is today. Healthy stands should be · 
productive stands. 

• • i 
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THE. DETERIORATION OF DEAD STANDING TREE°S .KIL):,ED BY .DISEASE . . 
. R •. E. F-oster .. . .,.·.· 

My terms of :refe?'.'ence encompass the deterioratio11 of dead standing 
trees killed · by _pathological or physiological ag·ents. :My c·onnni t-
ment to review previo\js work in these fields has ·been an· easy .on~ 
to fuli.il - since the iiter~ture has proven to be virtually non -
existent. Apart from the .contributions .of Baxter and Gill (1) 

_ on Endothia-killed chestnut ., of Spaulding and Bratton .(2) on 
glaze ·storm damage to hardwoods in central New York, and of 
Thomas and Craig (3) .-.on Douglas fir in south-central British . 
Columbia: · it ~ppears :that forest -pathologists have devoted -little 
or no ·attention to the cla~ses of deterioration mentioned. · 

Why should th:i,s be? -Has it been concluded that forest ,.-pathogeris 
do not -kill trees ., .or that -trees do not die f:rom sunnner heat, · 
winter cold., _:drought, .floodt~g, atmqspheric pollution, or ~roin 
sudden exposure follo~ng partial cutting? Certainiy not. ·Any 
such conclusion would be inconsistent with our observations and 
with factualYfecords. Why then have the two fields been virtu-
ally ignored? I suggest that 5-everal .. factors -have. beE:l} operative. 

In th~ :firs:t place, although large numbers of tr .e.es may be . 
kilied simultaneously by these agents over ext ;epsive areas, . the 
patterns of mortality are generally quite diffei·ent from those 
9¥-Perien.ced f_pllowing fire or in .sect . attack. , Mor~ality may . be 
restricted to . individual trees- .-randomly _distriputed witl1in a 
forest or may be confined to g:rnups of, trees si _tuated under 
particular environmental conditions. Thel?e patterns of individ-
.ua_l- t:ree and group killing ha.v,e seldom ar01JSed much concern on . 
the pa:rt of the fore st owner or man.ager, few attempts have been 
made to evaluate the extent of damage, and the economic oasis 
for investigation has thus been lacki~g. 

In the s~cond place our intensity of ·.forest management has .·not 
reached the stage where we can economically salvage isolated 
trees : or small group~ of trees in the -forest. Studies of the 
det'?rio:ration of trees k:Llled by disease are thus large }y of 
academic interest at the present time • . 

In the third place it may be difficult to determine the cause 
of death of a tree. Trees weakened by · one agent become sus-
ceptible to attack by other agents and _ a large and complex 
group of organisms may-:b~~ome established following death. 
This situation is not unique to, but appears to be . more pro-
nounced within, the classes of deterioration under review. / 
Mortality brought about .by fire or inse ct attack is generally 
recognizable . as to cause for an exte nded period after death, · 
even though secondary at~ack,ay follow. ~ptoms ot disease, 
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however, are often masked or confounded following second ary in- . 
vation • . ' . Physiolog;ical agents, moreover; may bring about tree · 
mortality through reason of their relative degree of deficiency or 
excess, and a quite different set of circumstances may be present 
at a later date, thus complicating diagnosis, 

F:inally, it is appreciated that adjacent trees may differ in their 
susceptibility to attack and that mortality will . not necessarily · · 
occur _simultaneously, even within a relatively small group of 
trees. _ This extension of mortality over a period of time compli- • 
cates sampling in that special study may be required to establish , 
the time scale for progressi v e deterioration. · 

Although the position has .been taken that there may be little 
ec ,onomic justification today for study of the deterioration of 
disease-killed trees, trends · towards better access to and the 
more intensive management of certain of our forested areas suggest 
that studies of this n.ature . may warrant early attention. In the 
interim it may· be appropriate to investigate techniques and to 
explore problems that . may expedite our future progress in this 
field. T_he following stu-dies are sugges _ted : 

1. .Definition of the specific symptoms associ-at _ed. with the 

2. 

3. 

di -ff-erent .causes of· tree mortality. .-· . 

Additional year of death, and if possible season of death, 
dating - techniques. 

Study of the change.s in the physical and chemical properties : 
of wood that may ' result from rapid death as c·ompared to 
deatp following a gra<iual decline. 

4. Study of the differences that ,may develop in the rate or ··pat- . 
. tern of deterioration as the result of two or more agents . t' 
acting together or in sequence. ,. 

5. Appraisal of the effect of season of death on the subsequent 
rate or pattern of deterioration. 

I can llold no as~~rance that this list is complete. - Preliminary · 
excursi9ns into the field will undoubtedly indicate addit,J..onal -. -
problems that warrant attention . 
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DETERIORATION OF FELLED.TIMBER; 
AND TfMBER PRODUCTS-- -
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··.· .. ·::•, . . ::_:·: > 
> Fungu·s Succession a1:.d the Significance of -Env:i;ronrnent 

in the Dete~ior ation of Logs 

.. · ... Keith R. SheaY 

.~r~irt~ i·o:r, wood-inhabiting · fungi ·requires su:i,.~8:ble _substratum, 
__ .... , .. tempe:ra,t)..ir~, mot stui:e, oxygen and J,ight. .ThEjl~.fungi obtain . their 

·-·'j?~sio~o~i~~l ._.requirements such as carbopydrates; _ ::ni!rClgen, .:9-nd 
.1;n~neral~ ,.i.'r9.Ul ••th~ sub~~ratum. Optimum J~I?er~tur,e .1:1:es __ b.etw~~n 
-25° and :300. ·c .• "for I))pst wood-d.estroyi:qg . :f.ungi. _In .genera:i,, w9od 
moisture contents rarig:i.ng from JS to ·so P:~rcent are mo.st fav:.qr-
able for growth. Below 20 percent moisture content, wood usually 
is 13aie from attack provided it is not . alrep.dy -i:nvaded. ,Qx:ygen is 
r~Q~ireq. for 're sp~r.aUori by which the . fungi obta:i,n thetf .. ¢.i,ij3rgy. 

·._AJ,\ljqugli_,"fung.:i, .:yary ·greatly · in th~r sensiti.y;i:j;y to light~ -.~t .. · 
,, ;~~ri4f.to·: .. r~tar.d growth and int en s:i,ty th~ ·color of t}:le_. ·mycei:i..a. ,. , -.... .... >. . .. . . .. . . 

Fun~tlt ' successiori irl logs has not been investigated eittensive-
J:y ~: .. :trj ·geiier ·a1, . tl,le pattern .of succession is as fqliows: . Blue-

·,·staining :;organisms invade · the logs often in conjunction with '_. 
irisect attacks, followed by sap rot .fungi more or 1·ess · re 'st'I'i<:-
t'ed to the sapwood; and 'ias _t the heart fot fungi ' • . _Some fungi 
such as ·-'P9lyporus a.bietinus are _restri6iied more· or less ~o the 
sapwood·. Others, ·for ·example Fornes p:i-nicola?..may , attac~ 'both 

·· sapw6od ·and hea·rtwood, whereas F. officinalis commonly .. :is con._ 
fined to the heartwood . - - . . . . ' . 

::flates of deterioration appear to be conditioned by factors .such 
: as tree . speci~s, .. size of material; density ,of wood, and external 
and internal · environment. . Moistu;re content appears to'be the . 
most important ·,individual ·envirorn:nental • factor. · .It is apparent, 
however,- that much additional ·research ·is .-needed .to ·classify -the 
significance . of environment on the deterioration of logs. 

--,.....---------,-------.---'--------------------.·· 'Ji Abstracted from: Shea, ; ·K; R. 1-960. Fungus succession and 
the significance of- environment in th .e deterioration of logs. ,, 
Weyerha-euser Co· . . , Forestry Resea r ch .;.N-ot ·e 30.- · · ·.-
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LOOGING DAMAGE AS A_.FACTOR IN DEI'ER!ORA'ftON ---• 
.. . .. ~. 

G. W. Wallis . ? : -.,,· ·.~ 
. . ~. '.[ 

With ·su·stainect · yield management·; ·partia.l c'i.ltting-i ·s· rec·ognized as 
a desi~a.ble fores try practice f or many of our timber species. It 
allows f o.;r p$r iodic removal.of .ne .t _growth and mortality , and for 
improvement of lo g qualit y, .ultimat .ely pr ovidin g a well-stocked. 
forest. Partial cutting, however, inevitably r esu lts in injury 
t o the re sidua l cro p~ , It is with thesei injuries that the mill 
manager and pa thologist . alike niust be concerned, for as well as 
the dire ct l oss in merch,mtaple volume from .the mere ,presence of 
the injuries they af;f.'ord ·a..11 ·entr .a:qce· court for wood-destroying ~n~. . . .. 

Scarring of the trurJk and.· roots , broken branches and tops, sun-
·scald, . weakening of residl!al trees _ as a resuJ.;t 9f adverse en~ , 
virontriental changes, anci wi1idth.:r:ow a.re .the m.o'st common maladies 
·arising out of pc1,_i .t·tal c:ut/ting; '· .,Numerous ·st.ti.dies have . been under-
taken . on conifer.ou:s ~nd qE:l:c:i,c;luous' species to cletermine if. these 

-injuries serve as .$n'tr .an,cf 'r>9i1:-1JsJ'or WO?<l_,d~paying fun gi, only 
a few of which ne .~d be meriti.ciri$d.·,here ?Y ·way of. outlining the 

··damage which l'Jl,af .arise • . ,; ,. . .. .. •,·. . - ,.:: . -· . . · . . 

Wagener and Day'.i,As6iS.:·.(l,9)°r.~\i:i~vL .the top ic j '.o 19$4 in thei~ 
dissertat'ion .on :t;he h$'a'.r'\; rots ·.in -living .~tr ·eiis~ In the first -
year . followin g scarring ,7'-·deteripratio.n, · iJ p'.re·sent, is confined 
ma:inly to the incip:i.ent' stage. ,·Deductions ·in lumber cut at this 
time _ arise pr .imari,ly . ,as a re .sul t of d~gr.ade ibeca,v se of . stain 

. .x;~{4er.. t .han f.ro:m a, reduction in wood volu .me.'..~ Lq_ss . in materia;I. 
to be used for :pulp :wo1,1lcl. ·generally be negl;ig:iJ~le; €;x:cep~ •in .the 

.. grqund wood. p:r9ce,ss _'.whi;cr1 requires a raw material :,;;f'r..:~e·.-·of • con-
taminating st~in .!3, -• Hesterherg (l0) ~ound ,t qq.t, d<?.f-:e.cts .,,traced 
to earlier lo gging of • .. sµgar maple resulted •i.P c~:·~P:r.~ c\:·sEt ,,of. . . 5 
percent . in ~e]..ect an d 8 percent in comriion- i'frad~ s. ,9:,f;:'lupiber .. ·, A 
continued inc:i:'ease ··Tn trµ·s production of low ··gr..a-d~ m.~t-erial ·,: he 
believed, ·would eventuall y .. Tead to a reduction -in t.11e market; 

,Thirty.;;five to 50 per ·cent ':of a residu ·al stand ·m~y'.be· inj'ure ·ci·in 
: ··poorly mariaged . selective cuttin gs :-·(Wright;· 'Rhoads' 'arid 1T~sac (-21), 

Englerth and Isaac · (7}) . ·.Fungt :·entering thfouiffr' '.sc~·r 's ha\re ~been 
·re ·spohsible ior t he de structio n ·of ·20 - .90 pe:fderi't.: 'df -the volume 
of these · stands ~ . The : variation in ·1oss has heen· attributed to 
a number ·of factors. Sriia:11 scars, l e·ss than ·I40 - 150 square 
inches, were less frequently infected (Wright and Isaac (20), 

.. P.ar.ker ... (l .2)) .and . scars. in .con.tact with the .. soil .w.er.e. more. likely 
to •be invaded by fun gi than injurj .es furthet up -the trunk (Par}{er 

. ·;(u.2) , Wri ght ,·-and ·I saac (20 )") •· -1'he latter authot's found no con-
sistent relationship between ·'scar age an d presence of decay. 

· ·ra:rker ·, ··on· the ····otlHfr .. hana ;·· -round that · 5.;..year~o1d··sc·ar s ha d con-
sistently fewer fungal infection/ than those 15-years-ol d, 
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,·D.ecay:.wa.s_;U~ually more frequent in .. tr .ees ·with deep as compare.d 
)wi tn .shallow scars. Stte appea,r .~.q-· .f.iq:~.ave _little effect on :t,h,e 
.. incidence _of attack, trees o~.,large;r, , diamet.,er, however , had .. ~ : 
Jµgher level of infection •. : Wright , anc( Isaac .(20) recor:ded . that 

... the J;.eveJ. of int'ection of hemlock .. ori the coast was l~ss than that 
, :j,n .the Ipte .rior. :No .consistent · difference . could be found by -
_:13uck1and:,. F.oster and Nordin (4) in the . yolume lost thr.ough d~:cay 
between fD.;.st"".' q.nd slow~growing trees. :. · 

,.· :-·-·B~~nch s}:uh·s, -i,1hether arisipg ·from fa~J.ing trees or from prutj .;i.ng, 
- · ·nr~y act-···et·s avenues oi' entrance · for fuI'lgi. · ·Childs and Wright (5) 

belie ved that serious damage from . heart rots, following :: pruning 
.. 4,p_ young . Douglas fir , was not likely to occur. 'rhey found, ,._Jow-
e.v~r, .that trees pruned in the spring were more vulnerable i;,o . 
fungal _attack tha:o those pruned. in the fall. -Sleeth (16) found 
fung ;i..· fruit~_ng cormHonly on .olc:i pr~i:tig wounds of white pine. _. 
Broken branch stubs were ob.served by Boyce (3), and Thomas ·and. 
Th~~ rs (lt\.) -,to .b~ importa:r.:it,. a.s entrance points for . heart , :i-o:t;.~n 
Douglafl rir .. . . . . . : ·:\J\r 
Sun.scald has been shown to be more prevalent in a stand foliow-
ing ·.thinnfog (Ri ley(l..3), SteinJi7-), Wright and Isaac (20))" •. ;.,:,.The 
ab;i.lity of fungi tQ .enter a tree by . way of this dj,sorder n~s .. . 
been recor<;1_e·4 OJ1. a number of occasions. Broken tops, simila .z:ly, 
have been shown to act as effective entrance points for wood-
destroy;Lng fungi.. Decrease in mechanical strength .be.cause of . 
tne . combined effects of scar ~~jury and :woody tissue decayed .by 
fungi, were considered by l'J:ordin (11) , to contribute to pre- .. 
matur,e l:?,reakage and wi11dt~o:w:: .resulting -· in losses of the vo:J,.upie ··t,·t ~, ' J. .. ... . . . . . 

}#: en; ·,,irees. ,. .. .. . _ . . 
,.._ _-.. • I • : t j • '. • ," '• 

~he -fungi most commonly assoc~ated with damage .. in ,the Northwest 
varies with the host species, region, type of ·injury, etc. 
Ster .emn sa11guinolentum, S. Chailletii, Polyporu!:l abietinus, .. 
Fomes P.inicol~, !:'..· pJEi,-E,." annosus, Polypo!.£§_ schweinitzii and 
Annillaria mellea are among the most commonly listed as causing 
g,~age follow.ing scarring of western hemlock., spruqe, balsam and 
Doug';J .. a.s, fir • . . . ·-· 

Tb,e ... -f3:b:ove examples indicate the volume : of. _work which has been . 
done· ·on· logging injuries in livin g . tree -s and. s,ome of th _e com_:..;. 
plexities which may arj_se in relation to ensuing infec?.ion by 
decay-producin g .fungi. . Howe:vE;)r, when we come. to the topic p.t 
~nd; namely,"· the effects of th e. _fungi which originated in .t,he 
living 'tree . 'on the deterioration of material after it is on the 
ground. we find a consider able dirth in knowledge. Workers 

.. ,e:x;aminirig scars have limi te,~ 1:ihemselves \ p,,a ., st;µdy of organ.isms 
,in th e livi!1g tree, while tiho~e cond.ucti .ng· studies of wind- , : 
thrown t.rees take up ·a:fter .th ·~ 'tree _ i~ d..ovm, seldom making m·ore 
than .a. pa~sin g . refer.enge. . to f ~;qgi ·pr _e:sepfpricir . to this time • . 

· :-. 
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Roff (J .. h) ,:stat•es that pieces of logging r-esidue which c·onta:ined 
· decay prior. to. felling ·viere found generally to deteriorate at ·a 
faster. ra:t;e ~th&Ii .ma;teria.l which. was originally sound.. Roff and 
·Eades (15) rec6rded a, more rapid deterioration of logging re•si-

. due in the first three tc four years in that material containing 
fungi prio:r· to cutting,; but after five years this tendency be-

., ·came mask ed . Several fungi tha.t wer·e present in the living tree 
were · responsible for deterioration of the res idue. Of these; · 

pini.£91.8:. and t,2~ !!1.2E.8.9.oJ&. wer e most, prominent but Stereum 
"':~ngui_l}_~ntu_l]!., E91-~~s §!:?.i~tirus, !:• yeE.£221£!., subacida 
; :and ~ill~a !!!,~;)}~~ were ali::o: YJoted, 

•.;, ·· 

---Basham (1), and Basham and Belyea (2) r ecorded a pronounced in-
crease in the rat,e of ·heart rot attack afte:r- a tree was killed · 
by · insects or fire ,fcir ,.the first fou r to five years . · Parker :• : 

" (12), in a study of scar damage to spruce and balsam in the .· 
Prince George reg:ior J .·of British Columbia~· noted that Stereurn ·,c:• 
sanguinolentum and: S. · chailletii were responsible for a major ': ' 
portion ofthe ' decay recorded-:---Engelh2.rdt (6) in studying . . . 
windthrow deterioration in the same species a.nd ge11eral region 
found S. sanguinolentmn ·c:Jf major and S. chailletii of · moderate 
importance as d.eter.iorati:ng fungi. Results of the study ~ which 
commenced three years following windthrow , showed no s:i.gnifi- · 
cant inc r ease in: heart rot · from the third to the tenth year. 

With an increase in selective logging we can expect greater 
damage to residual · stands than was formerly the case · with un~ 
managed forests. Thinning can, however, only be deemed a · 
desirable' practice if the. final products obtained are such 
that the quality and quantity exceed that which would have been 
manufactured had the forest been left untouched. Defects aris-
ing fl"o:m injuries, could conceivably result in reducing values 
below an economic level, both from ,the progress of decay in· 
livii::ig. trees an.4 from . a more rapid '.).dv:anc~ Qf primary decay · ih'., 
dowr:i. _t,ree~~ · 

Many suggestions have been made for · improving management prac-
tices so as to reduce the damage in residual crops. However, 
much information is still required on many aspects of the 
morphology and ecology of fungi shown to be capable of infec-
ting ·trees weakened · by· logging . 

/# ' 
Some · sp·ecies · of fungi t ·hat ~re capable of entering a few tree ·· 
species through· logging · injuries are now known. · This - list needs 
to be extended. · ·· · · 

:Knowledge on the morphology, host specificity; infection :-poten-
tial, rate · . . of spread, . etc. of moHt of these fungi is completely 
"lacking • . Time<of spor ,e production and method 'of dissemination· 
in relati 'o:n' to ii'1fectio11 · could be a g1•eat aid to foresters it { · 
adjusting thinning schedules. 
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The age at, .v,:pi_.cn_. tree ,~.:,become .,spsceptible ,, .:,f-P9 t}1-e ,.yigour of ~ 1. ,. __ ,, 
host in r~)l~~ion _ to ci,t:t _aq1< needs . tp ._ ?f.l exarnlne ,a.: _ ·. For.'. inf!tanrie·;· .· . , ... 
frost cracks may have created an entrance ,ipoinY for _._.{urigf in,_'.;· 
western hemlock which in turn lead to heavy darriage over · ext'eri- ' 
sive area~_-:(~,oste:r, ~n,q Cr.ai g (~)) . . , . ; .. :: .. _, 

Some fungi app~_ar t o be confine .l t "o• the · heartwood, - '.~hil~ ·\, th~rs 
develop in sapwood and heartwood, teadily entering . ·s,c_ar _s. . ··• 
Factors of the host and/or fungus leading to this phenomena . 
are as yet u.nJw,9.wn •.. 

The use 'or" chemical~ -~~- wound protectants is n~t"-; 'e·c;-eivi~g 'the 
attention :-tha,t it should • . -: 

Little ha; .be~ done to ascertain the rate of " deterioration .of 
wind.thrown-. -t.imber.-. '.which contain _~d wood decaying fungi :prior ·,::, . 
to cutting as compared with ground material. 

Hepting and .. Chapmq.Il. (9). ,conducted a study to determine _financial 
losses froni .. 4,ecay :Ln lobiolly .pine.- LittlEJ _h,as :~~~n -.,~?ne in . '. :-,-; 
this regard in the Northwest. ,-- -

Foresters may .be .in ;a -p9sition .to recommend proqedu?;'es :-which ·,_. . .., . 
will redu9e 1-;i.njurie~ in .. a stand .followin~ part:ial ,6,itting. _·_~u~ .. ;:-i 
~t present we can not conceive of them eliminating this imala~y.. 
Pathologists, therefore, can expect to be called upon to provide 
more infoI'll!ation on decay fungi __ entering thr .c;mgh_ tn~se wounds •.. 
If we are going tO pr6vide :i-i1tetiigent advice ., WhiCh. may. af;f ~~t·· · .. · 
the cutting routine · as well . as the amount of . d.ecayed matept~t~i 
then we must shortly undertake studies to gain answers to ·at · 
least some._., of t,he above problen:is. . · . .- . .. . ·. ·,:_::; .: 

1. 

