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ABSTRACT 

Larvae of Orgyia leucost1gma were found to be 

susceptible to nuclear polyhedrosis viruses isolated from 

Heterocampa (Orgyia) pseudotsugat a and O. antiqua as well 

as to their homologous virus. A very marked diff erence in 

s uscep tibilit y to virus was found between first- and fo urtll-

ins tar larvae, the fourth-instar being e~tremely resistant. 

I t is re commended that field applications of the viru s be 

made when the larvae are in tile fi r st -in~tar and an 

a pproximate dosage rate is suggested. 
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TNTRODUCTION 

The white-marked tus s ock moth, Orgyia leucostigma. 

is a moderately ser iou s forest pest in East e rn Canada and 

the Do u glas - fi r tusso c k moth, Heterocampa (Orgyia) pseudotsugata, 

a major defoliator in the West. Nuclear-polyhedrosis viruses 

(NPVs) have been isolated from both tll ese species and these 

viruses have been considered to b e responsib le for til e co llapse 

of n at ural p o pulat i on s (Neilson. u n published; Morri s , 1963). 

The rusty tusso c k moth, Q. antiqua, is a ls o found in Canada 

but is of little economic importance . An NPV has been re-

corded from this s pecies both in Canada and England . Althou g h 

natural virus epizootics o c cur in populations of white - marked 

and Douglas - fir tussock moths) both s p ecies can do considerable 

damage before the inse ct populations col lapse , and the early 

initiation of virus epizootics by artificial dissemination 

of NPV has been considered . 

This rep o rt describes preliminary semi -quantitative 

s tu d ies of the effect of three tussock moth NPVs on white­

marked tu ssock moth larva e to determine if any Olle is more 

p~thogenic than the others . It also describes the effect of 

its homologous virus on different instars. From these results 

recommendations a re made regarding the optima l t ime of ap pli ca­

tion and a t lieoretical application rat e is c alculated . 
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~lETIiODS 

A sampl e of white-mark e d t us sock moth NPV was 

i so lated from larvae co ll ected at Espanola, Onto in 196 9 , 

Douglas-fir tussock motl} NPV was obtained from Dr. Mauro 

Martignoni, U. S.D.A .• Corvallis, Oregon, and a sample of 

rusty tu ssock motll virus was co lle cted in Engla n d in 1966 . 

Polyhedral co unts were made of the tllr ee samp l es 

using a Petroff - Hausser bacteria counte r a nd the numbe r of 

polyhedra wa s standa rdized to 10 7 per mi. Serial 10 fold 

dilution s were prepared of 106 , 105 , 10 4 and 10 3 pol y hedra 

per mI . The NPV suspensions were s pray ed on artif i c ial d ie t 

(McMorran , 196 5) in pl astic 1 1 /2 oz . cream cups. A 

chromatograph sprayer was used wit h an a ir press ure of 

10 lb./sq. in . and 0.04 rol wa s sp ray e d o n the 8 sq . cm 

surface area of the diet. Six c ups were spraye d with each 

dilution and 4 - 6 third-ins t a r larvae placed in eac h c up. 

The larvae were examined microscopically to d etermi n e if 

death wa s ca us e d b y NPV (Plate 1) . 

To determin e the susceptibility of d i fferen t ins tars 

t o their homologous NPV. first- a nd fourth-ins tar white-marke d 

tussock moth larvae were compa r ed u sing the sam e pro ced ure 

as describ ed above . Eight cups were sprayed with each 

dilti o n and 4- 6 l ar v ae pla ced in each cup . 
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RESULTS AN D DI SCUSS ION 

White-marked tusso ck motl} Larvae were s usce ptible 

to Douglas- fir tussock motl! NPV and rusty tussock motl} NPV 

as well as to their homologou s virus (Table I). Th e re was 

no ma rked d ifference in vir u lence between t h e white - marked 

tu ssock moth NPV a nd the Dou g la s - fi r t u ssock mot h NPV, 

but the rusty tu ss ock moth NPV had been in storage in an 

aqueous suspension for 5 years and i ts infectivity may have 

been reduce d (Morri s , 1963; Cunnin g ham , 1970 8) . Th e viruses 

of the white-marked tu ssock moth a nd Do u glas - fir tussock moth 

may be one and th e same. In a r ec iprocal t es t Dr. Mauro 

Martignoni found that white-marked tussock moth NPV was 

cross - infe ctious to Douglas-fir [tLssack moth larvae and of 

the same order of pathogenic i ty as its homolo gous NPV. 

Therefore, if eit h e r of th ese viruse s were to be mass-produced, 

i t could be u sed for the biological con trol of eithe r species. 

The same situation was found with easter n heml ock l ooper , 

Lambdina fiscellaria fiscellaria. western hemlock looper , 

L. f . lugubro sa and western oak looper, ~. ! . somnia ria , 

NPVs whi c h were all infectious to easter n h em l oc k loo per larvae 

(Cunning llam, 1 970b). 