2. 

. . ;,; · .i. ., :·:. 
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. INTER-RELATIONSHIPS BETWEEN FOREST PROI;iUCTS PATHOLOOY . 

. AND FOREST DISEASES , . 

.. ··/ .· .L ,-- . J, W. Roff 

Generally my talk might be classified as a gripe--not aimed per-
sonally anywhere but generally everywhere . at the attitudes of _ ., 
both the produc~rs · ind users of forest products which form t,he : . :· 
whole atmospl;\ire ,in which we as products pathol6gis'4S;Live, try- . . 

. ing to ., get tl}_e ,b.-Elst use out of this complex plant material set . 
before . .'us :by,,,goci.-In products we are witness to tne· denouement ._. 
of the re$Ulys ,-~f years of f_orest growth ~ Our. re ·search ·may . . 
take us high 'in wooden towers or down among the p:i.t props, from , 
du sty sawmills to odorous pulp mills and on to the slime of 
cooling t .9.wers, 8:fld: into the s~adows of ~hiJ?s 1 hqlds. , 

In many ,cases the :wood material which we are asked , to exrunirie . ·_ 
is · of unknown:-origin and details relating to its : o:i:-.iginal con:.:. . . 
dition when in :staJ,.led . a:re not available. Regardless of how'. . . 
essential ,,:such inf orinat{on is .to t~e study of- · qecaj,- resistance, 
the interest -;,of the enquirer is , centered only upon it1, preserit . 
properties, expressed u·sually by the question; why did it fail? • 
Sometimes the answer is "faulty construction"-weasel words, 
.which always :inv9lve basic factors of w.o_od species and wood 
type. ·_. The type, . relates par.ticuiarly in our more durab],.e 
species, ,.tQ_ post tion ;in the , tree and to . the pathological con-
dition of .the .wood. ,,Lacking . th:i,s original .knowledge, research . 
into decay resi,stan/e : of . t:µnber then .requiJ; .E=ls; 'extensive field . 
survey _s .and ,f.ollows . many, cievi?us. alleyf:l, many•' of them blind: 
starting at .the tree .' and .,lead~ng through a,l], phases of utili-
zation • . : ·· ·· •· · ,_,· ·· · . · ' •·.· .. . ·• ,, 
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We ·cam.1ot adopt the pm.Jo sophy . that w~qd is wood, is . wood~_;thi s 
material is biological, subject to change in properti.es in 
response . to agsncies both physical and organic. The property 
of de.eay resistan_ce is no exception. Let us therefore ta _ke, a 
look behfnd the discqlore d panel, the stained pulp and the 
rotten fence post, arid see why and whe:r;e this conditj_on started. 
1et I s. start :with .man: s inhumanity to wood--one of my mo1·e sour 
gripis:~ · · · 

It j_ s well known that both bio lo gical anc1. chemical dateriora- · 
tion YK.wood may be reduced ii' delays betwe1en felling the tree 
an~ ,,?,fia;~onipg .·the product. a:r·e. avoided" We here can all appreci'...; 
ate ·tnat: in the production of fibre or of who_le wood, time is 
of the /:sserice, e.Jso that for green wood, t1nlike whisky, the 
longer the storage , ustially the worse the product. 

.. 9UX. _9_q_mpJ,GY. lc-gging i~dus:t,r.y, _ particula1·ly in more remote . 
area.u, delays in ut,iJ.ization appeB.r i tJevitable; both labor and 
higl1J.y capitalized m~chinery ~re :i,nvplved cU1d both mus~. be . 
kept produ cti ve==of'ten it seeins : to J;h<:\ .detriment of the . product. 
The sequence of felling, bucking, yarding, loading and hauling 
is well known and ec:.ch step i$ completed before the next begins. 
Once the log is out, a storage period often follows either in 
wateT or in himid dry piles at the mill until finally the log 
is. sawn and the_ lumber seas .oned. 

Ow"'ing to the time element and .al-~o to the :number of persons 
inv_olved it is difficult for operators to . reiate the appear-
;mce . of their :'inished lumber i;o .details _ of log ·production. 
Sometimes changes are i11dic .ated but economics loom .very large 
so t,hat, unless immeqiate returns can :h·e. realized from a change 
in an established pr~ctise it is diffic:ult to . justify--more 
ed!.lca:0:Lon is requireq. here. . 

One of our Droblem.s i~ that of brh~ : stain in western hemlock .": 
lumber which oc~urs during drying. _ This condi ,t:i.on is _akin _to 
that_ f"ound in pine which is ;i::el,ated to the type . of lt>g bt1t 
mainly pl'omoteq. .as a. r _esult ,of delays .in niaimfacture. ' While 
we ar .e just starting on this st-qdy of st . .aiii in hemlock, we 
should come up ev.entuc1.1iv with .;i,'llggestions as to its control . 
but how much bette:r if _ through bett.er housekeeping we could 
avoid th G stair. errt:i,rely . . . , . ,. 

Aside from _this particular stai:p we have the general line of 
f'ung~l defect wh:i.cl7, 1nay be classed. as willful damage to wood; 
This includes t,h~ se.p~"'stains which : appear _in dying trees and. 
dc,:-m logs left too ~U:iDg iri : the woods~.· · These affect tii.at 
portion wl_lich is e:x:pec.:ted to yield clear 1umber'."'~•the cream 
cf ·i;pe operaot:i.o:;,10 Whl.le the rn·;)re obvious pa.rt of the defect 
is cut a.way, the invisible, incipient portion remains to ., 
develop later unJ.ess c:r:i.ed. Unless this material is to be · : 
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firii :•;h~,4::·9;( ,sfu.pped , by rail it may not be kiln-dried but (excep:f; 
foi;-, .. ¢.:ri;e ],,u~b,e~')' often accumulates in piles after receiving a" ·. 
che~c.a'.i,y';rev~pti ve treatment designed to inhibit the infectioh 
which oc{c\frs ~ter sawing. Aside from the fact that these · · · 

. preventi :;res cannot penetrate nor prevent interior stain ' ·f:r:;sm •, '. 
the l,o:g, :they are also intended for use over fai .r1.y'··shb:rt pericids 
upon lumber dry ing in well ventilate d piles. · · · · ,, .' · ', ·· . ... 

. . ~): :·: .... . 

Many mills, however, take the calculated r i sk and rely upon 
dips ._t9 . protect lumber in bulk piles, . somet.imes they 'g'e't by · 
if the lo gs are reasonably clear but not ot herwise , and if the · · 
losses ·are heavy the blame is usua11y ·\1pon the preventive--at ·· · 
this ·:stage there is no apparent conl'lect i'.oti .with forest con- .. ' 
ditions which are of t.en at the root ·of th e troubie. 

In c this connection.1 evidence of blind faith in chemistry may he 
found in observing the application of these closel y ·formulated 
highly technical preventives. Here, complete . coverage of the . 
lumber . is essential and this is assure d·by subinerging .. ·or \by :: 
drenching the boards with heavy spr~ys~~ .. ;ei"t,her method ·ieijtails :-· 
an additional operating expense and in J·ecluc'ing thfs, ,:dertaii1 
short cuts have been evolved. In one cise the •iumber ·,:i~ ''-passed 
rapidly between fog nozzles which disperse t _he solutii:in ~very 
sparingly. As long as the nozzles · do .. not be come plugged ·· and 
provided the boards are not bunched as · tbey pa.'ss throug~ f the 
system operates fairly well··•-too oft en·)iowever owing ·to·:lack 
of supervision one or more surfaces do . not receive · t);'eatrllent. : : 

. . . . . ;,. ·. ::,;-_ ... f. 

Another practic e which happily is ·not too comm.on:-ifthat · of :,,·:;"' 
treating from a watering can- - one man hi · detaiiecf to sprinkle ·> 
each course in a load as he bui:Lds it-~nothing reaches the 
outside of the load and the coverage vari ~-~ · invers~ii ~.'s the 
distance walked and a.s the length .of time ·hefo:re -the ' 1hext 
smoke break--in general the ' t~eatment 'is haphazar 'd':·'~ ' 

. . : .:p ... : ,· .::- r-; r:. : 
: ,, . . , .. -.·· · .. ' · .. . · .. 

The above types of defects are examples _ of wh_at _mfg~t be 
termed neglect in respect to utilization : of f'elled trees in 
the forest or of logs at the mill. Theit- .. pr~ ·seilc~ 'in the 
product does not usually cause failure but certainly degrade 
the appearance. Because of the many .factors , hum~n and other- . 
wise, . which contribute to the deterioration} :ranging from . . '. 
careiess handling to poor storage 4ori'cil:t:i):lns 9t' the ·pro duct ·, :·.' 
plans 

1

for isolating the trouble _ ·ar 'e·•'nh)fLb;fteH' reaclily ''apparent \ 
·In addition it' is seldom clear ·a:'s 'tc:i''hbi ' tlfe ':;associated ·con._,-, -l 
ditions may be reproduced or ·:~ontrolled '·±~::-taie labor~tory · • .-.,~·· . . .. . . ,-;, .·.:- . •·, . 

There , i.~'. a :.brown. surface .·sta ¥n:· caus ed 'by ~cocybe · grove.§ll. 
which has l}een isolated in 'J:ogs ··and often di3ve1ops profusely 
upon .tre~ted., lumber · in bulk piles. The devei'6pment appears 
to be ·associated with high moisture "conditions ; par .ticularly 
in the film of moisture which persist s upon boards in the ·· 

/ . .. .. 
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pile after dipping in preventives. On malt agar -we .find tha'.½ , · 
the fungus is fairly tolerant. to pentachlorophenol and is. _ --, : -': 
less sensitive to changes in pH than other common blue stains- , 
and moulds, On wood in the laboratory , however, we have not 
as yet been able to sustain ttiis high moisture condition 

.-:which is appa,rently necessary to pro~Iuce the profuse _ growth ... · · 
seen in service and the surface development Pm st be f' ollowed 
with a binocular. 

I hav_e dealt at some length with defects from the forest, 
fungal _and otherwise which degrade the _ pr;)d.uct and wlll now 
pass ,.on to those which destroy. the , st:!'.'uct11re. Decay is a 
necessary condition in the fore -st which amongst other things . 
has lead to the survival of the best in tn~ species. In the 
product, however, it has lead to prematur3 wood failure, 

i· lawsuits and substitutes such as _metal frames, concrete poles 
and asbestos shingles. 

ln many cases it appears · to ro.e that wher1 -we consider the 
decay resistance of fqrest products or the pulping or other 
properties of forest speci~s we are actually often concerned 
with the study of partially,~cl,ecayed, o.r at least fungus-
infected wood. As fungi are a part of the fore st flora, it 
is no surprise to discover these -organisms even in apparently 
disease-free trees. AJ,~o considering the longevity of the 
trees life and the :variety of ha.zards to which it is exposed, 
it .is to be expected 1;,hat damaged trees should exist and 
also that they should yield infected wood at the milL The 
products pathologist . must then-be ready to:-d:3tect the decay 
and, ~ss-ess its ef'.fect in overall wood properties. 

It is in _,ou.r · most durahle . spe_~ies that decay resistance is . 
most variable and this variai;,ion may be 1-elated both to 
physiology and alflo to fungal attack. Ir i both redwood and 
red cedar for example, chemical extractj_ves whish occur in 
heartwood give the , wood its we:11 known df,cay re11L~tance . 
In each c~se n.o:wever, ·· th _e outer heartwood in th,'l but 1.f con-
tains a:.higher -proportion of these phenohc compounds than 
that , nearer the pi th or in that further up the tr ee. 

In general, it seems probable that the ab:UJ.ty to produce 
toxic extracti ves increase .a with age of the cambial cell fl:, 
so that wood in the pi th region is ah1a;y-s lack:icng in thj_s •·· . 
protection . . If this is the case it may also expl ain the : .. :. 
fact that fungi . (usually imperfects) e.:ce nearly aJ.ways ,_. , . 
found in this region although the reveru,, may be true. Exam-
ination o:f' heartwood taken from part decayed cedar .logs · 
always · indicates the ·presence of non !3i!-.~5-q;b£ ~% fa ,r in . 
advance .of , evident · rot and it is not unlikely that thes _e 
fungi prepare the way for later actual wood destruc"GJ .O.j;1: by ,, . 
other organisms. 

,.. 
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Work,,wht~» ; vv~ ):?,-Je, _comp+e!ed with. y~l~~w ced~~-~in?j,cat~.fi ;. ,:_;• 
that : !'fr&~y.1vo'od'.~~:~~c~ad .. nth _sp~cies of Fungi Imperfect,!,}~ .~-~-' •=· 
the l'a.borat-o:r'Y ;i.:s_ m\lch less resistant tc- subsequent attack ·' .. 
by cort1fuon'buiidi:i;1g/rots ' than is . cl'e~r -he'&·rtwood; In 'thi's ' -:,,;_:'._ 
case the :i.niperfeots· i.have ·-not a.s yet. '-been identified but .. ' ' · ·' ·. ,,._, 
their ··pS:.e·~en'ce· :i'esults in a black heartwood stain :Peculia:t : ·· ,' fi 
to the ·wood species. . . . . 

One of the · most ; obvious concomitants of fungal attack in . 
wood is that · q{·coloui change so that one of the most strik!'" · 
ing propifrt:i.-ek of both . redwood ·and of cedar may be associate~:( 
with this defect. It is unfortunate that exposure to light 
soon dulls t.he array of colour seen in fresh sawn wood. 

. . . · . . . . . . . 

In western rec( ce~r, hea:rtwood is normally darker near the 
pith .:becoming :st:raw· coloured ·at the periphery. · Tests indi-
cated that · strai-i ·'&olour·ed heartwood was most . decay resistant 
provi :ded 'tha:-t:; -"it odginates in the peripheral region. of the 
tree. 'Occasionally in fast grown tree ·s the wood is reason-
ably light coloured over the entire cross section but . here, 
wood' from the· inner portion is no more resistant than inner 
brown-coloured ·heartw609-. ,· · In __ standing ·dead trees too, the . 
heartwood may··assume an ··even.::hi.own colou:r: ~cross ·the face 
but :·,flere again ' it is the ·posi~ion and rjot the colour which 
dete:nriiries deqa.y resistarice ··of the wood} that nearest the 
periphtiry .. still being stiperfor. . 

- ' . . · . . 

.: J 

When pieces of cedar heartwood of different origin are being 
compared h1 decay resistance, material which is darkest in 
colour is .. :n6t aiw?-ys the least resistant .. nor does the pres-
ence ._.6f 'de'ci;;r in :,the ·j_og ·necessarily mea:n exceptionally ~ow 
resistarice ·although tH~ ·ratter is somewhat. inferior iri 'th:Ls 
respect to that of heartwood from sound iogs. When we exam_;·· 
ined material of various colours from different logs con-
taining advanced decay, tan ,' coloured heartw.ood from logs . 
decayed ''by th~ wn:i.J:,~ rqt Poria wairii was _:except:i'.opally low :'' . , 
in d.ec·a:y··re,i.(st'aric~ 'witlie"°'d.art black=trown *ood associated · -: :>.-. 
with an uni'd.eritii'i.~d brown rot was reasonably high in resis- ·:.::,c~ tance. 

The pattf:irn of decay resi~ance in these durabie \Joods ''is :·•,', :: · 
there{6i-ef, :an · dvetiaY of' seiteral .factors relating -to tre ~ ·. ·. 
growth~:physioi8gfcaia.ge .. o.f_the cariib.icil :c~ils and the · action 
of decay upon · ·the · e:xtfactives. · The association of original 
disease .in-the 't.ree ' with- colmir •:in the wood is most marked 
but om_'ng to the variation in -t~:e occurrence of these natural 
preservatives, r-sJ.ati;r ,/ 'to :radi&.l posit:i.on and height in the · 
tree, the ge.neral effect;_ 9.f tree di~ease upcm ultimate decay 
resistance of these -v;roods :Ls difficult to. assess. . . 

: '. ' . .. . . . . .,, 
In a moderately decay resistarit wood such as Douglas fir; we 
ha.ve found that the presence / of _ incipient dec_ay originating 
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in the. tf~~ -; _may have a marked effect upon its resistance _to 
subsequefrh:bui.: Lding rots. In one case where riear1y · half the 
flo or area ·ofa.smalJ.·nouse had collapsed after 5 years, we · 
were abJ_e ·to ··isolate hath Polyporus schweinitzii and··a1So : · · ··--~ 
Fom~ ~ffi~~lis from a number°" of partiaily-decayed joists, .· 
along with Coniophora puteana wh:i_ch was the chief cause of rot. · -- ·~---_,,. -
While eaqh cf the first mentioned tree-decay organisms are 
known· to persist in wood in sel'vice, they were not found in · 
sound. members but 011ly in those subsequently attacked ·_by the 
building rot, · · 

Jn many cases the presence of incipient ' decay in wood does 
not result in a change i n the appearance so that even with 

' the best of intentions, this type of mate:.·ial may b_e in-
clude·d in -shipments. · When, as in the case of many brown rots, 
these develop readily in service j the problem of recognizing 
part dec_ayed logs before sawing, becomes even more important • . . •'. . . . . . 

A larg~: number of complaints from lumber buyers also originate 
from "hidden rot 11 a condition often .associated with brown 
pocket rot caus~1 -by I'oria : monticola in Sitk/3: spruce andhem-. 
lock lumber sold ·:i..n timber sizes for re-manufacture. Samples .·· 
of 6 x 6 Is have b·een received which were apparently sound on 
all faces and at the ends--these when sawn lengthwise opened 
up into rot pockets up to 4 inches in depth at · the center of 
the piece. 

Unless. the wood ~ecomes dry arid an abnprmai numb;er of shrink-
age cb.~ck: d,e.veJ.op, t_he defect is certainly hi9-den particularly 
to an ;th spelt or: who in tpe case of tp.e producer only sees · 
greeri Jumb9r . -. _· 

In general, early decay caused by brown~rot producing fungi · 
reduc~s , the _stre ngth of ivood, rapidlybut the .vhite)' 'o}s are _ 
less destructive " We find also that in the laboratory · brown 
rots usualiy. · produce advanced decay in test material much ·· 
sooner tha.n do the white x·ots . 

In discu.ssing the significance of rot prodt1cing fungi, _ it 
has often occurred : to me that little thought has been give rf 
to the J.eng;th o:f·time required for individual orgatiisms to 
produce the final stage or b:reakdown of tissue ; ' In ·the ' 
laboratory., ivhite rots such as I?_ini, Polypo:rus tomentosus 
and to a J.esser · extent, Poria weirii soon develop the visual · · 
advan.ced decay syfiiptoms. ·~Otherorganisr.1s such as Fornes . .•. .. 
§!:EnO,s~s, El!E-. or ~-- sanguin ole:.itum spread rapidly ' -,., . 
through the wood but rema5_n in the incipient stage for periods _ 
of 6 months or more. It would be int ere sting to study whether" 
or not decays i n __ trees develop at the same relative rate, 

I 
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In our,. :work wi t}:1 lod gepole pine usin g test sticks cu:I:; f:rom 
diseasJ<1:'.'.:tf ~e-&.--·:hia:ttrial infected wi th F. pini (incip :fent) 
was ccnsistentiy lower in stren gt h. than-either sound wood or 
that infected with either §.. P.~.Bi or f . sanguinolent~. In 
this case, however, the red to brown colo r ations associated 
with all of these organisms was suffi ciently simi lar .t o maJce . . 
it diffic ult to separate in l umber·, pa1·ticularl y whe11 seasoned. ·_. : .r : ·. .: . ·. .- . . . .. =·., .-.. : - . 

In pulp mills a _common method of reducing costs . is seen in the 
use ' of lar ge outdoor piles for storing chips a.waiting pro - . · 
cessi {Jg ~ ·providedt 11~.;t, the pe r iod of st .or age , is ~ot ·1onger ·· 
than · one year . and also. provip .ed that . good hoµ_·se·keeping prac.;. 
t.ices : are : .foil owed: and the area j_ s kept clea n , the., pulp yield : 
from thf s mated.al is. rela~i .vely U't1eff.eicted by storage. . . 

• • I ' • • • ' • ' • ' • •• " • f ' ., 

Studies ·of 'two piles · which we _made however~ showed that OW1.ng. 
to ma1•ket conditions the storage period. had been extended to 
three years and: large pockets of deca.yed. ·wood, .~rro:tinded by 
a web of mycelium, were present thr _oughout the lower .portion . . · 
of the pile. Whi1e the identification of the causal ·organism 
was not. yeri:fied it resembled the white rot, Polyporu s .. . 
versicolor. · .. ,The fact that this 'fungus is associated with :the 
iree and also that decaJ; was more or less _ localized wi thiri' .. . 
the pile, suggest,ed that the _loss originated ; ip the fqrest apcl 
also that rot was carried into . the pile in tn.f ected chips • . . ~, ·•: ' . . . . - . ; . ~_: . . . 

Further examples .. of this type of relationship may 'b·e found and 
citect'indefinitely; . Enough.i{a~ been said, I trµ.n~, :.t'o stre~S 
the fact that with one or two possible exceptions .consideration 
of fores( disease is parainoi.mt in accessing 'th$ properties , 6:( . 
forest ·products,· durabiiity, strength and suitability · for the 
purpose :in~ended. ::) . ,,, .... 

Decay res::i.stance of wood t-1hic};1 is treated with preservative .s 
is affected, ·at ' least &\ the ' ~ui~faqe and to the extent of 
penetration, by the presenc~ of the treating compound and its 
toxic:i.ty is the . contr olling f.'g.ctor~ Should the p11eservative 
become lost through '.i.eadung or other means or if untreated . 
wod8 becomes exp9sed as a resqlt. of sub,sequen:t cutting or 
checkil1g throug h the treated layer its 'j;iffect is lost. Once 
again t he material in question returns ·to its natural pro-
pe1•ti e s a.nd t o its association with the f orest. ~· 

In products pathology our onl y concern is for better utili-
zation of woodo Our first consi deration is environment--how 
wil l this influence th e :f1mgal popula t ion waiting to attack 
the wood? Secondl y, what of wood species .? can we expect 
natural di:lcay resistance to prevail or should further pro •• 
tect i on b e provided? Gombfoed with this aspect or sometimes 
everJ e.hcad of it is the question of the individ ual, the actual 
material concerned, either i n research or in service--is it 
alreao'y infected. What i s its history- - firs t as forest mat-
erial and sec ondly as wood / .. as b uil ding material. 
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. PANEL IV. NURSERY AND TRANS PLANT DISEASE PROBLEMS 

Introduction by R. V. Bega 

Thi. s panel will be concerned prin1arily with nursery and re-
f ore station diseases as they occur in western North America. 

With .. the increase in reforestation demands in western North 
Ame:ri.ca we are beginning a phase of forestry that has for 
years been p:rcJ.cticed in the East and South and, of . course , 
in :Europe. · I feel very strongly that now is the time for 
pa:thologi~ts in the West' to begin a- concentrated research 
project on regeneration diseases rather than carry on an 
almost extension type service-as~needed program. We should 
begin now to anticipate problems that coul~ .arise .and. begin 
building a basic knowledge utilizing situations and answers 
i'rorn other areas as well as those that are .occurring now or 
could occur in our own area •. 

We have two .alternatives in the ·approach to reforestation, -
natural regeneration and artificial ,regE!neration. · 

Natural regeneration i-s , of course," not practical in the 
majority of our situations, especially where we are convert-
ing large brush fields or burns, large clear-cut areas or 
even in stand conversion. ~e must trien at the present tim~ 
concent:rate on arti_ficial reg§l:.:1e:.:·ation whe:pe, · with the ex.cep- . 
ti~:m of aree .s · suitable to direct se~ding, _ we mu st use the . _ , 
process of nursery production and subsequent .transplant. ·:: 

Our panel today is concerned with disease problems as they 
occur in the nurserJ anq the effect ;t _hat these diseases can 
and frequently do -have on the storage and transplanting of 
seedlings c The first .two papers ar~ , f_airly general in that 
they will point up some of the prpblems that we now pave as 
well as those we shou.J,d, anticipate, also. some research 

· approaches that we may follow. .The _third paper will discuss 
specific problems arid what research approaches have been 
taken and others that could. be taken to combat the.ni. -

,, 
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~ORESTRY NURS~RY DISEASE PROBJ.,EMS 

R. V. Bega . . ·: · \ 

This presentation, a.s I mentioned in the introduction~ will 
be f 9,trly general in an attempt to point . out some of the needs 
in• ni,t:i;sery disease research, followed by a discussion of the • 
approach tha t we are taking in the Pacific Southwest Region. 

; . . . . . 

I would like to work ~roui.1d five ~aior p~ints -in .discusstng 
this artificial regeneratio:p :,prograiri: -

. .. . ... ·-· . 

J.. Where a.re we now in regard to disease and disease 
cont rol? 

~. t-rnci.t do we llav:~ as a result? 

3,. 
: :, 

-What do we need .? 

4. -. How should we approach · it? --· 

5. 
Point~ '.\ : ~d. 2~-wh~r~ are we. ~ow· as rega :~d~- disease ·.atid di's~ . 
ease controf;~and. .what do we ha,,e as a _resu'.)..t? ·_·, ·- ·= · ___ • 

• • I • • • • • 

I believe t _h~t w,e can : safely say , that " _w_~-:·~~ j~~t, ·:oilt ar"t,he . 
starting gate and_. di Sf;)a.se j_ s already lea.¢ling bY thr .ee lengths} 
As ·we look into the nursery program as . it · now is in ·. the West., 
even in its as yet limited capacity, _we fin~ that _ contrary t~ 
the few complaints we get from nurserymen, disease is in an 
endemic state . '.!?he only time that we do gei;,, _ <::alls for assis-

-. t~ce .. is when there is a_. spor~dic outbreak fn ,a given year . or 
when in a given ._nursery _ some, p;i;-actic_e such : ~s ·continuous 
cropping has built up the :i,noculum potential .to t,11.e point 
where heavy losses are ocq_urring, _ When tli.e~e outbreaks occur, 
we tp.en go in and try to f-i,nd out, in a sho~t time, what 
caused it and what stopgap measure we can use to combat it _. 

As 13.. ·result of .this type of program .we have losses of seed .in 
storage . and in : ·s:tratificati()n • . We have l.osses . in _the n'ursery 
due to suph ~daphic factors as damping-off and; root and 
hypocotyl rot, and in so~e areas to · p.erial pa_thoge,ms. We then 
have fail:in:es · in . trat)spian .t~ng which .:we find in ·. many cases ·to 
be .directly . at~ribut _able to d~sease _s pick~d up· :i,.n the n_ursery. 
And last, but most important cif all, we stan d the risk of 
introducing new diseases into our wilderness areas, new dis-
eases that can with _time be a l;imiting _factor .. in timber 

• • • •.·. • , . , . . '. - ,-6 

pr9.dp,qtion . iJ,J _ _..tl;iese ·area ·~.•: : We h~;re: exc .ellent examples of this 
in t~~ _.past, th ,e r:~.~u.lt _of 'v!~icn.na.~ .. been extremely expe11sive 
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eradication programs. I feel· very strongly that there is no 
need for this sort of thing to happen again, 

Points 3, Li, and 5--What cl.o we need, how should we approach 
rr,~.a@what.is Its effect on the . planting stock? 

'!~~':clean} vigorous plant production we cannot consj.der the ·: ' 
older_'idea of increased seeding to compensate for last year's · 
losl;es .: or in a.nticipation of current season losses . . What· 
better way is there to i ncrease the inoculum potential in a 
given' soil than by increasing the food supply of the organism 
involved ., It is the responsibility of the pathologist to ·: ; ·. 
point out to the nurseryman the advantage that this type of 
culture gives to the · d:i.sease producing organism. 

Why should we have, or better yet, why should we tolerate 
,losses when we already have ' a:t hand much information from 
other types of agriculture, information pertaining to seed 
selection, seed certification, soil .conditioning, soil fumi-
gation, and plant certification. Most of these techniques 
are easily adaptable to forestry practice. Gra:rited we are 
using many of these. approaches at the present time; it is on 
a somewhat l:i.mited scale. · Soil fumigation, for example, j,s 
many -times re,jec~ed _because of the cost factor or because. of . 
the myco:rrhizal · fa<itor • . To · answer · the cost factor que·stton :,•.·: 
we need only to anaiyze the ·· costs involved in losses in the · · 
nursery, the subsequent losses in transport and storage, and 
the. again, · subsequent losses after transplanting. I feel 
·certain that these costs fa£ outweigh the cost of fumigation. 
As· concerns the mycor:rhiza.l factor, this is a false inter-
pretation which I will go into later • . · · 

I am goirig · to presen-t a few obyiou s gaps in knowledge and 
th en digress · a bit from generalities and tell you what approach 
we e.t'e ·taking · in California. Here, too, I might point out 
that -I 'am going td 't?,lk primarily about ·soil-borne ' di sea·ses, 
whether physical or biological. I am doing this with the 
assumption that aerial 6seases will be brought out in the 

. di set ssioh. 

In general we must first of all know wi'lat organisms are .-1.n-
votved: in each geograp]:,j_cal area and with each crop in 
question . By ' t h;fs I m:~an not only the pathogenic organisms,; 
but also, arid porhar !s equally important, the saprophytic and· 
parasitic orge,nlsms o. · W'nat are their relationships ·one to 
anothe ::-· and ·1vh:at: factors are res ponsible for fluctuaticfrrs in · 
their _· popul ation density? 

The reasons for knowing what pathogens are involved are ., 
obv:!.0118., the :·te '3.sons for studying the saprophytes and · para-
sites are ma11ifhJ.d, We accept the fact that we have this 
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group:.cof : organisms that fluctu _~te ' between -s_aprophyti_~ a:n'd~;-:;.; 
path .ogenesis. This ·group is pa-rticularly ·prevale 'nt ·fn th~ .'·;", 
so;i.:l_, :: ·We -need info"rmation .on their habits to tak~ advaritage 1 : 

of their sometimes benefi'cial nature and to guard against :- . 
their sometimes hannful nature. 

·. _:. _.. ;• .. :: 

With the help of plant physiologists, bioch ·emis:ts, and ··ge~eti:.:. 
ci st s · we. need : to learn more about hos t .:.piil.'r~si ~e: te_iation ~h'f~i 
and aiso .::§Ib9ut. host-saprophyte relations; · about rhizospher~ .- .·. 
relations, · and about metabolic product exchange betweetl • host :•· 
and para.site or saprophyte. With · the help of soil c"tiemists . a~d 
physicis t s we need to obtain more information on the relation ~. 
of physical soil factors on host-parasite or saprophyte re+!i•;,"' 
tionships, or simply on the growth and survival of these ··•· · ·:_:: 
organ:i .mns in the soil. This is especially true as we get · · ... 
further into the -use of soil amendments, soii chemicals (in.:,. · 
eluding fertilizers), and soil fumigants~ We might . alsq add .. .-
continuous cropping and crop rotation to this . list. 

We could devote an entire conference to what we need to ½n.'?,W~'. 
perhaps we had best stop here and present some of the :_ apprqa¢lles 
that . we can and are taking toward solvin g some of these prd ~ '-': 
blems. · . . · . ·.·'~-'{ 

t.- ·:.: ' •. : . ·- .· . . . : . : . 

In Californ:i.i .Jti .. are _taldng · a:· !':three-,.phase" _ approach :~'ci- tli 'i !:t\ 
~~ -~o.f _ reg _eperation diseases: (1) seed · protection, • .(a)'. : . \: 
seedling protection, and (3) transplant protection. ··· 

_l. .Seed prot .ection~ , · · He'r'e in conjunction with o~·r Foie.·~ :-.:~,~' :'.·.-·~ 
Management, ,Research Di vision we are studying the fungi' / ::.-•· ?·.:-'·" 
bacteria, and yeasts involved in seed loss. By seed los"'i wEV · 
mean that seed which is lost in · collection, in · st ·orage, ·and··:fn' 
stratification . · In storage of sugar pine seed, for example, 
we are . finding a dire ·ct correlation between organisms ' iri :_and ·.,: 
on the · .seed .and seed · viabi lity , with different or_ga,rii'i~n_s._'pi ,aY,~, 
ing - a ma:jor role . at different storage temperatures. We are··'·' ·: · 
now b-eginning a study of: the use of chemicals in se.ea storag :e·-·{ 
an"d: in: ·stratification media. · ' · · · ·•·•·. 

2. Seedling protection. In this instance, I am talking about 
seed=ling protection in '·the ···:nurser-y. The best protectiq;i her°e '.: 
ia ,,by-; e:radi -cation of certa'.in organisms and of _.cutting ·· down · ., .. 
the inoculum · potential of others. · 

Our greenhouse and field stu dies are now narr owed to the point 
of testing soil fumi gants against different plant species and 
different organisms , We have several good lea ds already , 
especially with methyl bromi de and chloropicrin and with com-
bina t i ons of t hes e two. As I mentioned before, one of the, 
obje ct i ons to soil fumigation was the fear of eli minating 
b ene fi cial or ganisms from the soi l; esp eci all y mycorr hiza l 
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fungi ·. I would like to point out here that we are _not aiming 
at soil sterilization, but merely · at selective funii gati'oh .. : ' ·0 

We can now show that with proper inanipula:tion of the fumigant 
we can actually stimulate mycorrhizal developinen't ~. · · · · · 

Our laboratory stu dies are concerned with isolation and identi-
--i'clca.tion of organj_sms in treated ar;d. non·~reated soil and of 
organisms on plants grown in these soils ~ We are al ·so running 
tests to determine the role of some 30 clones of Fusarium ,. 
oxy.:sporum · and five clones of F . . solani i solated from di seaS·ed 
and~pparently healthy nursery stock, ' We are interested in 
theik' role as both p:cimary invaders and secondary invaders a·s 
well as their role as normal soil flora. · The prevalence · of ·. 
Fusarium .spp. in our isola~i.ons is so great that we now con;.' ' 
sider . them innocent until proved guilty. We have in addi ti61f 
a -large backlog of other soil organisms building up in our 
collection of isolates that we will eventually · run tests on, 

'but our primary emphasis now is Fusarium because of its pre- ·· 
valence and its host specificity. 

We are also studying in the field · and plan laboratory and·. 
greenhouse studies on the cyclic · fiu-ctua:tion throughout the ·' · 

· year of pathogenic and nonpathogenic soil organisms . To · 
briefly mention a few, I 111 list Sclerotium bataticola, 
Rhizoctonia solani, Pyrenochaeta terrestris~ 'Pythitim sp ~:, . 
Phytophthora.' sp ., -Fusariunr sp., -~ sp., and Cylindrocarpon 
sp. 

Other field studies that we will be carrying .. on in .. conjunc-
tion with -the Forest Management Research Division are Sl,lch', 
cultural practices as effects of crop rotation; cover · crop-
ping, ',f~_llowing, and soil amendments. . 

3. Our third phase ·of research is aimed at the transplant. 
-Iwon tt say much here as this is the subject of the paper' 
following mine •. I will point out, however, that we --;a.re' . 
pressing Federal, . Stat ·e, and private nurserymen to be con~ · · 
sci ou s of disease and to want to grow disease-free, · certified 
stock. 

I might add ' in closirig that along research lin~s :;~ -:~r~ :f6i.;. 
lowing ;our ·nursery stock into the field on a large · sbale t asis 
and taking data on mortality and the :reasons for it. 

•··:· 
,, 
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!,·: . _. . ~;_~u-~-s~ry __ Iliseases and Transplant Losses · , · · · · 
--•···· . -~ ' .... ·-- · . · .· . . .... .. . -~ .. 
· ~-:· .. :~.::·:--: ~-.. ::: ~::~:.-::.· : . '--~-~-:~ __ _._-:_;_~.i~~{4:·:8·· sirl~n-.~----~ :._: \ T~ ... · ~>_-- ·;,•: •: \ 

Int,r .oduci:i.on , .. , ' . ·-... . . 

How great are our ~;ransplant losses in the field? They vary 
qpn_s;i.d.~.r~ply f;r-om one species to the next. . Urider favor'able · -·· 
ccin.dition ·s the. transplapt Tl'lortality in ponderosa 'pine is low 
whereas in_ .. m:igar pine -it is high -. · Survival of over 70% in · a 

,
0
_·,~ugar · pir1e pla,.ptation :i,-s unusual. ··The mor·bality' in sugar pine 

. __ · · tr~sp;i.ants ·has been consistently so ·high that many field · 
1'' foresters feel this to be a r1atural condition. 

,. What are . the Cp.\lses of' these losses? As pathologists we should 
. pi9-ke· some attE3mpt to determin e the causes. Most frequently the 

J;oss.e.s are _ ascribed .. to drought, yet in the plantations vi si t-ed 
tm,.~ ;-~~st summ.er . the s,;,il n}oisture was usually found to be · 

. adeql.la.te arou:ncl 9,ead and dying plants, even as late as September. 
"Wnat·part do dis~ase ·s play in these .;losses? ·Is it a coincidence 
_that · sugar pi11e; which suffers severely from root rots in the ·· 
n~r sery · b f?d~ al., ;:;p has a hi;gh rate of . mortality in the field ': ·. 
af'Gel;'. :. ~-r~~splanting? .· 

. . .-· _· -1t'-!-·. -..· .• .' 

The importance of nurseries as a source of pathogens which may 
b~. sprea9- wit _h the transpla,nts into ·the fi'eld. is we11 ·recogni _zed 
in __ general agriculture. BecaUSfl-,of this ni'-any 'agricultural . :. _gr:ow.~rs ·havf taken c;lefinit ·e · step,s t-0 remedy the problem by ·' ·~;~ 
g;rqw;tng..tM.ir _.:;i;tock under ··di sease .... free ·conditions ·. A't the · ·' 
·tj~~_nd. ,s o-f:_, t.l1er g,r;owers. many commercial agricultural ahd orna _.:. :. 
mE1ntal· nurs e:cie.s ,a,re now producing : certified disease-free ·· · · 
tr-~n splant . &.~PPk;~_: • -., · . _ . . 

Are Root Patho~ns Spread with ' Trans:g!_~ 

Forest m.1r sery soils are known to harbor a var iety , of root _. patho-
.gen:s, - as •·evi-denced .by the disease problems existing fo thes~ .. 
nur s~rieBi. i· ·Are ·ro0t . pathogens ·· carried into the field on the . ,. 
t:ran-:splanta .an d:uonce ::.in · the field are 'they causing a porti9n ·of 
the -pres en-t-·morta1ity? --In ·order 'foi• a root / pathogen origin~ting 
M:J,,._the ·nur!iery to · cause mc.irt iali ty i :l.n1 ·the ·field it must :f.',a.ist\ ·. 
successfully . :comple•t ·e several. ste ps.i : · The . p~t:hogen mu st ·:becom~ ·: 
cl:9sely associated ·:with ·i;he futi:1:re transplantsf it mus·t surviye 
the . pe:riod, ·of •stora.ge1 -·it must be ;aole to suryiye and <3stab_l _is~ 
itself . under · fiel d ·condition s-; aild it must be ' capablf ·9f patnq~ 
genesi :s .under .,field conditions • ... ,.: · · · · · 

Are r oot : pathogen ·s ciosely associated _with the future t ·r~~;.;. _ 
plants in :.om · ·for.est ---nin•series? . Isolations from ··the x:oots. cif~ .. 
l~O c:.nd 2"-•0 sugix .pirjce f1 ·om one forest nursery ·j_i~lded a number 

·. : . . i·': \. ·:-·-' i ;_. '. . . . ; -~' • . . : . 

I' 



t 

of possibl~ ._root pcl.th9gens inclutj.ing -Rhizoctonia solani, Pythium 
sp. , Scleroti .um bataticola, Fusarium solani, Fusar~ oxysporum, 
Pyreno0heata terrestris, and Phytophthora cinnamomi. These 
isolations were made late in the year after mortality had 
ceased. Furthermore the stock which was isolated from was 
healthy appearing and would have been transplanted into the 
field the next year. · · •··-

Are these pathogens able to survive the conditions under which 
seedlings are stored between pulling and shipping? We have 
li.ttle information . on this aspect but in general the cool con..-

' m,tions of storage can not be counted on to eliminate a pathogen 
although these cond iti ons may .temporcl,rily arrest disease develop-
ment. · 

, _·Are these pathogens able to establish themselves in the field 
· . under field conditions? -This is a question .we must ask of .. •each 
, root pathogen associated with n'Jrsery stock. The introduction 

of a root patl).oge_n into the field either in or on the host 1s . 
roots is one .9f::the ·bes-Lif -not the best of methods of insuring 

,. · the successfuL :establ.isbment .c,f · the pathogen in the field. • ·· 
Isolations ma<;le this year · from a number of dead and dying sugar 
pine in two wi_dely .' s.eparated plantations revealed that -,most . _o;f 
the same pathogenic root inhabitants present in the so:urce. , · . 
nursery were also present in the field on the transplant stock. 

-.~ ','. ' . 

. Ar.e. -.these -nursery :root pathogens capable of pathogenesis unde.r 
field • condi tioz:is? Have the · seedlings passed the :· age of ;S.'J,S".'" . 
cep~ib;i..lity or Js the biological or physical en:v;ironment ln the 
fie:Ld :unfavorable , to · pathogenesi s1 Are there soil)e .. fungi -w:hich 
ar-.e _,non-pathogenic or only slightly so while in the _.nursery-,but 
which. may ,become aggressive pathogens under field conditi -on:~?. 
Again this is an area which is largely a gap in our knowledge 
and is in need of further study. 

.. . 

The ·rn~roduction of New Path .ogens into the Field 
. ; ,- . ' ' . . . -

Within tne .. last few years good nursery sites . hav:e become scarce 
i~ ' _m~ny'.:-ar~;~s-of western , North America. Because of this sqm¢ 
ne.w-fcirest ·n,frseries .have been and others are being located · on 
old .agric~ ltu ~;at ' 1and. _.In th~se ·old agrfcultural ];ands \he:·. 
forel;)t seedlings . are e_xposed to .a varieity of new roo .t. pathog~ns 
whir,:S. may; or Jna,y not be pa~hog~nic to the fore st species .' _ .'r;pe 
fact that many of these root pathogens _of .agricultural ·p~ants 
are not, normally . associated with forest seedlings would .l ea,d , 
one to b_Elh-ev~ that they are not normal inh~bitants of for ,est 
soils. F1frthermore, many of these agricultural pa,htogen1;i:.are 
not indigenous to North America and therefore are not likely ·to 
be present in our wild lands, The possibility of introducing 
these new.pathogens into the forest lands on nursery _stock , 
exists . Th~ questions are: can they become estqblished iri ? 
forest soils; are they capable of pathogenesis in the field, 
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and wha:t effect- may · they have om,the ·futul'e , productivity ,of ::nthe 
-: ::t'8.nds: cb:ncerned? . ; ; ..,, ,_. . . ::-, _,_.: 

J!.,Jl..; ":'. :;;.; ·:• j · : ·.::. · .•. · . ... - :; -· -1 .; •• • ;.~ •. ,E 

At~ .bne~·nurse;:ry late ::in · 1959 fhytopht.hora :oinnamomi ,wa·s is<;>lated 
:\.:Jroin · dyit1g- 2·-0 S\lgai· pine~ - Since then its patbogenicity -:mt : 
.... mig.ar p5me· ·has ·been · conf±rmacl~ ·.Within the .1a ·st -0 few years it . 