When the susceptibility of first- and fourth-ins tar 

white-marked tusBock moth larv ae to NPV was tested, it was 

found that first-instar larva e wer e very susceptJble an d 

fourth-ins tar hi g hly resistant (Table II). Mortality only 

occurred in fourth - ins tar larvae whe n they were fed diet 

spra yed with sus pen sions of .10 7 and 10 6 polyhedra/mI. From 

these result s a rough estimate would indicate that the 
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first-ins tar l a rva e are 1,000 times more s uscep tible than 

t h e fourth-instar. Results of th e same test perform ed with 

third-ins tar larvae in another experiment are shown in 

Table 1 . Although less susceptible tllsn first-ins tar larvae, 

third-ins tar are much more susceptible than fourth-instar. 

It is recommended tllat field applications be made when 

larvae arc in the first-ins tar. 

The phenomenon of resistance in c reasing to NPV 

with age of larvae is not uncommon. It has been found 

with the NPVs of the corn earworm, lIellothls zea (Tanada 

a nd Reiner, 19 62). th e armyworm, Pseudaletia unipun cta 

(Tenada, 1956) , and the forest tent cate rpillar (Stairs, 1965) . 

In contrast second-, third- and fourth-Ins tar eastern 

hemlock looper larvae were equally susceptible to NPV 

(Cunningham , 1970b). 

In both experiments the mean length of time to death 

was calculated and is shown in Tables I and II. The time 

varied from 14 - 17 days with the ilighest concent rati on of 

NPV (10 7 polyhedra/ml) to 23-29 days witl; the lowest (10 3 

po ly hedra/ml) . 

The value of converting labor atory results to re-

commended field application rates is dubious but the 

theoretical calculations are given. If first-ins tar larvae 

are sprayed a concentration of 106 POlYh~dra/ml is recommended 

in the lab oratory _ Wilen taking n patllogen or cllemical from 

the laboratory to tile field it is customar y to increase tile 

optimal laboratory concentration 10 fold. The appl i ca tion 

rate in the cups was 0.04 ml on 8 sq . cm . whlell converts to 
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about 25 U.S. gal . /acre. lienee a field application rate 

of 25 U.S. ga l. /acre of a suspension co nt aining 10 7 

poly hedra/mi . is s uggested . If an aerial applicatio n is 

considered it would be more practical to use a s uspension 

of 10 8 polyhedra/mi . a t 2 . 5 U.S. g al . /acre . 

In helicopter spray trials in Oregon , using 

Douglas-fir tussock moth NPV, 50 x 10
9 

polyhedra were 

disseminated per acre in volumes of 0.2 U.S. gal ./acre , 

1,0 U.S. gal . /a cre and 2 . 0 U.S , gal./acre. No marked 

difference was found between the 3 tr ea tm ents and 80-92% 

mortality was reported (Maksymiuk £!~ . 1968). This is a 

considerab ly lower application rate than recommended above; 

8 
when converted to number of po l yhedra/acre, 10 polyhedra/ml 

1 2 
at 2.5 U. S . gal./aere gives a deposit of 10 polyhedra/acre 

(20 times the quantity used in Oregon) . 

Althaugl, these dosages seem very Ilesvy in numbers 

of polyhedra, it must be pointed out that white-marked 

tussock moth polyhedra are very small. They vary in size 

from 1.O~ to 1 . 5~ (Plate 2) and the yield from virus-killed 

final iostar larvae is very 111gh. Production of virus to 

spray at th e application rate suggested above is well within 

the realms of practicality. 

CONCLUSIONS 

1. White - marked tussock moth larva e are susceptible to the 

NPVs of Do u glas-fir t ussock moth and rusty tussock moth 

as well as their homologous NPV , Dr . Mauro Martignoni 

has shown that Do u glas-fir tussock motll larvae are 

susceptible to wll ite - marked tussock moth NPV . 
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2 . Whit e -marked tussock moth NPV and Dou g l a s - fir tusso c k 

moth NPV are equal ly pathog e ni c to both hosts . Either 

virus cou ld be mass-produ c ed and used in the control 

of botll species. 

3. It is recommended that field applicati o ns be applied 

when larvae are in the first-ins tar; it is of little 

va l ue to apply virus after they have r c a c hed the fourth­

Ins Car. 