'-·· ' . .:· ' these work ·confarences there has .'~eon . con ·side!'abla · ;thought · and 
discussion given to the threat posed by tr ,e :possible introduc-
tion of this pathogen into forest areas or nursery · stock. 

Lr! another area of the .srurre·,.m.~_r ·~ery ~11:tgh ·;:rs:_ t~ be J?lanted . f."or 
the first time this next spring an exa.mina.tion ·of ·-a few ""rema.in-
ing fruit trees r~vealed ·the ' presence of the crol-m gall. organism, 
Agrobacterium tumefaciens. ,. ·Crown gall is considered mainly , as 

"adisease of Angiospe:rms. :~•,: B:ut' in the late 1930is •and early ··. 
1940' s c. O. Smith by tneci'rs of a.rtificial ino.culations :found 
!• ~!!!_efa9-~ '00 be pat -hogenic on ~quoi~. -S9!!1pe:rviren~, Sequoia 
giga::ntea, Abif::§,· .£.9ncolor, --~~drus dec~_p:·en~., -and _other west-
ern conifers. To what extent the isolate - obtained from -this 
nursery is pathogenic to conifers has yet to be determined. 

·-:Tu' -the sarne area Armillaria . mellea was also : found. -Bu_t differ-
::en.t: isolates of, this .-.,fungus - exhibit such dti'ferences ;in host : 
sp-ebificity .and in virulence -to ·a given ho.st .tha.t pathogen;Loity 

:,, ·'_tests must · be run befor0 any conclusions can be tnade. ,:. ·r·": .·•: 
._, 

P.2fil!ible Control Measures 

How.may the ·:.introduction of _:root pathogens into --thei ::fi~ld by 
·· :-:~-wai,' -of ' nursecy stock ·be. p:revented? , There are tw<Unain ·ap-

•~ :: .. 10·, pr ·oaches to .the :problem: ... •.(l) to grow the seedlings .-ii1 the · 
ab.sence of . roo-t : pathogens, ,,and -(2) ·to 1-:id,•the se:edling s.:-.of root 
pathogen 's by means of an eradicant. or therapeutant, · · :: ::,1. ,: 

?. } • ::·•. : ;· ·:·. . . . ' : ," , l .. , · ' . . ·. t~ :"~ -:-~. ~-

;,-· · The. fii'- :st ' approach should: .:irivol ve: ·two · sepa.ra ,t 'e. but necessary 
st-Bps r : _:(1) · seed disinfection.; and (:2} sofil :· ste:.iilization .. , . 

··-'Historidally seed has · been disinfected e:i,t'h.-er. by m'eans of a:. 
chemical ·t;rea.tment ·such as a fungioide •, ·:w :,~bJ. means of a . : : 
physical treatment such a.s a ·hot water ;r:di!p,~ ' .·Presently. the ·. ' 
chemical methods of seed d.ishi f'ection show the most promise. 
In the case of fo::est .tree seed which usually undergoes a 
period of stratification, the seed ma.y be chemically tr(mted 
either before, during, or after stratHication. Soil steril.i-
zs.tiori also may be a ccomplishe d by chemical or physical treat-
ments. Soil sterilization in the field is usually accomplished 
by chemical treatments such e.s th e application of soil drenches 
or soil fumigan-t.s . The soil .fumigant ,s, meth yl bromide and 
chloropicrin seei.i'!. to _ be especially promising. 

The second method of combating the problem , that of ridding 
seedling roots of associated pathogens again may be accom-
plished by cherrd.cal or physical treatments. Physical treatments 
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such as ·heat therapy has been fr~quently explored. by the . ... 
agricultural plant pathologist with varying degrees of success. 

:-._~n-: ~?~e, ~_?pifers which suffer w~en t~e root,s ar~ i:inrQ~+:sed: fq:r_ 
·10~-~ periods, as they would · be _ :rn a hot wat,e:r_ dip, there is .. 
hope . that -a stream air mixture being developed by Baker a~ · UC::LA 

' JA&Y J?:rOve effective. The continuous development of new .fungi-
ci _de$l · especially with low phytotoxici'ty ·ipc.rease .s th~ possibility 
'that cihemcitheraperntic root dips may well be a future .-solution 
to the pr·oblem • 

. . '.Q!:?:je _c§?ns ~_!xi stin g Control }leasures 
· - • .l I. 

,_.v(, . 'I'hi's last year during soil fumigation tria J.s one . of the most 
'·'{requ ·eit questions asked was, "What will -chis · tumigant do to-· 

,. .t he _ ·mycorrhizal fungi? Will they be killed and if so how will 
the seedlings react?" Samples obtained this October from . ?~: fumigation plots showed that with _the dosages used, · that ·- ·;_ . 

.. •· mycorrhizae were pre sent and well developed on the roots . of . 
sugar pi11e seedlings grown in the fumigated soil. . 

.Apo-t,her objection which is often voiced is t _hat _ the _ ~erilized 
·,so~l is an excellent medium .thrpugh which ,fast groW_i,-ig- patho-

,_genic _fungi may quickly spreai:f due to ,the lac ,k of _ competitive 
inicrobes. The advocates of soil fumigation count:Sr with the ·. 
argument that the dosages they use to eliminate the pathogen are 
not high enough to sterilize the soil but instead :Leave many . 
microbes which can compete with invading · pathogen s; 

An objection which i$ .· not of.ten heard but which · Iriay.beco~e . 
important in the future . concern 's the accumul atipn of · phytotoxic 
principle ·s in the Soil _due to repeatep. f·umigatiq~ •.. Theri --.i~ .some 
evidence :in strawberry cult,ure that yearly applications of , : · 
methyl bromide to · the soil result ·s in correspondi ng yearly in.:. 
creases in the bromine coriti3nt of the strawberry foliage _. This . 
would indicate that t4ere is ?,.P increase in the brornibe content 
in the soii each yea:r due . to the addition of methyl , bromide~ ·:·_. 
Thug the possipili ty of _the ~9cumuiation _of phytot .ox:j_c pr;i.nci .~ 
ples in t}le soil should be _ .):{?p~ ;in mind when recbI)llllendatioris .. 
for _ pei!iodic fumigati _on are ·made. · · · , 

. ... ,, 
'" : J· -: i·;.· 

: ·.-: ; .~ 
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.,, · :-'.•:oP~JijG,~O~f ~, A COJ,fCEPI.', A PATHCG.EN, A HOST,:;:n_.·-:,··:1;':, 
.. ;·:_ ·, . .. - ·, . .. .. ..AND A DISEASE . .. . ,·,:·.·,·· .,, . ·:' ) • .'~-'. .. ." ' . . . ·: : ·= .•. , . .r : .- . , . . 

•t: :.> -=:. I • • \ ' . .. .. . .~ ' 
• • •~ : • I ' ; 

H. S •. Whitney 
· : __ ;: ·- .... ~!;;: . :~ ('· : :~•-·· _, ... = . .. : . · :. 

·: :· . ,.. . . . : -: _. i '-:. 

In keeptrig with .t _he ·general tpeme of this conference, of . asking 
questions 'ptther t}:lan pr~~enting answers , it is my int .ent:ilon- ;to 
quic ,kJ.y· describe damping-off and then to indicate by way- of 
quest i :ons, . a few major gaps .in our knowledge of this disease .-: 

Damping-off is the name of a common diseaEe of germinated 
seeds. and of young seedlings which is cauEed by f-ilamentous - · :-_ 
fungi. Most plant f?P~cies are affected (8,10). , This ·disease ., 
-h~s been known ever since pl{lnts ' have been grown _in dense . seed 
beqs for planting out • . T~~-fungi causing damping-off are .more 
o,; less non ..,specialized soil-inhabiting facultative parasit ·es. 
!fill.zoctonia, Pythium .and Fusarium ar~ . the most consistently 
associated _generao _ Howev~r, Qther genera such as P~ophthora, 
Diplodia, Cylindrocladiurri, Pes ·talotia, Botrytis, Sclerotium and 
others _l)~ve. also been shown to be .. pathog.enic :·(4, -B). · · ... : ·.:. . ' . . . . . . 

Tll;reej~~s of damping-off o.f. oonifero'l;ls : see<;Uings , have been · 
di s_tirig,Ji sh_ed.~ . _These arei.~ pre,..,.emerge;nce , , post ... ~e:rgence, and 
late or ·$tanc3:ing damping~of:f .; · · Emerg~nce -~in eaqh :;case ·refer-a to 
emergence of seedlings ·from soil. -.,, . 

Pre--em~rg~:ric_e 9:8:mping~off consi.;t::.; _ J n.:-.attacki .-,inju _ry, , and 
killitig of _-·g(:!:r:rntnated seecj.s,,,anc;i.Jse~dlings ,.;betqrEl :they emerge , 
f.rom .the .-.·s,o:i),; ··.Ther~ are_;. nQ. ... p~~~r,y~b!e symptoms .. pf:,:this dis• 
ease as .tt occurs - in '11c;i.~v_r~r.:· : ,;·:• ''•:.• ·.. . ,_; _ _;:'.) :,. : .· 

• .,., • • . , -. · 1• •• ,:.~·• •• "•~.~ ... _,._rJJ ·,;_: -~-·. · . _._: · :q:·· .. :::, ~~i~/:·::, · . . • • -

Symptbl)is · of _po~t~ _em~rgen,,q~ }~aniJ?::y;JI?;":!'Off begin . w:iJ:ih,,~,~loss of 
tu 'rgor and a di scolor~tion 01'.. ~pe., hypocotyl at . the ,gro-und 
level. Elongat;iori . ·c.eases .an&:,s,eedl:i.,ngs may not -u~)look •if in 
the l'oop _ s~age ; wh.ein _ .. attac:ke.d •. ,: (,. .. . ... , .. , 

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

Hypocotyl nec:rp.st~ an_q._ death .gf t,he-::seedling fpllow .. qu;i.c:kly, 
usually within . 48 hcnir·s . The seedlings topple . over and signs 
of ·the pathogen • become evident. Recovery from post-emergence 
damping .. _off _j_s not generally obse rved. 

. .• . , 
Late ' or standing damping-off is si.'miiar to post-emergence 
damping-off but is characterized by failure of diseased ·plants 
to topple over. This .results in seedlings which are - "standing 
dead. 11 · · 

Environm~ntal conditions for optimum development of the · disease 
may be ne~rly t,he . _same al:!. th.ose for the optimum d:evelopment of:' 
the seedli, _pg s ,': depending ·on :thi plants . and path~gens involved. 

. : :: :-: . . . . . . , 
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Damping..;off frequently occurs and is -most conspicuous in 
nurse:: .--y beds as an epidemic but it also occurs endemically. 

Sampling proce dure and proof of patho genesis probably present 
the principle clifficul ties in measurin g damping-off losses in 
forest i·,r ee 1rnr sery be ds . Because of these and other diffi ... 
cu~ties the economic significa:r.ce of clampi ng-off losses, 
pa.:r:i,tcularly losses due to endemic damping--off is very 
dirficult t ,o determin e . It seems safe - t o say however that 
at -.no other time in the history of a ·forest stand can so little 
do so much to so many. 

Present '. .con-:.;rol measur e s f or damping..,off' a:.·e based. largely 
on protection from infeGt:l.on and on era dication · of the pathogen. 

: Control procedures differ from one nur ser y to the next and ··,· 
within the same nursery from one year to t he next. This to..; 
gether with the fact that tod.B.y1 s contro l "ll!easures are . a result 
of extensive empirical experiments ,_ bea.rs _ t.J?.t.ness tQ the.re · ... , 

_.;peing large gaps in our. urn;l.erstanding · of ,this -·di -sease." · _ 

,:\~e firs{ ··~uestion I wouia: ··1:1.k·e to a~k :c~~-~:;~~ :s-·'the co~c~pt · .. ·. 
of types of damp:i.ng~off . .Are there really three types of 
damping~ff? What _ are their similarities, their ' differences, 
,their . interrelationships? . -Is there any valid basis for dis-

.: tinguishing among these types of d.amp:i.ng-off? -AfEf the 
differences in kind or in degree? · ,.~ ·,.· 

Considering pre-emergence . dampi:t'.'g-off first: How··muoh ·11no . 
shw.'' ·~--is due to the action · of pathogenic filamentous .fungi"? · 
Positive evidence for pre-emergence damping 0 off dati' 'be obtained 
under controlled condition s but the exact role of 'fuhgi 'in · 
.pre-e..111ergence damping-off in the nursery is not ea,sily ascer-
tained. This is probab l y because there are many fac:tors such 
as viab:i.li ty, . temperature, moisture, inse ct:s , ,small niainmals= ;· 
and birds, as well as numerous cultural p:l:'actices :whi'ch in_.;·=·. 
fluence seedling emergence. TJntil all fa.ctor ·s aff-ectir1t f :. ,·; •,: 

' germination and development of seedlings are better understood 
the ... nature and importance of pre-emergence darnping.:.off will -' · 
remain a matter of speculation . ·- · ' · .· .. . ; ·' 

'· .-,··. ; · . 

Nevertheless laboratory experiments and field · observatiorit · 
leave little doubt that pre-emergence damping-off does od'cur. 

· ...... . 
Post ... eme:r.gence damping-off is characterizad by attack on -the .· 
}lypocotyl at or just below, the groun d. level. The·' cortical · 
tissues collapse and as the disease progresses, seedlings fall 
over . -Attack by damping-off fungi may also be gin well below 

·-:tbl3- soil line on the hypocotyl or roots of emerged seedlings. ' 
Such .infections, especially those below gr ound, ;ate similar 
to pre-eme!\gence damping-off infect i ons except ' po·ssibly in age 
of cells attacked . 
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l :?~-?-PlY.,;F~a~ ;_9~f,f_erenc~; be:tl-[een pre- anq ::,?OS:Y;:~~r.f5!:/np,E?9;., ·>· 
dam~n,g\o.f_t -J.·_S .• :i.n whether :· or.,_ not . th _e se;eci;L:ing _s P~X~ ern~tge..d,.; 
f:tQJJI. Jhe soi-1, .ai;. the . time of_ attack, . .. .-. < .. : , ,. , . ·:; - ·· · 

•;·,. ,,;;-,.·; :, ', .. '.;: ~-~:.:_.:.;·::·:.:::.~:: :>",'.: ... ·.. . .. : ·. - . . ·., ';- -''... ..· .:-: ·: ~/_'."'_~--
tal~ -daniping~off r :e-~lts Jrom atta6k _py filamenti6us · fungt ·"oif 
older seedlings ._ which hav_e . developed a· vascular syst 'eitf .$\l'i'.ff!" 
cientiy strong to support them after loss of turgor which ' ' · 
occu;rE! d,uring . pathogenesis. Injury may be primarily t _q ,tqe . 
1.'.0ots :or._ to the stem at or below the grour -d level. · _·_. ·· ·'·.· . . : . ; . . . . . . . . ·; ( .. _ 

, :'Jo.\liougb· -:;o~ri~ seediing s may develop ~( supp.ortin _g · vascu la/ _:,);. 
. ___ : ·; __ 'cyiii')~er ."and still be i;n perfect health, 'Ke mu st _ consider that 
.• '· '.:. ·:o.tfier.: .,seecliing s wouid not. . Older se edii._ng s may be predisposed 

C' ;-:.,'._t<Ldlsease by one or more physical and or bio;Logic~ f.ac_£oI's 
-~:.:;;~·::'and ··:·the resulting disease is called late d.amping~of-f. :. From 

observatioris of disease development in forest nursery beds and 
•,;from ;reports of . studies of factors affecting disease develqp-

_nient · in se_edlings of oth '.E¢; crops, it seems reasonable to , suggest 
that fungus infection of older seedlings in an 'earlier stage of 
development could act as a predisposing factor. That is to ·say 
that -_.pre-?Pd post-emergence , dq!llping-off could predispose seed-
lings t ·o late . dampi.J)g-,off. . In this sense late damping-off is 
thougbt -o_f as a continuation of post-emergence . dampin_g-off. 
Further ··; :tt is hypothe'Si<zed that the stag ·e of , development of 
the .. n.ost at the time of infection and the rate and ext,e,nt of 
dis~ase d.e;elopment are prim~. factors in det~rmining 'whether 

. pre-, post- or late damping~6f-f result's; and also that all 
t!).l'ee ,tyn~s. ,.are different .manifestations of th.e same disease. - . . ···-- :. . . . . . . . 

Some questions that ~ight: be asked at this p~r'nt Ji~;::,· How 
many seedlings in a first year planting have neyel'.'. b..El~Il attacked 

. . . . . . .·. ! ' · . • 
by damping-off fungi? How can oue distinguish among root or 

,,, bypq~otyl _.,rot . __ and late or incipient po st ... emergence .. dai:n,p:i,.ng-off? 
c .. )lll~f are · s~e factors det~rmining the fate _of atta,6kEl9-.;_·~~~t4ings? 

;,,,, -It -is Sl;lggested that ·to .. clas~ify or divide soil-borne _diseases 
. . ~·_9f .. s~ea.;lings into narrow-types represents _a gap, perhaps an_ 

,': .::,,-•,.-Elv.e(rtl4Eliiing gap, _in ou:r ·th:i,nking about such dis;3ases _!_ · 
. . 

· ' · · • -rc· ·J · r,· · .·· · , ,. , • : : •.. .. : . .. . . 
'. .. t ;wouidJike _pe~t ~o mention some speci~l .. _problems ref_~rrtl)g 

--~' ; prj.nciP41+y ·_)6 'd8!ll,pir;ig-ot'f. of; coniferous -~e~dl:i,~g s C8;U's:ed PY 
····· ·Rhizoct6nia~ · . . . ·, · . · _·· · · · · ,. .·•.,. ·· ----- -· :. : . : .. -.: .. -.• ;.: . . . -·· -~ . :: -:'. . ; . 

. · :·-~---•:-,:.· =·--1· .-•--:;•.:- : :·._ -~-·· . . . . . . ,._ 
·· Corisiµe,:i'\ i'irst : the .fungu ,s. _. On~ of tlle most _freguent;I.y' asked 
and. least ' frequently an·swered questioris _.Q6nce:rning Rhf-zo·ctonia 
is, how does thi ·s fungus survive in soil . in the absence of" its 
.. l;l.0~tt .,,,'.];~r1? i .s eviQ.E;lpce: .. for :i,.ts survival . as a sap:r.9phyte __ in 
s9il ' {2_),,' ···;:s.v;t.;,t,,b.~re._·_is also _ evide11ce that · it ;i..s cl: p9or · com~ 

, ;_P.e~:i,tor · un,~ .~\ c~~rt~fP., c9.n.diti _ons :with, ··_ot~e .;r.' s?il . s_~roppytes 
... • ... 03). Ther.~ ~r..e. rep ,9rts_ .. o;f .fungus pa:i::P:s:Ltes._p.hd an'tag.onists 
. :: Jo ... Rhizoct9n:ta .::(J.}~.; ·ahizoctonia _Iriay f.orm .scler9tia whic .h · can 
... , .:·sutvive in .soil ' .tor . s~v.eral _years (9.~ '14} . Thts fung:u·s, _has 
' been repo 'rted · as ·a non.:pathogenic c·omponent of the rhizosphere 
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of certain plants {1?). Increased microbial activity in' S~il 
has been reported to s~ppress the pathogenic act 'i _vi ty an'ci ... 
saprophytic colonizing ability of ~octonia . (5) No· com-
prehensive synthesis has been made however of all the rel _evant 
information and the exact mode of saprophytic . survival ap~ .. · 

''behavior of ~.2.,C~ itl soil is still anyone~s guess • . 

Orl°e major difficulty in · stud'<Jing the behavio ·r o( this fungus 
in soil is that it is difficult to isolate. As is well known, 
Rhizoctonia does not show up i:q ord;:i.:i1a.ry soil dilution plates • 

.. I~. can _and has been isolated. by pla:t.ing out my_celial fragments, 
;··?cl~rotia s bits of decaying orgarJic matter; and by using _ specific . 
'' o.i:ga11ic bait .s. These metho ds are . tedious and highly' selective, 

and a ·· simple method of measuring the total amouri't of Rhizoctonia 
in .soil is still lacking . 

Some gaps in our knowledge of damping.;off resulting from a ) .. ack 
, of information on the survival and behavior of this fungus in 

soil are: 

What is the inoculum potential in __ given seed bed? 

Wlfa.t is the infective unit of Rhizo '~toriia in soil? 

What is the half-life an~ generation time for a given 
population of Rhizoctoni'a in soil? " 

At what stage in the life · cycle of this organism can we 
employ control measures to best advantage? . 

·What are the possibilities of biologic~l control? 

Another important phenomenon relating _ to the pathogen tpat _ :is 
important . :in so far . as disease i ·s concerned ·is _tha:t of genetic 

· variabilityo It seems that Rhizoctonia has an a.J.most Ul')limited 
capacity for variation . This is achieved . prim?,rily by s·egre-
gation and recombination of genes in · the basidium~ 'by anastomosis 
and nuclear migration wlthin clones and by natural mutation.- ·We 
should have a .thorough understanding of the formation, occur ·-
rence and distribution o:~· the perfect stage ' in nature. · We aiso 
need to know more about mutations and mutation rates i-li t/hts 
fungus. The extensive capacity for variation in Rhizoct,E>nia 
suggests that we should expect changes in the .·fupgus and . in 

·dfseases- ·--which it causes. ·' 
{;\: •• -, ;~ .:. :.:. I . 

I will rib~ donsider briefly the host pl/3.nt~ It has been shown 
that for -seedlings in general, including conifers, that the 
faster ·thf 0host develops the less the diseas~ ',·develops (6, 11, 
12, 15·, ·t6): ' It is commonly observed that cori~·fe:rous seedlings 
become· progressively more resistant to damping_-~~f as they _ age. 
Seedling~ a month or more emerged a.re not usu_ally susceptible~ 

: . . . . 

n 
- ;:;, 

ii' 

"l Ii I 
"·. 

( 

' /! , 



t 

From such observations it might be concluded that seedlings 
.. Sf.!RU],.d1~1)..e, -p.gecl, a;$. ..rapidJy as possible, , ob:v,;i;ou.sly- howe,v0;;-.,:>,i i:'~ 
;,sp~E3ll}~ng, 9.½h~r /than , t,·:i.ple, .i _tself' mus t-,.be i:qyplveq,~ ii , , .,= , . : . , , .! 

J . ··1:,:::'-•·:·:·.:·c'~·~r;·_::..·•:•·; .· ··. :: .. -~~iJ:d; :1• -:) .:, -~·-- ··:1 ... •·::·,_:·_i:: • 
It ,,:h?-:.S.· P:e.'P.P.· sll.pwn that _ J,,ignif;i.,oation i _n: -cell w~ll~ : i .s :i,m~ -;.-;·,~ ... 
p.9;r:::J;ant .. in : 8;rp~f s.t,:i;ng the -.de:VelopmElbt . . _of P:y!!E-~, 9-qll)p;lngrot.f, ., ,:· 
in cucumoev., -$Ged.;l.ings (12). :Also _ :the dev elopment ,.of cuttcle :-, 
as {f ,affea{s: pe,!Jll(;labil.ity :and . pe11etration has been c_ited ai .. 
importan f,in de;tennin;i.ng ._~sceptib,ility .of radish seed.lings ·· 
attaclrnd .):>y _ _.Rhizoct-onia ·-(7) :,= Simi-lar : cltapges in compo~:iJ,i~m.-J·. 
an·d .ot -:stru c;');u~_e i n cell walls of . _conif ero -qs s,eedlings · may .jj-~-
-µnportant , _in .. t,he __ resistance of ·: conifer.au s seedlings to ·dampin_g-
off. If threa day old seedlin gs: cou],d -be induced to have cell 
walls like those of thirt y day old seedlin gs perhaps damping-
off .lo.sses . ,would not he as severe. 

• • h • • • • • • 

so'me questio~s I would like to ·raise which · concern . tne ;ho-st:··:_:· 
and pathogen together are: what is the first step in patho-

_,genesi-s _? Where; <ioes it occ1;1r: on .the host; _ and why? _"What are 
some factors -goperping th;e(meeting of the pathogen and . host? , , 

·_:·. ;· . ·,1' : · ;. • . •. · . 

Wh~p ,Rhizoctonia attaclcs see.dling s of : several,; -_host- p!Lant .. s:, ·::·, . .-
including white spruce, the fungus character;i.:S:tiqally : forms.-, . 
infection cushions. Infection cushions are formed by multiple _ 
branchi.ng of_ hyphal · tips. : -~vidence has been. _9btaine..O:: th~t for 
radish .seedl~ng .s, there :_is ._a•J!hemi_cal substance ,.wbich ,diffuses 
from the hypqq.p;tyl -and.-, st,i~ates __ th€),.q._evelomey;1.t .of -the:® 
infection. cq~hk.ons -(7)..,;:1,It _, h{l:::J, b~ep :)1.-ypotpesize _q.)_that : this -,.: 
stimulus can .nqt, .. e_scapE) ~ro.m _:th~,. seedJ,:ing aftel'. .:tb,e:·.cuti _qle - i .s 
wel). . developed .. ._.. _;. ···i ·~.n · " J ·L . . _. 

. ,:,·: - ; . ·,: .. , : .. r-r.:· . ... 
Rhizocto.nia ·at,tacking ·white spruce seedJ,ing _s , -pp, wi.ter agar ,ha .s 
been observed to cont -act and - grow -bey=op.d the · seedlings .for -15 
to 20 mm. with no development of infection cushions at first. 
The first signs of infection cushions are seen after two to 
three days. This development,-- ts op served to ·be localized on 
the hypocotyl although other regions of the seedling may have 
also · beer r overgrowp ,,by . ttie ·:fvngu .s. ;:/• Jnfection cushion .dev-elop-
ment : then ~ apr .eads -towar,d~ the ·-.shoot · and rqqt -, ~pices, and the 
seedlings are usually ,_ d.eaP-. within 36. hours. ~ Why .:i ·S there an 
initial delay in the infection process? Why does the pathogen 
deyelop l!:eyond the seedling at first? W)::ly; Q-s the initia. ): in ,- · 
fectiofi . f ·e·stricteq. to the _hypocot yl? -How, can= thes~ , observations 
be interpreted in terms of diffusio n of a stirnuiu ·s and cuticu-
larization? :.· ::=c .· . .. ,··., ·' .. 

• ••;• .• ~• : •. :~ ;;" ~ ~. : • .-, ~, "I• • r 

Further resea.roh , into · .t .he. -det ails : .Pf -.:th-es~- ·~nd other . host 
pathogen relatio.n ·ships :"Jl' .-a .. phy6iOlogic ·a\ .nat"J.l:re sho\lld be 
carried out usi"rig ·homogenetic . see ~tL:i{igs·:ar\a a, homok-aryotic 
patho gen, studied separately and together in controlled phy,si-
cal -and·biolo gi cal con<;litiohs ~ -··, •. -~_;('.'. 
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Finally a word or two on ·control of damping-off": Present ·cJh.., 
trol, which is based largely on prevention and eradication~ is 
achieved by a combination 0f four different semi-successful 
methods r soil pasteurization, seed treatment, po·st-emergencJ · 
treatment (spr _ays and dusts) and improved cultural practices. 
It seems that there is no universal control recommendation · 
which will be effective in all nurseries at all times, and 
best results have been obtained by adapi;,ir'Jg these four _ 
approa ·ches to local conditions. It is age.in emphasized that · 
the unpredictable and largely unexplicable results obtained in 

•·>effo ·rts to control damping-off illustrate that ·we have a great 
.,:deal to learn about diseases in nursery be:ds ; 

Future programs for the control of damping- off should be an 
integral part of a general p1·ogram of producing pathogen-free 
shipping stock. 

I would like to conclude by drawing t o your attention a state-
ment made by Dr. Kenneth F. Bake:c · (1). This ·statement 
concerns diseaaes in seed beds of horticultural and vegetable 
crops, but I believe it i ·s equally' appiicabie ~to disea :ses in 
forest tree nursery beds. · · ,··. · 

11Many explanations are offerred for the failure of a nursery _ 
· crop, and these often confuse rather than clarify. Thus it 
is said that flats of seedlings · have · ha<im water~d too much 
or too . little, · the seedlings were : pianted. too · ·deep or too · . 

· shallow, the weather was too hot, the plants were too soft · ·: .· 
or too hard, or came from a poor lot of seed, or were grown 
in the wrong soil mix. In most cases investigation has 
revealed that pathogens had caused the · disease and . that the 
c.ondi tion blamed had merely · aggravat-ed the · trouble ·.·n-

. . ·' ·. . .. ·: . . . 
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APPENDIX I 

• • i : : .. •• - ; 

:t;/ ;};:-.-:-,_: . ..i:.·.;:::::;;•·: -:~.: .. . 1:,~;J:· 1
.-•• ~ · i '{).,i \ i_. :···--

(Project leaders' affiliations and addresses are ,given in the 
Membership List, Appendix VII.) 
~-~: •:,,.: r{;~ .j• .. :: ::--:;:;,: •• ::_. •: • ' :••; . \ •:.: : I ••: • :• ' • 

-. ..... -:. , ..... •1.- : , ,·-: 

C . .... Gone,, S.e.~d:1 a,pq S,eedling_ Diseases 
r: ='"!:.:r ·:·. ·. ..· ·- \. -·.. , .. ~--
. 60-c-1 Disease losses in redwood reproduction (J . R. 

:·.-·.·. 

-l :"i = : 

! .. : :: -::P~m.e:ce.r .,- Jp ,.-) ,·_: ,-,·,. _. 

0]2_~1.ect;i.ye.~·; 'J'.·o :determine the pa thogens responsi-
.·b.le for • damping-off and root••:-:-ot losses in 
natural · re dwo:od. _reproduction and to investigate 
disease dev el opment • 

. · .. ,, -:: ... 

60..,c-~ . Isolation of :so;L.l :"8,t1;d ;root fungi (J. R~ 
Pal'llleter, ,Jr,.J ; _·-.:_,)~•,.·: :._ • :: 

Objective: •ro develop techniques for t,he selec-
. ·-tive . t .ao;l.ation ;_of --certain fungi !rom soil or 

root .~ .t ci impro.v·e met.hod~ .. f qr.: ~tu dying fungus 
populations : it t ·.§9il . anoi-i:i;•pots -. 

. . · :: •:: :. :. . . ·-. •.': :; :. 

60-C-3 .. _Rhiz_octonia, _.dalnpipg:-of;t;, :of..-nur sery seedlings 
(H, · S. Whitney) 

Objective: To investigate the physiological inter-
relati _qnships of--hos:t !;l.nd pathogen in- ::the ;-•· ... --
development of -~ping-off •. 

. . .. ·• •, : .. ; . . . ,. ... 

,F, · . Ste~ -Diseas~s ·--:,_}'1alformations, Witches 1 Brciom·s, Dwarf-
mistletoes, etc. 

60-F'.-l :, .Stu di~~ :-of : dwarf •m;i...stletoe in British · 6olumbia· , 

: . . :::.: .~:: ·, ,:_-.. 

·• = .. ; . : : .i ... \ r·, ·_:· 

(R. $~ . .--Foster}- . 

Objectives: :. , T:0 a.etermine · the , ·chromosome charac-
te~isti-cs :· of ·: ·North .Ameridan. miembers. of . the genus 
Arceuthobium, to · examine ·host range, . to dete"rmine 
'naturally -.occurring biological agents, and to 
develop quantitai;,i.ve .an.d :·-quali-:t;ative measures of 
dwarf mistletoe infection and damage. 

!:!_ogre_@: -This : project :was. "initiat =ed in September 
1960 and objectives a.nd methodology are currently 

-, _ _. . J,und'er development. · ·In -general::,-. .howeyer, the 
-.:. ,:i·;{jnitial approach'""will be two-folt f{ :: CL) to att empt 

.~ic.: --,,: .. ' r; ':1o , gain r :eliable criteria of separation of the 

,. 
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different species and fonnae, and (2) to attempt 
to define recognizable categories of dwarf mistle-
toe infection that can be correlated with measureable 
:amounts of damage. , 

6o-F-2 Translocation relationships of natural substances 
and t oxicants between conifers and dwarf mistle- · 
toes (0. A. Leonard, R. J. Hull, and C. G. Gre~nham) 

Objective ,E_: (1) To study th e · translocation of 
natural materials between conifers and mistletoes 
and the tiss ues j_nvolved i11 transport. (2) To 
·stu dy the tra nslo cat ion of t(xicants between con{ .. 
fers and mi st l etoes. (This is a NSF project) 

6o-F-3 Losses re sult in g fr om growth reduction and mortality 
in lodgepo le pi ne stands i nfected by ·dwarfmistletoe, 
Arceuthobium americanum Nutt e ex . Engelln . (J. A. Baranyay )':'"'~~,. -~~~---- . . 
Objectives: (1) To demonstrate the amount of 
losses ris°ulting from gro-vrth reduction in different 
age cl asse s, under a variety of site conditions 
and intensities of infection ; and (2) to demonb 
strate th e extent of mortality that 'resul t ·s in 
different age classes, under a variety of site 
conditions and intensities of infection. 

60-F•4 ' Impact of dwarfmistletoe on ponderos~ · pine (R. A. 
Yoder and T. W. Childs). 

Objective: To det ennine quantitatively the effect 
... qf :.dwat•fmistletoe on productivity of ponder .osa .pine 

sta1.1ds. . . :· :.>,:=:.-·. · 

6o-F-5 Life tables for ponderosa pine and lodgepole ' ·pine 
dwarfmistlet oes ( F. G. Hawksworth) • . ·· 

·.Ql>.ject~ ~-= To det ermine what propor:tion of the 
seeds produced alj_ght on the tiiees, ·the redistr j.-
bution of seeds following land:i;l)g, the .proportion 
·that germinate m1d cause i nf ection, and factors 
affecting sur,r i val of young •infection. 

60-F-6 Eff ects of d:warfmirr Gl eto e on yields in young lodge-
pole pine (F. G. HawkS1-10r th ). 

: ··:.·· 

,,. 

Object i ves: To determi ne the effects •of dwarf-
mTst1etoe = on volume, diamet er, and height growth 
and basal ar ea in lodgepole pine stands under 150 
years old. I 
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G. Stem Diseases •~ Stains and Decays .... ;_ .. 
~-n' • • •• • 

60~~i_': S;tu~ of o,e~ay : iu spruce.) · bfl.].sain -~d ) .. odgepole 
- ·: : <.·-pine in tJ1E? Wet :~~lt o~ the _._ I{~lo9p-s _ Forest 

\".•·-~·-'-~- .-._:: · fu'.strict ··of :~ritish ·~olumbia . (J •. :E.. Browne). 
'._:· !~ .. . .. -:.:"_-::-· _·.:-~ .. :· ,_~- ----~.:~----: .. _ ... . ··: ,. ;. _.- -- ·~.. _· ·=··t " ·: -~--

'-" ; . _· :O!iJ e:s:fil~f: :: - (l}'TQ ·determine the ,: e.xtent of 
'- · ,. ·· ·_d.ecai ::t:n st~ q.s of spru<?t;i-:, balsam and . . lodgepole 

,_._,t·:• . . · pirie in <the Wet .Belt of .-.the Karnloops forest 
· · · District ·; (2)" ·To det~rrriine t he external indica-

'cors of decay 2 ·a.,.'id to assess their value as aids 
to cruisin g; (3) To identif: r the fungi of 
rn~jor impo1:'.t~p9e,. . . . , .... 

Results to date: Seven hundred spruce and bal"sam were~ anaiyse ~din detail in a ma.ture forest in- :the 
Hendrix . Creek area. ·Heart rots caused chiefly by 
}~chinodontium tinc t orium , Fomes pini, and evidently 
~tere~, . san guin9 le_p~:9~ wer"a" found _ to '. _be of major 
:aignif;l9ance. ·.Aualysis of the data g~there d, and 

,; •. · · ·.· · -~1-ci~ntifi _bation pf . .fungi . is in pr6g;res ·s·~ 
: • •• •: r •::. • I • • • • ' \ • ' . • • 

,., 
• . '•· 

H. Stern Diseases - Rusts and .Cankers ;. 

60-iI..:i=" studies of for~ _st tree rusts i;n Alberta (J. E • 

60•H-2 

. . Nighswander) -~ .· . . . . ... 
,·•·; 

Objectives: (i) Long term: · .. To_· st~dy aspects of 
the geneti _cs of the ,.J1J.9re · important forest tree 

.-rl;l-sts of .Aiberta, _ :with . the final aim of eluci-
. ci.atirig ·some of thEfmajor . factors influencing their 
epidemiology. (2) _'.._Short term: To make a com-
parative · study ·of the nucle~phenomena of 
perida~ harknessii and?..· stalactiforme. 

Ind:llction of resistance -to _ Oronartium .'ribico~a ?; 
in Pinus monticola seedlings QY seedtreatm'ezl't • 
witii' ._cEenic,al _mutagens . (J .ames w. Han~ver) ~:- ~:· .. : .:, .. _:., -·: . . . ., . 

,·. Objecti V'~~ ( . •ro'· ·dete "rin:1.~:e. -~he e.ff ect s ·. ~f ethylene 
methane sulfonate, a chemical mutagen, on w~stern 
whi;te pin _E3_ seed .. In, __ p8.rticular, to :study its 

_' eff"ect1;1 __ on· the dis~ase resistanc~ _fact~\rs in white 
· ·pine. -:. .. . 3 

60.;;Ji;.;;3.' Comparative bj_och~istry of°' re -~i1ia:nt a~d non-
'·:,-~ -'~_-:: ·-:·r_~-~i~tan:t . Pinus ri10ntico1& t,o_ i:t1fect~ciil ":Jly 

·· :-·.-... . . .. ::.:·,<:'..' .. Cronar't±:um··ribicola (James W., Hanov:er)-.--
:;:·;· · ·· .: ·(. :_ ·. ~l,p , ... • '. .. . • • • • • • .,,. L. • 

.. 
Ob.1ectives : It is highly desirable that a rapid 
means be found for detecting · resistance to blister 
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rust in very young pine seedlings. :. To'· determine 
the basis for resistance to a disease which seems 

· to be physiological in . nature, two types of in-
formation are -required . First, the 'bioche~istry 
of the host must be completely understood, and 
second, the nutritional requirements of the 
parasite must be elaborat.ed. T.his project will 
provide the first body of information by studying 
the biochemistry of needle and bark tissues of 
resistant and non-resistant W•3stern white pines. 

J. Defects and Decays~.f£pj.uct.§_, Dea~Timber, Slash, 
Etc. 

1 · . . · 

-
J-60-1 Relation of wood inhabitin g f·mgi to preservatives 

(J. W. Roff and · A. J. Cserjes:L) •. 

Objectives: To .study: 'the brown . mold Ascocybe 
groves11 in relation to it .s growth requirements 
and reaction to ·pre ·servativ ·es using both malt 
agar and wood media, 

General remarks: . Chemical compounds :for use as 
preservatives on wood products against fungal 
deterioration are applied generally · throughout the 
trade. · While these are largely toxic to a variety 
of organisms , situations arise under which specific 
fungi appear · t .ol.erc.o.nt to applications . . normally con-
sidered to be inhibitory. Ascocybe gr ·ovesii which 
occurs in different tree species is also commonly 
reported on green lumber treated with commercial 
sap stain arid .mold preventatives containing sodium 
pentachcorophenate .. 

K. · Misc.ellaneous Studies 
. ; .f- . 

60-K-1 . Tests of the efficacy of systemic fungicides on 
four native rusts and one needle cast fungus 
(James L. Mielke) 

. : ; :J :_· ... ,, 
'01?jectiv~: To test various ·antibiotics such as 
. phyto~ctin., and Acti~.d.:ione and its derivatives 
to detennine their usefulness in direct contTo l of: 
(1) Peride:cmium fHlamentosum; (2) Cronartium · 
corria.ncirae;---n; ·c.·stalactiforme on ponderosa . and 
lodg~pole pines;- . (4) !'1elarnps.Qr~la ca1·yophylacearum 
on · subalpine fir; and 15) .El:vtJ:~2£:yrm.§:. deforman~ on 
ponderosa pine, ., 

( 



t 

60-K-2 , ,SystElm:i.c :fungicides in Douglas fir ··(Li ' •C~ Weitf f . .. .. . ... • 

. i • • . 

. . .. ~, 

Objectives : To examine the translocation of 
systemic fungi _cides in Dougias ·"fir :,-·•to :,cdnduct 

. field . tests of control of Rhahdocli'lie needle 
·ca1?.t° and .to uri"derta.ke bio-assays _of ··fungi re-
spq;1 sible for dJsease in Douglas fir. 

G~~er:ai remarks~ · . This ·p:roj e·ct is being under'"' 
taken by --t_he Fore st : Biology Laboratory ·, Victoria, 
in · . .c,ooperation with Iowa Stat ie College. ' It con• 
st1tutes the initial phase of a more comprehensive 
project by the Forest Biology Laboratory to re:view 
the experience in forest disease control and ·t'o · 
undertake and coordinate stud:i.es in the silvi-
cu],tural, chemical, and · biological control of 
·British Columbia . tree diseases. · 

• i·_' • 

.... ·Pr~gr.ess~ . F-ield trials were undertaken :ori 360 
._. >trees .. i.n _ a --Rhal:,)docline. area in 'the ' 'Interi'~r region 
.of B. c . . Basal .stem and foliar -applica'.ti'6ns of 
-~ne systemic .fungicide •s _0r derivatives are being 

.. , .. teste ·d :i.p. .concentratio:ps ranging ..-from ' 100:..800 p.p.m. 
Samples are b~ing obtained at ·periodic int-ervals 

,_ to determine translocation and · persistence ·. 
. . ' . 

• - • • · • I 

ACTIVE PROJECTS:·- CHANGES 

F. Stem Pi .seases - Malform'9-tions, Witches' "Brooms~ Dwarfmistle-
> t,_qes, ·Etc • 

• 1 .. ,J - ' . : .· .-~. : 

55~F~2· Chemical control of dwarfmistletoe of conffers in 
• •• ,I. 

California. Change_ of project leader ·from R. V. 
Bega to C. R. Quick. ( _ 

-·"' . . , 

.. , .. :: ... - . . ,.\ ··4·•···• . 

APPENDIX· II · 

TERMINATED PROJECTS 
·,·· 

·-·' . ·: 

. ' .i. 
1_,. 

: ·•· ·, , :, .• _;_ .... <_ 

58-B-l Drought damage to western white pine and associated 
,\ . 

,.. 

.--.~P~-?i.e_s ._(c. p. Leaphart). · · · · ·,• · 

·1, ~~n:~·sually dry · summ~r in 1958, -characterized by 
abnormally high temperatures, damaged western white 
,p:i,ne,_ weste~n larch; grand fir, arid lodgepolEFpine ·· 
·iii a portion of northeastern Washington and northern ' 

.. Id~h9, J;)amage .. :ran ged from folia,ge w±1:tfng to · :death 
\ ot tr ~e.s. Aff.e.ot ed t '; es were from 3 · t6 25 £eat high. 
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5$-D-1 Root · stain disease of eastern white pine ( c·. ·· t,. -., 
Leaphart) • 

. The dying of eastern white pine in two plantations 
-in northwestern Montana is causeo_ by a root stain 
fungus, Verticicl~diella · sp. Death results from 
girdling action of the fungus at or near the root 
collar. It appears that this disease, which 

·radiates out· from a common_ center, may ·ca.use com-
. , plete destruction of the two plantations. No 

native tree species growing in the diseased centers 
· have been killed. 

SJ-H ... J .i White pine blister rust (W. A. Po1·ter) 

A final report on this -project is listed in Appendix 
nr of the current. Pro ceedin ·gs. The odginal objec-
tives of this project have been concluded and termi-
nated.} ·further activities , designed to evaluate 
selected -trees; have been incorporated within the 
·terms !"of . reference of 57-A-3, Exotic Plantation 

·,,,·. ·Studies. 'Existing plantations of selected material 
-w1.11:be maintained by the Provincial Forest Service 
·atid ·their condition repor .ted on from time to time by 
the · Forest Service and the Forest Biology Laboratory. 

53-J-2 Deterioration of wind-damaged spruce and. balsam 
forests (N: T. Engelhardt) . 

-?:'.:.?:~ L'.~.<.:?A . .fil'.ei;liminazy report, _ on. this project .:1-1-a.s list .ed as . 
No. 10 in Appendix IV of the Proceedings .bf the .. Sixth 
Conference. A final report has been accepted for 

,:-•· pub•lication and will appear as No. XXIIl in tne series 
··Stu'dies ·in Forest Pathology, Cdn. Dept .- ·Agric. 

53-G-2 Decay of alpine fir in the Prince George For¥st 
District (N. T. Engelhardt) 

The death of the project leader has necessitated that 
this project be terminated without formal reporting. 

56-I-1 Dieback of sapling Douglas fir in coastal British ' 
Columbia (W. A. Porter). 

: : . :· .:-: 

The final report on this project was listed as No. 46 
in Appendix IV of the Proceedin gs of the Seventh 
Conference. 

. ,• .' [ •· 

57-G-8 Scar-damaged spruc e-balsam forests (A~ K. Parker) ,, 

· .1~, A preliminary report on this project i.as · lhrted as 
No. 43 in Appendix IV o/ the ProceedingS ·or the Sixth 
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Conference. A final.report is list,ed :fn Appendix IV 
of the current Proceedings • 

.APPENDIX III -_·, ·. 

m:w_·on· MODIFIED.,TECHNIQUES _ 

r, ,· • 

. . . -· .,-. . . ; : --,.-.~. 

.: .· ~:- !--~,-. 

.p. Method of J~ing Dri"edCul.tur~Jor the _ ~ar~ - -
(R. J . Bourchier) 

·-
This ~e.thod ha s _"b.ein,_u-se~ for several years by Dr. S. J . 

Hughes of the Mycology- Unit of -the Plant Res~arch Inst:i.tute, 
Ca.na.da Depart ment of Agricultur e , otta we .• · It h2s been very 
useful at the Calgary· Laboratory and may be so to other 
members of the Conference • 

. - . ·- -. __ 'j :--. 
The procedura is as follows :· 

-l.r.epare -a dryiI)~ .:.be d or_ s1:1rface by stretching . "Parafilm" _ 
_ ov~:r a · sh~et qf glass , or masonite; . this can be any size to 

- accommodate · one or more ·cultures at one time .- Place a few 
drops of Mayer 1 s adhesive on the "Parafilm 11 and spread it till 
.:i;t_ :is slig~tly . largiqr .-:~han .the area of _a_·Petri plate. _ C1:Jt, t}:le 
agar ·aroupd .the co],.ony_ .w:Lth a scalpel in such . ·a way as to pro-
duce a di"sk··of ·agar w:Lt·h :e,dges·bevelled out aIJd down. The 
diameter of the lower surface ·of the disk will thus be greater 
than .the diameter. of the .-upper surface. Place .this disk 
be·a:r:i,ng°,_:\;heJungous c_olony _on the adhesiye and allow .-to dry 
for seve'i•ai ·a.ays. l\fter : dr~rj_ng, cut the 1'Para:(.;i.lm11 around 
the agar with a scalpel and peel away from t.he ··•glass or mason-

.. i ,t,~., TJ::ri.s produces a f.lexibl~ ,h"'.rbarium.-specinien ready for _.:\ 
filing. _ Paper. ).a°Qels can be,. placed, b..etvieen agar and "Parafilm 11 

prior to drying t-o·--·pl'bvide a --p~frmanent -means of identifying 
the specimen. · ' 

~-,-· . . ·. , ,: .. : : . :-::· 

2 . _ .Large~scale ·seedbed · in~bui~ti~~ th Cronartium ribicola 
(R. T. Bingham) , 
Up t .o J .aq.joining, 4,•:f-eet-wide nursery _ beds 100 1 long can 

be izw_c:µlated -,under a sing l e -32' .x_ 100 1 , .6-mil-thick,' .poly;.. 
eteylene :tarp '(.cost $60.00,;. reusa:t:,J.,ce), outdoor~ if shaded with 
canvas • . Once 95-100 % relative humidity is obtained inside this 
sb,aded .-inQ.cu:).ation ;. chaml;).er·, ev~pqration is pract;i.cally nil. 
Iri _ ori~ :30 1 x 2Q • pilot "trial __ chamber · no -a.ddi tiona1 · watering or 
mist nozzle operation .wi:i.s required for one.week thereafter. 

/ __ . 
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APPENDIX IV 

PUBLICATIONS 

This list includes _ publications issue d since th e 1959 meeting 
or those overlooked in the last Proceedings. _In addition , 11 
older publicatiorJ s deaiirig with Inland Empire work on the 
resistance of western white pi ne to blister rust are listed. 
These were not includ _ed previously in Worl: Conference Pro~ 
ceeclfngs Publication Lists. . .... 

1. Andrews, S. R. and J. P. Dani_els. 19{0 . A survey of 
dwarfroistleto .es ·in Arizona mid New Mexico. 
Rocky Mtn. For~ and Range Expt. Sta. Station 
Paper 49, i7 pp . · · 

· 2. ____ ·and W. E. Eslyn. 1960 . Sooty-bark canker · of 
aspen in New Mexico. Plant Disease Reporter 
44: 373. 

3. Anonymous~ 1960. Northern Idaho Forest Genetics Center . 
. U.S. Fore st Serv. Intermountain Forest and Range 

. ·Ex.pt. : ~a >_: Brochure ; 4 pp . . , :·•:_·.: /' · 

4. . Bega, _ Robert V. 19.60~ The efi' ect of envir<>nment. ;n. g~:rnii-
nation · of ·sporidia in · Crona r tium ribicoHL - .. . :' 
Phytopathology 5C(l): bl-69 . · . ; .. 

5. 

6, 

and. Richard s; Sini th. · . 1960. Diseases :tfue"ateh . 
......--- f<,>r~·st .nurseries . . p~~-·s~ w.: For. _and -~rig~'·_ .. 

Ekpt; 'Sta . Misc. _Paper No. 52. · · · : . · · · · \ .. . . . . . . .. . _. . . . . :< . . . ·.' 

and· ·Richard :13, Smith. . i96o · Tiie:rmal .d.Ei~ih range 
.-,-. :-.-. ----- of sclerotia of Macrophomina phaseoii; I_>hyt;o.:. 

pathology 50(9) :b28: ,. 

Bingham, R. T. 1959, The intra-species approach in breed~ 
. _ _ : ; -..--~ ... . . . , ., 

in g for diseas e resistance in trees. Abstract 
in Proc • . rx Internatl. Bot. Cong •. ·vot ·~- 2, pages 
32-33 . ·, . 

8~ . . --- . (Editor) 1960. An annotated directory to 
- ·Canadian and f qrei gn wor ker~ in fo r est genetics · 

·and related fiel d s ~ Jour. For ~ 58(8) : 602~6i8 ~ __ 

9. · : · and A. E. Squi l lace ·. 1955. Self-6orrtp~tibiii ty 
---- and effects of ·self.-fertility ·in western white 

pine. For " Sc:i.. l (2): 121,~129. . . ,, 
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lQ.-. .: /. :Bingh.µn; R;· 'I;>-· a114, A. -E • . Squillaqe. · _1957 • . -:Ph_e!'!o:J,-<;>~y a.11~ 
o.th.et' f.~a;tu res of . the . flo:wering ,oj';: pin es, with 
special reference to Pinus ~onticola Dougl. 
Intermountai11 Forest and Range Expt. Sta. 

. ' 
,::'"I.: . !.~.! -•'• • \ Re:search ·:Paper S3: 26. pp.,, ; 

11. 

12. 

. ... . 

13. 

.; · A. ,E.- Squillace ! and J. W. Duffield. 1953 . 
-- ...... -Breeding blister-rust-resistant western white 

pine. J 0ur . For. 51 (3): 163-168. 

, · A~ 'Ji~, Squillace, a~d R. F. Patto .n . 1956 . · 
---...---- _-e:V,ig.or~. ·Qi.sea.se resistance, and fi .eld performance 

in juveniJ.e progenies of the hybrid. Pinus 

. : j ' . 

· _: monti ·col a Dougl. X Pin us strobus L. Zeitschrift \ 
-::'ti - -- ----- 11 . t' (4 . , fur Forstge neti k und Forstpflanzenzuchtung :;; ) : . 
::1D4-ll2 • .. ' 

------·' A. E, Sqyillace ~ and J. W. Wright. 1959 . 
.Jie:ritability .. of resistance in progenies from 
,.'bli .ste~ •::r,us·t resistant · Pinus monticola ·selections • . ... ·. 

. , .Abstrac"lt.c;in Proc. JX .InternatLBot,. Cong. Vol. 
. .... ;• - • '... .. . 2.,;' .page 33 •. · ... ·· , .. •· 

14. -,, . . i: ... : .-· · · .. · ; ;,A; .. E . SquiJ.lace, ·.and ·J. W. ,Wpi_ght; 1960. ·:-; 
; ;:"'°-'..t.· · · , .:.Breeding :-b-1.iste!'. ru~t resistant ,'!of~fstetri ·wmte 

.,>:·, r :,:; .. ·-. , ·,<:pine~ ·· -·II. . ·-Firi:it~ : results of pr9geny tests in-
. ·; · .. ·:_;/ ; eluding _preliminary ·,~stimates ,of .heritability and 

· rate of improvement. Silvae Genet. 9(2): 33-41. 

"tl5 :.~·.;;-1i~~~ ;~;g; w. ,J . ,"i_~d A. Funk~ • .. 1960. ·Willoo bl{ght ii/ '. 
British ·columbia. ·- can. Dept. Agr_. For. Biol. 
Div., Bi~monthly Prog. Rept, 16(5) , . 

. ' \ . .:~ , 
16. :-l3.ourebier, .:R • . :J. 1960. Microfungi in the stem's ol 'livi.~g 

lodgepole pine. ·."State : Universi;ty College of 
Forestry at Syracuse University, Ph.D. thesis. 

17. 

18. 

19 . 

20. 

,. 

: ~: ·. 
-Buchanan, , T-homas s .... i960. Foreq..gn tree diseas~'S : .• 
·r·-..: - . ,_ threats to ,North -,American Forestry. J. Forestry 

58: 868- 87L . . 

Cbilds, ' T. ·W • . ·l-960 •.. prought effects on conifers ill the . 
· . . _.· P~cific Northwest, 195 8-5 9 • . PNW, Forei-st ···Exp. Sta. 

:; "':,"· Research ,Note -182. 5 -pp. 

1959, Elytroderrna needle blight of ponderosa 
_ ... , · ,_r,pine. Forest . Pest L~a.flet .42 , .. U_. R;-, .D.e_pt. Agr., 

, .Fore st ' Service ·. 4 pp . : ... , . -., . ,:> · · · · · 
.~--·: . . •_. ... · 

1959. Estimating d;epay -:in w.~:5t-side Dougl-as-
fir. PNW Forest Exp. Sta. Misc. Unnumbered 
Leaflet. 8 pp. 
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e1. · Childs; T • .W. 1960. Laminated root rot of : Douglas,.,fir; .:• 
. ·· : · Forest Pest Leaflet 48, U.S. Dept. Agr., Forest 

. ,-_Service ~ 6 pp. 

22. Chu, D. 1960. Catalogue of the culture collection of the 
Forest Biology LaboJ'.'atory, Victoria, B, C., Canada . 
Ca11. Dept. Agr. For. Biol. Liv., Victorta,_ un..:. 
published Rept. 

23. Etheridge, D. E. 1960. Factors affecting branch infec~ 
tion in aspen. Can. Dept . .Agr., For _~ 13.to:J, •. ,. 
Laboratory, Calgary, (M:imeogre,phed ). 

24. · Foster, R. E. and A. 1, S. Johnson. 1960.. Forest disease 
·. -s~pling studies in Douglas fj>r. pi:antations. IIL 

Can. Dept. Agr. For. Biol. Iiv. ; Victoria . 
UnpublisheQ Rept. 

2.5. 

26. 

Funk; ·A.· 1960. Descriptions of cultures of Fungi Im-
p_erfecti and Ascomycetes associated ·with forest 
damage in British Columbia. I. · Can. Dept. Agr. 
For. Biol. Div., Victoria. Unpublished Rept. 

·and P. V. Divekar. 1959. Caerul,omycin, a new · 
----- . antibiotic from streptomyces caeruieus Baldacci. 
. :. ;- . 

. , .· • . L .• · 

I. Production, isolation, assay, and biological 
· properties. Can. J. Microbiol. 5: 317-321. 

27. Gilbertson, R. L. 1960, b'tudies on the western wood-
. rotting fungus Bres. £:an. J. ··Botany . 
38: 87 ... 91, · . · 

28. Graham, D. P. 1960. Surveys expose dwarf'mistletoe pro-
. · · · blem in Inland Emp:i,re. Western Conservation 

·· .-- ,. Jour. ' ,17, No. 1 : 56~.58 • 
. · .~ L- .. l f , ·. 

29. _____ 1960. Dwarfmistletoe survey in Kanf ksu 
· National Forest, U, s. Forest Serv., -Inter• -~ 
-mountain Forest and Range Ex.pt. sta., Research 
Note 74, 6 pp. 

1960~, · Dwarfmistletoe survey in Nezperce , .. · 
:-".• ·National Forest . U.S. Forest Serv., Intermoun-

tain Forest and Range E.xpt. -·Sta ~; Research Note 
75, 7 pp. 

31. ·Hawksworth; F. G. 1960. Growth rate of dwarfmistletoe 
infections in relation to the crown class of the 
host. Rocky Mtn. For. and. Range Expt . Sta. 
Res. Note hl, 4· pp. 
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32-.-=:;w:Hawksworth, : F. G.· and L. S~ 'Gill. .- °19'6b.-· Rate of sprea:d : 
· ,.,.,c of dwarftnistletoe in j:fonder:o'sa pine in the South-

west . Rocky Mtn. For·-~· an d. 'Range Expt. Sta. Res. 
Note 42, 2 pp. · · -~ : · · 

33. 

34. 

a~d T. E. Hinds. 1960. Cytospora canker of 
~~".'°:Ei1gl-emann SJJ~uce in Colorado. - U.S.D.A. Plant 

· · ·· Dl Baa se Repcrter J..i.4:; '. . 7 2. '.' . · · . . • · · ", 

Hinds, T. E., F. G. ·Hawksworth, and Ross W. Davidson. . 
1960. Decay of subalpine fir in Colorad6. · Rocky 
l'1tn. For. a.rid Range Ex:pt., Sta ., · Station Paper 51, 
13 pp. . . 

· 35. Hopkins, J . C. 1960. The locus of entry of the canker .. 
·. fungus At,:ropelli s piniphi .la ii1to :lodgepole pine ' · 

stems o Cari. D0pt. Agr./ Res. Br~;: For. Biol. Div. 
In Bi~Monthly Pr og: Rept . 16(2).': 3·, 

• 36. Hunt, John. 19.59. Phytopbthor .a lateralis on Port-Orford.:.. 
· cedar ·. PNW Forest Expt ~· sta. "Research Note 172. 
6 pp. 

37 · Kern · Frank D. and · Paul D; Keene·r. · 1960~. · tdentity of a 
. ' rust on Ephedi'~,. -:. Sciebce • 131': ·298. 

. · •' : . ) , 

38. Kimmey, James W., and Donald P,- Grahai:n, 1960. Dwarf- . 
, fili.stletoes · of the Intermountain and Northern 

.: · ',.· :Rocky Motifltain· Regions'and· suggestions for · · 
control/· · u;s. · For~st .i:'8efrv., Intermountain Forest 
and Range Expt. Sta ·t/Research Paper 60, 19 pp. 

39. Kuijt ·; ,:-Job, \: 1959. A-1study "of hei;~rophylly .ar-id -infloresc~nce 
structur-e in 'Deridroohthora and Photadendron 
(Loranthaceae). Acta Botanica Nee~landica 8: 
5o6~·546. · · 

( 

40. · ·-: · • 1960. The 'distribtiticiri of dwarf :mistletoes, 
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.APPENDIX V 

:MINUTES. OF THE BUSil\TESS IvffiETING 

The Business Meeting was called to order by Chaini1a11 ·Parker on 
December 2 at 1~00 p.m.: wit,h approx:unately 30 members in attend~· 
ance. 

The .first item of business was the minutes of the previous 
meeting -:. It was 1notioned by G. W. WalliE; that the minutes as 
printed in the 1959 Proceedings be approved. '!'his was seconded 
and unanimously card ed. · 

,. · "' The·, Sec:retary='.l'rec,.sur:0r __ then submitted the following · 'i'epbrt: ;:! 

Balance from 1959 conference 
Interest (1960) 
Banquet 
Mrs. Buckland 1 s trip to Centralia 

· Deficit in Buckland Memorial Fund 

Totals 

Balance on hand 

$ 81.84 
1.74 

264.00 

$347.58 

36.06 

$ 

281. 72 
20.99 

8. 81 

$311.52 

Motioned by K. R. SheaJ seconded by R. V. Bega that the finan-
cial statement be approved. Car:rj_ed. 

In Memorium 

Merno:r.iums to three members of the Work Conference who passed 
away since the last meeting were expressed for Dr. 9. W. Waters 
and ProL A. W. Slipp by c . Gardener Shaw, and for Dr. H. N. 
Hansen by Robert Bega. Chai:'.'!llan Parker then called for one 
minute of silence in honQr of these deceased members. 

Inte:;"im Program Chairman?§ . Repo!l 

Chairman Parker called en R. G. McMinn, Interim Program Chairman, 
who presented his r eport " ·rhe following points were raised as 
possible guide line s in future programming: 

1. The well filled discussion periods at the Centralia meeting 
. should reassure pr ogram chairmen that a 50=50 balance 
bet.ween formal p:resentation and d:i_scu ssion is feasible now 
that an atmosphere of informality prevails within the gr oup. 

I 
,~ 88 "' 



t 

However, panel chairmen shoul d seriously consider their 
responsj_bility in maintaining discussion ·' and '"keeping ·it 
appropriate to the subject. 

•• t . ·; • •• • • ~ :. : .,,". 

2. Where possible, consideration be given to prior consul-
tation among panel members · so that an integrated -coverage -_. 
of the ·0opic may be presented. It would probably help 
the pa11el chairman lead a better discussion if --he ··,ha.d also 
read the papers -to be presented before the meeting. 

• • : .1 ~: J • .-:1:.; rf , : .. 

3 . . ·When. :possible~ consideration tnight :oe given :to ·circula-
ting the text of papers one or t'wo weeks ahead of - the 
meeting so that at the tim e of tha meeting a topic could 
consist ·of the presentation of vi-suRl material and dis- · 
cussion. In this way a maximum amount of time ·could · be· 
spent in discussi on ·with members already primed with 
questions. 

::4.-· ::.When possible, consideration be given to an arena-style 
· · ,· ,·· layout of the meeting room so -that the maxim~m number ·or ;_-· 

people may'·face each other or at least not -just --'gtare at -'_:_ 
·.;:, the ·:back ·of -others 1 heads. If possible, -sqtiea~ chairs .'.:: 

· ;should be dispensed with . ..-·, 
• • f • • • t_~ ... 

The following topics were suggested for future programs, pre-
~ented -approximately in order of interest ·:expr-essed: ;· · 

: ··., 
1. Root and rootlet diseases; methods of · investigation; -' · 0<:' 

significance of rootlet mortality . 

2. :.Dwarfrnistletoes. • I. • . ~.. . ; 
!,_•:· . .. . r =~ ::: __ :. 

3. ·,·:Fundamental basis of plant science ... anatomy .:and '-phy .. siblogy · -
··. l ia•s th~ pertain to parasitism and · disease; ·development : of:" 

diagnostic criteria for assessing health and vigor. · 

' 4. Diseases of unknown origin - declines (pole blight, x · ·· 
disease of Pinus ponderosa), abiotic diseases. 

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

5. ,.,.•·-Goritrbl _. methods and possibilities · .. chemical~ biologi -ca.l, _. . 
mechanical (including fire). · 

6. Climatic factor in disease causality . 

7. Futlgus insect successions and relations. -·-·. 
,-. I .~ 

8. Virus diseases: this topic shoul:d : only be -discussed '.. in '-' ' · .. 
a suitable location where agricultural virologists or 

, .. ,.-others are ··available t ·o provide -the ·:·,bulk of factual 'in..- · ,, r ol:1llation~;_>-_.-;_. · · ·-, • :. l .~ .. . • 

.. ·- ':-;\,.:, I '; • 

9. 

,. 

Project reviews ~·updati7 arid discussion, · . 
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10 • . · lli _sease and gr .mrt,h impact 

11. Twig and branch diebacks 

12 • Armillaria 

13~ ·.Antagonism 

,; .. ,. 

There we.s gene1~ai ag:reemerit that the business meeting should be 
held.. earlier in the coiiference and not scheduled as the last 
it &m 6n the agenda , as -has been our · custon.- · · 

Cha}rroan :Parker expressed appreciation .on behalf of the con-
fereri ce, to Bob McMinn .for a •:ery useful report • 

. ~~E~~ -~Ill!'2.~~~£.i 
K. Re Shea, ~.s Chairman of the Dwa:cfmistletoe Research Committ·ee, 
di1:1cu ssed tpe . report (Appendix VI) handed out during registration 

· for t he coni:erence. It was agreed that the . annual report ,s 
shoiild be co;otinued, and that they should be · -handed out" at the 
start of the conference. K. R. Shea volunteered to continue 
as chairman of this committee. 

J. Le Miel~e ,:.suggested that the sununary of dwarfmistletoe :· 
chemical control tests prepared for the 1955 Proceedings should 
be brought up t.o date. 

Speci al reports on dwarfrnistletoe research were given by Bob 
Scharpf o:a gel"l'IJj_nation and infection for several California 
species_; J, R. Parmeter on infection tests with the mistletoes 

•.. . Qt,l. re _d .apd whit3 . firs; and by John fled:i;ske and o. A. Leonard _ . 
on_,.the~f work on translocation b~tween · dwarfmistletoe and :its 
host " 

: . '. 
Chairman Parker th en called on C. P. Wessela, who presented 
an ;e,xc.ellent sum~up of the topics . and ide{ls expressect at the 
conference C 

New· Business -----~ 
Moti oned by G .. W. Wallis Q.IJd seconded by C. G. Shaw·, .that : ·· 
Mrs, Buckland 1s trip to Centralia be financed m.1t of the con-
f erm,c~ _t,r;ea,s.ury. Carried. 

· Move.cl,. by: . . E. Foster and se conded by J -- W. l\inuney, that .the 
stateme n'-b of policy concerning conference organization -and • 
e,ctivi.ti e::.i printed in the Proceedi ngs of the Fifth Conference, 
pa ges 126-129 inc:;t.l1sive, be amended to incorporate a new _ 

I 
l 



_;,,· 

... ,• 
I 

t 

_sei{t'idrf (Sect i~ n 1~) to read a.s follows: 
. . ' t . . . . ( . . 

' ;' •_.· .·; ... ~! -.... ·. ·• - . ' 

IX. foli~y_ Statement Revisions. 

Subse~uent \ !tmendments to this Sta:i:,en1ent will require ·~ 
not less than two-thirds affirmative vote, as · determined 
bi ballots cast by eligible members, such vote t·o be 
determined through letter ballot distributed by the 
Chairman" or officer designated by hi:'n. _· Eligible members 
will be det ·erJJ:lir,ed as the number of :,;,ersons, exc;t.uding 

·guests, whose · names appea r in the Membership. List of the 
Proceedings issued immediately prior to the date ·· of 
issue of . the letter ballot . 

Car.:rieif uri"animou sly . 
·; :·· 

Moved by R. E. Foster, seconded ' by · P. C. Lightle, that the 
statement of policy printed. in the Proceedings of the .Fifth 
Conference, and as S1:_]bsequently_ ~ended, be further amended 
by _the fo~i?"ring nirif fuotioni ·: .. . . .., .. _-_ ,:,-

1. That a ·classification . of "honorary member" be established 
and t _hat ·i:,his designati _on be assigned at . the pleasure _ of 
the qonference · to members who, folrowi _ng torig and Valued ·· · 

. contributions to the field of forest ·patholbgy and to · the 
proceedings of the work conference, retire .from active 
9ontinuous employment in _forest p~thology. Carried. 

3, That invitation of , ·guests be left to the _individual mem::.,'.::f• 
... bers, but that' members invj_ting guests shouicf use con,:,:_:,,··'.X; 

siderable <;li.scr~tion, keeping in mind · the . objectives o+~=:'.,:·, 
·the conference. · Members should inform Council .whenever ·'.,. 
po::isible tha.t 'theywish to . invite a ·guest so th~t _a .i'ormal 

.. invi"j;at:i..on maybe extenc;ied, and so that Councii win ··have . 
an indication of the si _ze ·· of the · attendance t ·o be ex.pected. 
Carried. ('fhis was a substitute proposal motioned by · .;. · 

.G. W. Wallis and .seconded by R. V. Bega in lieu of a . 
··-,. motion submit-bed and subsequently withdrawn by R; ·'_:E~ Foster.) 

· ;;'i. . . _ . . · . .·. . . .'. ':•·. ·.. , . ... ! ... 

4~; That ' j_n-&:i.titiofls to guestsJ:>~ , specific j_n regard to thefr · 
·. duration. Carried. 

5 . . That th e presem~e of guests at business or other meetings . ' . :Ve at:'"_the _pJ.,easure of Co,mcii • .. C~rri ',ed: ·. · - .. • - ' . -.. . .. ?= - . :<:; .. r. 

6. That the region~l boundarie ;s of -~he West"ern Region be de- ' 
fined as thfl:,t r _egioJ:!, in .;North !\Jnerica lying west . of the 

·, 
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one-hundredth Meridian south of the h9° parallel,~ and west 
of the Alberta-Saskatchewan boundary north of this parallel. 
Carried. 

7. 'J;'ha~, pieinbe1· ship be restricted to those persons who, in 
.-.. ~h,e--.o;pi·nion of Council , 

(1) are · resident, within the Region and qua-lified for mem-
. bership, 

•--(2)_!· may _not reside within the Region but who are di re :ctly 
qoncerned. with the administration of activities in the 
R_egion which fall within the scope of the Work Con-
f,erence, or 

(3) may not reside within the Region but who carry on , 
activities which fall within the scope of the Work 
Conference - a.nd who are and have been active partici•M ; 
pants in the Western Work Conference as determined. 
through . regular attenda nce and cont .ribution. 

9~ri.ed. 

8. That Council revise the membership . list annually, . adding or 
deleting names as required, to ensure that it consists only 
of active, qualified members.- Carried . . 

9. / l'hat unless otherwise approved by Council, the distribution 
. of the Proceedings be restricted to members and honorary 
members. Carried. 

Since such motions involve changes in policy concerning con--
ference organization and · activities . as -printed . in -t:tie. Proceed'::"· 
ing s of the Fifth Conference, approval of., at least two-thirds 
of the members by letter ballot is necessary for their 
enactment (second item under New Business in these minutes). 
However, it .is the opinion of .Council _ that -many of .these pro~ 
posals should .pe considered furtQer, ·and at our .next annual 
meeting before they arei voted -µpon. Several of ·these -motions 
me~ :with lively discussion from the gro-µp, and .it se ~med .. . 
appa:remt --that many members were not sufficiently aware of the 
concemt -s of .the motions, or of the int erp retations that are 
likely . to be .-made if they are · passecl. 

; .Tne ,Coundl wi_ll, . therefore; submit a mail ballot _ .to determine 
· whether the membership agrees to postponement of action ·or,the 

li$t~tj. ,,motions until the next meeting. R~ E. Foster has agre~d 
to head up a committee to look into this area -fu rt her and \o 
present a report at our 1961 meeting . 

Motioned by R; V. Bega, secon ded by K. R. Sh~a, that a notation 
regarding each member I s fields of special interest be added 
after their ;l)a.nie i!") the Proceedings. Carried. ., 
It was th~n 'riititioned by F. ·a. Hawksworth, seco~ded by c. G. 
Shaw, that the conference elect a historian, who would maintain 
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a file of corresp ondence relatin g to the Work Conference, and 
also a file of Proceedings. Carried . 

Since such an appointment involve ·s a change in policy con-
cerning conference organizatj_o:n~ ·approval of at -least two-thirds 
of the me!nbers by letter ballot is necessary for its enactment. 
This balJ.dt will be ·sent out 1.n t ime -so that 0the results will 
be . available for the 1961 meet in g . · 

Ninth Conference 

Chairman Parker read a letter fr om G. P. Thomas inviting the 
conference td ·hold its next, meeting in Banff, Alberta . or 
vicinity , not ·-la t er than October" 1.5; 1961. ·-

Motioned by G. W. WaJ.lis, seconded by P. c. Lightle that the 
1961 meeting be held in t.he fc1.J.l .at Banff. Carried unani-
ously . · 

R. E. Foster sugg ested that the conferei1ce consider -a meeting 
in Mexico. The Council plans to correspond with our Mexican 
colleagues in hopes that it may have some definite proposals 
in this· regard to present at our 1961 meeting. ; -<=. 

Election of Officers --
Chairman. Motioned by_ R. E. Foster, seconded :;by , K. R. Shea, 

· that ·F •. ·G .. · Hawksworth be nominated as Chairman ·of the ,-1961· 
Wol:'k-•iconference • . A. C. Molnar motioned that nomination~ ;be 
closed and .':F. G. Hawk sworth was elected ·.by ='.acclamation. · ,, • 

,_-_ : .\ 

Secretary-Treasurer. · Motioned by G. W. Wallis, seconded .. by 
D. R. Miller, that ~T. -R. Parmeter ,be nominated as Secretary-
Treasurer :for the 1961 Work Conference. R. V. Bega motioned 
that nominations be closed, and J. R. Parmet,er was elected by 
acclamation. 

4 
Motioned by R. E. Foster, seconded by P. C. Lightle, that the 
Conference ex-tend a ·.vote of thanks .to 1 the -Weyerhaeuser. : Company 
for the many courtesies extended ·dudng our meeting that con-
tributed greatly to the success oFthe .Conference. Carried 
unanimously. · 

. ,, 
The business : session was adjourned at . 4:00 p.m. 

:·_. ,1 
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APPENDIX VI 

COMMITTEE .REPORI' ON STATUS AND NEEDS OF 
.-RESBARCH ON DWA..RFMIS'I'LEl'OE . 

J, E.· Bi'~r,'F. r~-~Hawksworth, J , R. Parmeter} and K. R.S hea, 
.<Chairman) ·. ·· ·· 

.. - .. 

1. Intensificati on and Spread 

t 

a. A biolo gi cal evaluation of dvrar-f'mistletoe in the 
Whi tetaii · Control Unit of t he Mes ~a::i..ero-Apache 
Reservat;i.on was complet ed by the Rocky Mountai n Station 

,;in 1,960-• .. ,Results of th e evaluati::m are being used by : 
the . Bure au pf _ Indian Affairs in planning t he first re~ 
cleaning operation of the uni t, which is scheduled to 
start early in 1961. In :Ltial di re ct contr ol measures 
:v.er.e applied. betw een 19.53 and ' 195.5 • 

. ,. -·. 
The eva:J..ua.tion was made accordin g to the following 
procedures. The net control area was subdivided. ac-
cording to tre at ment years, and a dot overla y (16 dots 
per section) was superimposed on a large map of the 
control unit. Enough dots were then sel ected at ran-
dom,-fa! 1/1..0-acre plot centers to give a 0.12.5 · per cent 
sample of the net area covered during each y~ar of .con-
trol. Dwarfmistletoe ... ~.nf.ected (p;runable and not prunable) . 
and heal .thy stems were tallied on each plot by size 
classes. Since plots were also classified according to 
the level of initial control (presumed to be .ind~cative . . 
_of,. degree infected _at that time) .and pre sent inf¢ :ct:i.6n, ·< ·· .--; 
:ij; . was possible to outline three major prob],em a,reas on .. 

.,.t he control unit map. 

Results of the evaluation follo w: ' . . 

. (1) Direct control was applied originally . to only 
47 per cent of the net area; it wa,g-.moderate or · 

. seve re on only 27 percent. 

(2) Dwar fmist l e-toe has developed on 79 percen t of ' 
the plo t s in ste .nds tvhere initial . control was 
severe, 33 percent where it was moderate, 19 
percent where i t was light to neg li gj_ble , and 
in 8 per cent of the plots where control was 
not applied at all. 

(3) About 160, 000 pines have dwarfmi stletoe. This 
number is 35 percent of the estimated tota l 
treate d origina ll y. At least 2.5 percen t of 

·~ 94 I 



b. 

c. 

,-~-· .:·~~:_. ij-iei i.Ilfec·te:d trees .:.C~~Il b"o ·rraed:·of :c.wa:rf~= .. · 
. mi.stletde by pruning as compared with :-~n · · · 
"estimated L. percent i1iiliially . (Jl.ncfrews, 

. , RM) 

A pl ·ot study was installed j_n western Moptana to ·. :' 
mee,sure the dEivel.opment of dwarfrrii'stietoe in a 60 .. ;: ,.- : 
year..,old westein ' larch stand fc,11owing thinning. . . 
The stuC:y consists of 8 plot~ .s.r.cl h t:r.eatments with ' 
one repEcatio11 of each treatm.eni,. Sp:i:ead and in-
tensification of dwarfmistleto.e t1nder :various thin.:.. . 
ning . intensities and unde1' va.i·ioi:is degrees of; ,inf.ect;tqn 
i.n individual host trees will bi measurcid. Growth of· · 
trees with different degrees of j,nf ection {fr ·e·e, light·~ 
medium, heavy) will be comp.;:i,red i;ithiri thinning t:r 'ep.t~ 
ments . (Graham, Tu"T) · ' ·, 

Results of' dwarfmiatletoe su:r.veyi:: :l.n the · Kanikmf anci' 
Nezperce Natiopc1l Forests .were pt:bJiaped. -Su~vey ' ·: · · 
resut t.s emphas'.l ze -t,he .ma:gni tude of the dwarf mi st'.L~t,o~ 
problem in these two forests~ (Grahan1 00)' 

·. •::·• '., · 

d. · The presence of dwarfmistletoe by i1ost and locality is 
being recorded on· the .station rs fol'est. r:,,;iry~y. pl.q:t..S::~·.i:n.. 
northern Idaho and' ori the Regio11 (. & timber'. inanagement · · 
inv~ntory plot.s in=Montana, . (GrLham~ Th1T} 

e. 

f. 

g. 

A post-control apprai F-'".1 survey lJaa mad :~ J.n 33 lodge- . 
pole pine clearcut blv.ch.ts on two national forests J.b · 
eastern Montana to determine the effectiveness of fiie 
control operation undertaken ·in ·:;he fall of 1959. · 
Results show· that clearcut block :;i cab. be sanitized to 
a tolerable level but that maiw i111'ected trees will be 
missed · during adverse 1-reather · conditio;ns, and that · i · 
more intensive train:!.ng ih red:ig:nitio11 of dwarfmist'Ie-
toe by sanitat:i_on cre-,tls i ·s ne t,.ded. . (Gra.ha:in". INT)· 

. . . . . . ... , ....... ( ' 

Field work was completed oh ~-: c.oop.erati ve :study be.:.; 
tween the Rocky Hounte.in .s,i-1;:l . In:termountain Sta·bions · to 
determine (1) the distance of · sp1'ead and deg:ree of iri;,,. 
fection in lodgepo ,le . pin •~ x·epr oJ\1ction f:tom infected 
border st&nds a."ld from in a. v:i,.dl12..l {)l' groups of inf €c-
ted over story tree s c1.nd (2) "iih,:: ;ni:nimum age at which 
lodgepole pine repr odu ctir:m wi ll become infected . 
Data and samples were tak en on h4 3t·udy areas in the 
Rocky Mountain St~.t:~on te:r r itorJ and on 35 study 
areas in the Inter-mountain . St 2t i cn territory " Results 
have not b'een complete13 1 anal /ZG<lc . (Hm-rksworth, RM 
and Grb.ham, INT) . 

·" 
A dwarfmistletoe ohserv2.tion Dl ot; e sta blished in 1920 
on the Plumas NationaJ For~'§t:,-:E;nd .discontinued in 1933·, 
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was relocated and r ·e-examined to determine the . changes 
in stat u's· ·of the ·parasite for the 40 year · period. 
Results are not yet · fully compiled. In the trees still 
present ·'in ' 1933, net increase in counted infections 
between 1920 and 1933 was 635 but 37 percent of the 
trees showed a decrease in infections present . There 
appears to be ·no close correlation betw eeii inten si ty 
of infection and tree mortality over the totai ·4o year 
inter val :, ·: (Wagener, PSW) · · 

h. On either ·red or white fir, approximately 85% of the 
mistletoe seeds ·intercepted by the trees were deposited 
originally -on ·h-eeales and 1S% on branch wood. Follow:.:., · 
in g the first rain storm, about 70% of' the seeds -:on 
red. fir had become favorably placed on branch wood, 
whereas only about 35% of the seeds on white fir had 
become so placed . Differences in the ·numbers of needles 
per unit length of branch and d:Uferences in the usual 
angle of needle growth appeared to account for "the · 
differenc es in placement of seeds .. (Scharpf, ·psw · a:nd 
Parmeter, Univ. of Cal., Berkeley). 

2. Biological and Chemical Control 

a. SeJitogloeum gillii was found on A. americanum i .n, .. one 
locality on the Arapaho National Forest, Colorado •.. 
This is the first time the disease has been notic .e.d 
in the Central Rockies. (Hawkswort h, RM) · 

b. In the fall of 1959 fo .rtm1lations of a number of ·_plant: 
hormone herbicides (2, 4-DA; 2,4-DP; 2,4,5 ... TA; MCJ?.i\;: 
MCPP; etc.) were diluted with .kerosene to 2,000 to ' 
5,000 ppm. conc entration and sprayed on dwarfm~stle~ 
toe · cankers on Jeffrey pine saplings and. poles~ ·Many .'. 
cankers, including some larg~ trunk cankers on 6- to 
10- inch trees . still - appeared · dead in September l~~-0; .. 
The same. materials were applied as basal .st~ sp.fci.'ys : :: 
to DM infested Jeffrey pines. Some trees were damaged; 
a few were killed. A very few treatments stj_ll _ hold 
some·promise of killing dwarfmistletoe without seriously 
dan1agi,bg · ·t:he host. (Quick, PSW) . . ., ·. ·,> 

. . . 
c. In 1960-;"'.100 tests (893 trees) were made with a wide · · 

assor ,tment of herbic idal chemicals. Most material -13'' 
were :·:applied in stove oil carrier; a few in kerosene, 
and a few d.n diesel oil. Two other carriers--on ·e· part · 
agricultu ·ral spray oil in four parts water and one 
part polyglycol in four parts wa:ter--were sometitnes · 
used. "<Ea.ch material was sprayed di rectly on dwarf--· 
mistletoe . plants and cankers and as a basal stem spray 
on infest ed trees . Basal stem treatments commonly / 
included both smooth-barked (young) trees and . rough-
barked (older) trees. Treatments were distributed. 
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among several forest species as follows: 22 tests '-' 
(230 .trees) on Jeffrey ·pine, east side of Lassen 
National Forest;. . 23 : tes~s . (210 tree .s) on sugar 'pine 

· and white · fir, Chowchilla Mtn., Sierra N. F.; and 12 
tests ,(91 trees) en red fir, 22 tests (202 trees) on 
white fir, -15 tests (112· trees) on ponderosa pine, 6 
tests (48 trees) on Jeffrey pine, all iii the vicinity 
of Pinecrest, Stanislaus N. F. 

Some of the trees showed. chemical damage by the first 
of September. Herbicidal damage· from .basal-stem sprays 
with petroleum oil carriers tends to concentrate in the 
upper parts of cro wns of red fir and wbite fir but · · 
appears and. pro gre sses rather evenly over -the crowns of 
damaged · Jeffrey pine and ponderosa pine. No preliminary 
checks have yet been made oi suga.r pines treated in 
1960. (Quick, PSW) 

d. In August 1953 so.me greenish, slug-likE;, larvae were"·_ ob-
served eating d:warfmistletoe on heavily infested sugar 
pine saplings · southeas t of Meadow Valley, Plumas ·N.F. 
The larvae were taken to Berkeley and reared to maturity 
on the dwarfmistletoe. The imago was identified as the 
Great Purple Hair streak (Atlides halesu s Cramer, Lycae-
nidae, . Lepid .opte:r.a). (Quick, PSW~· · -· 

3. Life ·:History, T~onomy, and Morphology 

,. 

• • • ., p .: : ~ . :· . : '; 

-a. Studiei:f fwere begun which should eventually provide data 
for life tables for!:_. americanu1E_ and!• ·vaginatum. 
Information is being recorded on wpat proportion of the 
seeds are intercepted by the trees, -on redistribution ·, 
of the seeds, germination, and infection. Some pre-
1:i.~nary . r~~ul t .s of these studies were: · (1) 1:n a heav .. .-
ily infected ponderosa pine stand, 20 percent of the 
-!• vaginaturn seeds produced were intercepted by the . 

· . trees; :(2) ·For both ! • vaginatum and !~ mhericanum; 94 
percent of the seeds that hit the trees were inter-

. : · cepted by the needles, and 6 percent by 'the ·: twigs; (3) 
The intensity of the first rain following seed · dis.;.;.. 
charge appears to ·be critical in determinirig .:t ~e amciunt 
of movement of seeds from needles to twigs. ; (Hawksworth, 
RM) 

· b. Mr~ William Schacht, a forestry student at Duke University, 
- · =.;plans to write his Master I s thesis 011 the morphology of 

··the endophytic system -of A. vaginatum. Specimens ' for the 
·study ·were collected this - sunnner irf ' Colorado. The :Il)ain 
emphasis of this work will be --on the character of.>the 
endophytic system of y9ung infections. This study _will -. 
complement the one by Wall~ce _ · E·slyn on older inf eqtions · 

: . ( si3·e below) • . (Hawk Tor th ' RM) . 
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c. In a. laborato:cy study of 36 artificially infected . 
branql:}~s of , ponderos a pine, sinke1 ·s of _ southwesterp 
dwarfmist:)..etoe (At'ceuthobium vagina tum) . were found as 
much as 7.2 cm. beyond any evidence of &welling and a 
maximum of 8~1 cm. beyond the youngest _spoots.. Age 
·of host ·0issue when i noculate d.:1 sex of the dwa1·f- . 
mistlet oe plant, and di:l'.'ec't,j_on of growth had had no· 
significant ef.f ect on t:10 rate of lateral ext :ension. 
The annual rate of extension of the endophytic system 
aver.aged LO cm. in .each. directior:. (Eslyn , RM) 

d. ·. Scotch pine planted · along ed.ge of an old . homestead 
clearin g in Northeast Washin gton. ,,as. found heavi ly 
infected with the larch dwari'mis tlet,oe a.nd .lightly 
·infected with the .lodgepole pii.1e .c~arZmist letoe . 
(Graham and Leaphart, INT) 

e. A stand of limbe r pin e ir:fec ·0ed with th e cyanoc arpum 
form of western dwarf'mistletoe was found near Recr-

. Lodge _in eastern Montana, He·avy and extensive damage 
. bf _. t~s o'warfmi stletoe als Q occJ.n:· $ .. :i,n stan ds of limber 
. pipe .iri the Craters of The Moon nat io nal :monument i~ 
.. southern Idaho. ( Graham & Leapha r t; INI') . .: ( . 

f~ ... Numerous lo calized brancb .. cankers on.:,lodgepol~ pine -in 
western Wyoming were found 'to be in fect ed with both 
dwarfmistletoe and comandra blister rust,.. :. Jt _a,ppears 
that this association between dwarfmistletoe and 
comandra rust occurred Zrvquently enough .to be mqre . 
than . acci1ental. . (Kimmey, . INT) . 

. ·~ . ... . ... - ... . 

Biol.ogy, m~rpl,lol6gy., taxo~omy,. etc. : 

g •. Tne ' '~ability . of . seeds of Arcieuthobimn campylopodull',l. on 
r~q arid white firs was determined by observing seed · 
germination in the field. Approximately 80% qf -.i:1he 

.. seeds on reci. fir and 70% of the see ds on whi•t ·e .·r·:tr had 
. g~nniiiat;ed 'by ~une . of · the year followin g di s~emii:iation . 
. Few· ·!:,eed.s gElrminated after June and seeds whi·ch did not 
· germinate by necemb_er of the same year were found to be 
non-viable. (Scharpf,' PSW, ·and Parmeter, Univ . . Cal. ;, 
Berkeley) · · 

.h • . Seeds collected for testing retained vi ability longer 
when stor ed .at J6°F .. than seeds hel d . at 50F, ··56°1',~, .and room 
temperature . .. ApproxiJTiately 8q% _of t:ie seeds from dwarf-
mistletoe _on fir remained via1,:lle afte! ' 100 days at . 3,6°F. 
Dry stora ge· pre:iver.ted. moulding of the se.eds . (Scha:rpf, 
~sw, Parmet~r ., . Univ . CaJ .• Berkeley) · ,, 

i. Labora tory t est s shm,.red. that seecis germinate _r eadi].,y at 
about S6°F ; ·Light, though Tt requhe .a·,' si griifica.b\ly 
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·reduced the · time necessary for gennination :,: .: Growing 
:radi-ql.es of seeds in the li ght .-show a more rapid : rate 
of elongation than radicle-s bf seeds -in the dark, • 
other conditions bein g equal. · (Scharpf, PSW and 
Parmeter Univ. Cal. Berkeley) 

4. Hos-0-p ar asi t.e Relationships ,-

a. :·· :A •. americanu m was found on an Eng0J.mann. ·spr uce in 
. -Colorado-:-"-.Although only one spruce tn ·a mixed spruce-

·lodgep ol e pine stand was infe cted., this tree had over 
100 brooms and appeared to be more· s:uscept.ible . than the 
adjacen t lodgepole pines . (Hawl<s-.rnrth., RM) 

b. A. _americanum was f ound in thre e pure ponderosa pine 
·stands in Colorado . The parasite appeared t .o be ju st 
as ·damaging as -:i.n.. lodgepole pi ne. !• · ru~!'.!:..9,__anum is 
-common on pond er.0sa. pine :i.n :mixed ponderosa..;lcdge-
pole stands, but it had not been noted previou-sly in 
pure ponderosa pine. (Hawksworth, RM) · · 

c • . ,.-_An investigatio:rr of · -.intermediate fungus species which 
. 0, 7 ·prepared conditions · ·suitable for Basidiomycetes in -

. cankers associated with dwarfmistletoe on west ·ern hem-
lock revealed twelve different species of fungi-nine 
ascomycetes and three Fungi Imperfe ct i. Two were un-

. desc~ibed species, Durandiella tsugeae and Helotium 
;_,_ ·columbianum, and one; ~rti -lidion decipien§_ · Karst., had 
:::1,. not,.: been found previouljly in North America. Tests :of 

seven species .to determine ·parasitism · revealed only 
one of the Fungi IJ:nperfecti to - show slight · parasitism. 
(Baranyay, Calgary) : ,; ,,. , ,. 

d. :. :.Im .a, study of. canker ·di stribution -on young · white firs, 
. no cankers :. w.ere found in the upper · 7 branch · whorls of 
.. any of · ,the - trees examined, and · cankers ·w~re rare in · the 
:-n~xt 3 whorls. Thus, most ca,nkers -were found . on branch 

--:'whorls . older than 10 years. On these older branches, 
cankers were common on gr owth segments as · young as ·J 

,, . y.ears, ·however. (Scharpf, PSW, and Parmeter:, Univ. 
Cal. ,- Berkeley) 

.:~_:; : . .· 
e. Observat'ion of germinated seeds of dwarfmistletoe on 

red and white firs in t he field iud:Lcates that in most 
cases the . radicle of a se~d penetrates the host branch 
at ··tiie. acute angie · made b;v' the branch and a needl ·e. 
Approximately 85% of th e germi nate d seeds on :red fir . : · 
and 75% of the germi nated seeds on white fir appeared 

·.,·,:t.-o ·penetrate at t his poi nt on the ·branch. · Killi:gg of , 
the .needle · commonly occurs in red fir as the radicle 

,._,_ wedges itself firinly betwe .en the need.J.e and t,he branch. 
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Th_e _si gnificanc e of this neEj)_l,ile killing to . infec~ _ion by 
d:wa:r_fmistletoe is not yet ,known. (Schar pf, PSW,. a;:r:id 

' Pa:rrileter, Univ. Cal.; Berkeiey) . . . 
"' .. ' .. . . . . . 

f. Penetr at ion of re d fir by dwarfmistletoe oc·curs .in. \h e 
summer and fal l of t he year following seed depo"s:i tion. 
Symptoms of infecti~m do not occm · until the second . . 
year following seed diss em5-nat:Lon. A noti ceahle sweli- · 
ing .of' .t .he branch at the poin t of penetration indi<,::ates. 
infect io n . Continued obsei·vation will be· made to deu, -

.. : "tiem:i.:::ie the pres9n ce of la tent ·:c·in;f ecti on s , (Scha1~pf : 
. . PSW a11d Pe1:rmeter, Uni". Cal., Barkele y ) 

g. Fre shly colJ_ected dwarfmistl e-toe 1:;eeci f _r om Douglas-fir, 
Pacific silver fi r , weste1 ·n J.a:::-ch, and we::rtern hemlock 
. hosts do not rema.in viabl.e when stored under conditions · 
comparable to those use d for tree se.ed sto rage • . Molds 
Attacked seeds stratified ii1 moist sand. Moistur e and 
.the gelat .enous shaath surrounding tl1e seed apparently 
are si gnificant in · niold devel opment. · Naturally ex-
pel led seed collected fr om Dougla .i;-fir hosts and held 

. for three months in the _ labo :r.atory germinated readily • . 
· Wn.en ·_p].~Ged on Douglas-fir seedlin gs in the greenhqu se; 

radi _cl~s: developed and were observed to make . contact 
with ·host tissues. (Shaw, WSU) 

h. Tests are underway to detennine the sus ceptibility of 
the cop,·stal for.rn·of Douglas-fir to dwarfmistletoe from 
the ·mountai _n .. fs>i'm·• other {nocu lation trials using · -the -
mounl ain forni .of · Douglas-fir and western larch are · 

. oe;i,'ng made \'o determine the sus cept ibility" of host :· 
· · tiss,ies of varied age s . (Shaw, WSU) · 

i. . Stuqie .s_ of J.1ost-parasite _relat;ions using radio iso:topes 
. :have ~shown' .'thci.t _.dwarfinisi)etoe of _ lod gej;>oie ,pine con-

.: . . ·d:u.cts _ph~ .o~t})es;i._s and t~Ei .photosynt pates .a:re ;,9,pidly 
· · ..... t.tan. slocat~d t hr oughout th¢ host. Conversely, ·tagged 

· !~~phq_tpsynthat~s · .t:_rom the host __ moved readily througq the 
· :.:xylem ,or phloem into the dwarfmistle;toe .plant. Th,e 

p~~nci'pai, ef!ect · of dwarfmistl"etoe oi:-i the host appears 
-€6 ·be a "girdle" effec t which res ults in an accumu~ 
lation of host phytosy-nthates at ·che infection site . ' 
(Re_qi~ke and Shea } Weye rhaeuse r) 

·. '. .. : N~eded· Research and . Studies not yet Reported ori 
.:. · . :·. . -

1. Interisifi _ciation and spread: _, . 

a • . , A prob l em anc1.lysis on dwarfmistlatoe entitled "Res~·arch 
. and s~rvey needs in 9- pr ogra.m to qontr ol the dwarf.~ 
mistletoes of Doµglas-fir, lodgepole . pi ne, c:1nd western . . . . . 
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larch in the -'Intermountain and notthern Rdcky :Mou·n-tain f 
regions 11 was completed. This analysis gives the major 

~problems,. inf:~tnnati.cm needed to ·solve · tpe .. prob],ems,· 

:: .-

. ·':.'and ·;suggests some 30' individual studies _. n'e·eded to pro-
u·.½.de ·the neces 'sary ·information •. (Leaphart, . INT) 

-:··--, b. · To be initiated in 1961 ·is a project on · losses · result-
,ing from growth reduction and mortality in · lodgepole 
pine stands infected by -·dwarfmistletoe. Objectives 
are: ·. (a:) to -demonstrate ·-the amount of losses ·result- · 
·ing from growtfr · reduction - in diff ·erent age classes 

· undeil; a variety of site concli tions and intensities of 
· infection. (b) to demorfr;trate the extent of mortality 
.: that .'•results in dJ.fferent age classes, under a variety 

of site conditions and intensities of infection. 
(Baranyay, Calgary) 

c. We have established several permanent plots, and will 
establish additional · ones~ .for experimental study of 
·productivity 'differences betw~en sanitized and·.-un-
sani t:j;~e_g. _,p§p_d.e:r:osa ... stands and.·' rate of intensification 

. of thE:i pest under a· fairly wide range of conditions. · 
·. : ,:.,,, · .(Childs~: ·PNW) . . . 

d. Measuring mistletoe impact in managed ponderosa stands 
was irlitiated. so that an appraisal can be made of the 
economics of control. ·This ifrformation is nee_ded now, 
and we cannot .. wait for· experimental results; ·conse-
quently, we have put at least half of the effort of 
the · Division this year --into a field study of mfstletoe 
effects on volume increment in stands of ··various ages 
-up to ·about 150 years~ - We·have · a1so · started an·effort · 

- .. to '.get intensification · data by means ·of stand recon-
struction. These 2 jobs will be continued at :least 
through next year. (Childs, PNW) ,. 

. . -
- e. Investigations we;~ initiated .. o.ri tbe. :.effects of dwarf-

mistletoe on growth of ·Douglas-fir · ·:near Klamath ·Falls, 
Oregori. To:'da.t·e~ stem analy"ses of · 32 ·mature trees 

_,s·,· suggest tha:t light infec-tions ha:v:e rio -marked ·effect _on 
increment wherea:s moderate and severe ••infectioniti re-
duced · increment ,cdrre_sponding ·to the degree of ·infec-
tion ·~·-' Additional .-ana:lyse ·s are planried~ · ,(Shea; Weyer-

·. ·ha-euser.) · . . ·-

2. Biological ··and Chemical Control. 

,. 

a. Pr:elimina.ry "gre ·enhouse trials · have indicated · several 
· promising 'new phytocides for the coritrol of dwarf_. 
mistletoe .on Douglas-fir · and ··pine~ · Continued experi-
:ni·entatioh · is planned . .. : (Redi°ske, ·Shea, Weyerhaeuser) 
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J. Life History, Taxonomy, and Morpholo gy : 
... _,:. ' !., . 

·-:a; Transpiratiori rates of A. - catnpylopodurn Engeli-ri; · on all 
.· important forest species perhaps should be st'lidied. 

The variation of transpiration rates, if any , with 
advancement of season and with stage of growth would be 
of interest. Most forest trees in California grow very 
rapidly for a faw weeks in June arid July; then start 
into gr 'owth donnancy. Dwarfmistletoe appears t.o be in 
active growth stages farther into the surnmer· ahd fall 

•._ :than ·the conifer hosts. Susceptibility' to hormone type 
·herbicides commonly is more or less pi·oportional to 
growth activity . When would the conifers be relatively 
most ·dormant and the dwarfmistletce relatively rnost 

· active? (Quick, PSW) 

4. Host-parasite relations: 

a. Studies on host specialization · of dwarfmist -letoes have 
been started · in California. Particular attiilntion is 

·· being given ·to the forms -=of A. campylopodum. ·cross 
inoculations have been made in the greenhouse and host 
specialization is being checked in the · field. (Scharpf, 
PSW and Parmeter, Univ. Cal. Berkeley) -

b~ The effect of bark thickness to infectton is being 
st udie d · in the field and in the laboratory, -=: -(Scharpf, 
PSW· andParmeter, Univ. Cal., B~rkeley) 

c. Studies · on the fungi · associated with dwarfmistletoe 
· infections should be extended. Plans have been made 

to ·study decay fungi associated with bole cankers on 
- red and white fir. (Scharpf, PSW and · Partneter, Univ. 
Gal. , _Berkeley) 

··.c . 
d. Dwarfmist,letoe . (Arceuthob iu m campylopodum) pn white 

fir (Abies concolor) was chosen for studying the trans-
location r ·e1ationships between these two plants. The 
lo cati'o'n ·of the study was near Strawberry ; in Cali veras 
County~ ·California-, at an elevation of about · 5Soo feet. 

·.,,, Only the fernale plants of the dwarfmistleto'e have been 
·· ·, •· :employed in the studies thus · far. • Experiments hl ve . 

-- : 0 ·,.•·. been qonducted as briefly described: The following 

,. 

·· i· c-14 compounds hav ·e been used in these studies;- Baco3 , 
2 , 4-D (2 , 4-dichlorophenoxyac etic acid) (3..;.amino-1, 

· 2,4• •triazole) or amitrol , and atrazine )2-chloro-4-
ethylamino~6-i sopropylamino-s ·.:..tr:i.azine) o · The' to-tat 
activity used was ab out 63 rnicrocuries per treatment 
with the BaC03 and 0.5 rnicro~curies with the 2,4-D, 

·· · arnitrol,' and atrazine. The Baco. was used. to serve . _, 
a.s a source of CO2 which could - be ~·use d by '-the · fir 
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and the mistletoe for photosynthesi s . The trans-
location of the photosynthate could then be studied 
by autoradiography/ ,6ou:ht-:kng, and .chromatography. 
The plan is to :conduct similar · studies in the .fall, 
winter, spring, and early summer • .In addition, the 
mistletoe is :bE:ling:'mar.itpul'ated w:i.th th e hope ,that it : · , , ,., .. 
can become a more effective II sink 11• 1'he three ·herbi ,,-· ;-;: 
cides have been applied · to the leaves of the fir and. 
the stems of the mistletoe. In addition, applications 
were made to the bark and the wood of the fir~ . · 
(Leonard and .. H1;i11, Uni~ :<CaliL:, ·. Davis) 
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Profe~ ·so:r Emeritu ·s · H~ris N. H~nsen passed · a:way in Lafayette, 
CalifQrnia, qn _April 26, 1960. ,,;-He .wa_s born in Varde, Den-
mark, November 8, i891, came tq the United States at the age 
of 17, and became a naturalized citizer. in 1918. He attended 
the University of California , obtaining his B.S. in 1924, 
M. S. in 1925 and the Ph.D . in Plant Pat.hology in 1928, when 
he joined the faculty of the University. He retired in 1959. 

Dr. Hansen 1s principal field of research was the fungi which 
cause plant disease, with specialties in the diseases of 
figs, forest trees, shade trees, and ornamentals, and in the 
variation phenomena in fungi. His research ·in the genetics 
ofvariation --in fungi and the ef.fe ·ct ·of variation bn taxonomy 
led tq wor;L~'."'wide recognition in this field ·and to a sirnpli- · 
fied scheme for the classification of species, especially of 
the genus Fu sari um. 

As a · teacher he was highly respected and sought after. He 
guid,ed : and inspired many undergraduate and graduate students 
who are now dispersed to various parts of the world. He aliio 
organized .~nd offered the course in Forest Pathology at the · .. 

.. :University. He will be deeply missed by his many friends, ' 
··colleagues, .. and ?tudents. --R. V •. Bega. · 

ALBER!' W. SLIPP 

1906 - 1959 . .., ... 

Albert ·w~ Slipp died in his home at Moscow, Idaho on-.December 
10, .1959, shortly after the conclusion of the 6th W.I.F.D.W . C. 
Although he had been in ill health for many "years, ·his , 9-e~th_ 
was : still unexpected, so well dict·,:he bear up unde·r his il:)..h¢ss. .. . .. ·· : · ... 

Professor Slipp was born August 10, 1906 in North Sydney, N9ya 
Scotia, Canada. After graduating from the University ·of New' 
Brunswick in 1930 with . :a. B. S. in Forestry, he took gradu~te · 
work at Harvard, filnory and the University of Idaho, where he 
received a Master of Forestry degree in 1939. Initially he 
devoted his attention to full-time research, becoming a rec-
ognized authority on white pine blister rust. He was also 
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interested in fungus ecology, and . published on the distri•• 
bution of the Boletes in the .Inland _ Empire. In 1945 tie 
·.,.dded teaching responsibilities to his research program . 

Professor Slipp was a· member of numerous scientific organ-
i zat ion s, incl uding Si gma Xi, Arr,s1·ica,:o Phytopathol ogi cal 
Society, the -Sodet-y of ilrnerican Foresters, the Northwes-i.; 
Scientific Association and the Idaho oi' Scien pe • . 

JJj _fj :chaBrf·,.1lne ss and pe rBev era "1ce will' \ lo n g be remetnbered ·.: 
by an who knew h:Lrrr. m•C. G. Shaw . 

CHARLES W" WA'J'ERS 

1897 1960 

Dr~ Charles . W. Waters died unexpe ctedly on January 21; 1960·· · 
from -exposure to fumes emanating from a faulty furnace·. · He · · 
:Ls survived by his widow, · a.· son~ and twd g1°andchildre n. 

D:r. Waters ~as born in Oketo, Kansas on :Oaoem.b..er. 7; 1897, 
He a·~tended successively Berea College (B. L., 1917; B. S. 
1919) > Ohio Stat ·e University (M.A.,. 1921) and the University 
qf · .. ~J.chigan (PhoD,, 1927). After teaching for brief periodiii 
at. ,Syroa.cuse Univers ity , Miami · University, arid the University 
of .},1:J_chig~nj, in 1926 . he joineJ ,.;he staff of Montana. Ste.te 
Univer$ity as assistant professor of Botany and Forest Pathol-
ogy . · Hi s knowledge of th e fungus diseasas of trees · 'was 
comprehens-lve and he was deep ly concerned with the economi c 
d1,~in which these diseases made on our valuable forest sta.nds. 
For more than 30 years Professor Waters has been ktwtm not 
only for his own investig ations on r ust diseases , mycorrhi.zae, 
pc:nderosa pine needle blight, mistletoe infestations, and 
0the~".' forest tre e diseat:Jes, but also for his exce llen ce ei.s 
c\ teacher. His enthusiasm, friendliness, and encouragement 
resl1lted i n marry of his students choosing Forestry or Forest . 
P.a:.thology as their ca:ceer. 

·nr:t )fa:te~i •~a:s a .member of th-3 •·.America~ Phytopathological 
,.Sq1;,:LEiltv·;, :Soc:'½ety; of. American Foresters , the Northwest .S&'ien- · 

· t{r:l.c ·.Ass ociation, and the Montan a. Academy of Science. 
·•r · 

'His ·u:qtiinely l).a.s;3,tng is ,cause for sorrow among .bi s : colleagu -es, 
fr:l~n.dri , ... a:ri~ fon.ner : students. •-~C • . G, Shaw . . .. 

,. 