4. The tlleoretieal application rate ha s b e en ca l culated 

at 2 . 5 U.S. gal./ae re of a suspension containing 10 8 

polyhedra/mI. 
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Table I 

Pat h oge nicity te s ts of 3 vi ruses o n third-ins t ar white-marked t u sso c k 
moth larvae 

% larval Bean time Orig i nal Number of Number of denth f rom to dea th hos t of virus poly hedra/ml larvae virus (days) 

\.,rh1 te - 10 7 
30 73.3 16.0 + 5.7* -

10 6 
31 41.9 20.7 + 6.9 

marked -
105 35 25.7 20.8 + 8 . 2 -tussock 
10 4 

32 21. 8 22.0 + 4.9 -
10 3 

33 12 . 1 24.1 + 7.0 -

Doug l as- 10 7 
32 81.2 13 . 8 + 

3 . 2 -fir 10 6 
34 58 . 8 15.7 + 4 . 3 -tussock 105 35 31 . 2 1 4 . 6 + 5 . 8 -

10 4 
32 14 . 2 21. 1 + 3 . 9 -

10 3 
32 9 . 3 23 . 0 

Rusty 10 7 
28 50 . 0 16 . 5 + 7.5 -t ussock 10 6 
30 40.0 23.0 + 8.9 -

105 26 38 . 4 24.9 + 7.5 -
10 4 

28 29.4 20 . 3 + 8. 1 -
10 3 

32 18 . 7 27 . 3 + 5 . 6 -

Cont r ol 
50 0 

*Sta nda r d d evia t ion 
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Table II 

Pathogenicity tests of whit e -m a r ked 
tu ssock moth NPV o n flrst - and 

fo urth -ins tar Larvae 

Number o f No . of % Vi rus 
polyhedra/ml la rvae infe c tion 

10
7 38 100 . 0 

10
6 33 100 . 0 

10
5 34 88 . 2 

10
4 31 4 1. 9 

10 3 4 5 6 . 7 

Control 42 0 

10
7 38 42 . 1 

10 6 41 14 . 6 

10 5 46 0 

Co ntr ol 46 0 

*Standard deviation 

Nean time 
t o death(days) 

14 . 1 + - 3 . 3* 

16.7 + 7.9 -

21.4 + 7 . 6 -
32.7 

+ - 6.6 

29 . 7 + 3 .1 -

17.0 
+ - 4 . 6 

17 . 8 + 2 .7 -
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Plate 1. A smear preparation of fat-body from a wl,ite-marked 
t u ssock moth larva infected with NPV observed microscopically 
under phase contrast. The highly refractive white spots a r e 

nuclei packed with polyhedra. XI70. 

"'--------. • .. 
r _ • 

• • /t'" .-
<, > , 

Plate 2 . An electron micrograph of sectioned polyhedra in 
ti ssue of a white-marked tussock moth larva infected with 
NPV . Single virus rod s (arrows) are embedded in the polyhedron 

protein matrix. X42 ,OO O. 
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The provenance tests in ICirkHood Tm·mship an::l at Randolph Lake 
have es sentially the same di sease history . They Here planted in 1 953 
and 1954 respectively, beca me infected Hith disease in 1958 , suffered 
rather heavy mortality the first tHO years (1958- 59) , and a continuing 
l esser mortality each year since that time . The major diff erence in 
the tuo t ests HaS that the Randolph Lake test Has located in the area 
Hhere red pine mor tality Has first reported in 1954 , whereas the Kirlmood 
TOHns:1ip test "ras planted in a n area I'lhich at the time of planting did 
not f.) hOH allY noticeable degree of mOl'tali ty in surrou nding established 
st[.·nds . This differei1ce may be the reason for the heavier mortCility in 
the Randolph Lake t,est (Tables IV snd V) . 

The thi rd test , north of Rose Lake , VIas p l a ntC'Jd in 1956 in an area 
someHhat isolated from extensive r ed pi ne pl antings . Unlike the other 
tests, it Has unaffected by disease until 1962, no that the mortality 
experienced. before that time (Table VI) can be assumed to be largel,y the 
result of planting failur e . The variati on in mortality between trees 
of various seed sources is not great , but l.t does suge:est that there may 
be s ome relationships . Hm-1evcl', since all the survi vi.ng trees s how 
s i gns of j nfection Hith disease at pr esent} a more meaningful picture 
may be forthcoming from f uture records . 

7 . m!VIRONNllm'i\L CO~[)ITIONS 

7.1 Soils a nd Climate 

The distribution of heavy mortality (Fig . 1) in the Kir l<Hood Unit 
coincides closely \.Jith the occurrence of the Pe taH"a\oID sam soi l type . 
Houever , s ince most of the red pine in tbe Unit HaS planted on the s and 
plains , there is J.i ttle opportunity to compar e grOl"lth Dnd survival on 
different soil types . Nortality is Im-Ier it! the southern part of Ki rkHood 
Tmmship, and some of this soil h ilS a hi.gher than average silt content , 
but i f the disease is spr eading sou t h and east, a s has been suspected, 
and the s outhern border of KirkHood TO"lmship constitutes the present 
margin of' the infected a r eB , the louer mor tality there could be explained 
Hithout reference to soils . 

A r e l ationship betHeen nutrient def iciency a nd the diseDse condition 
has been suggested many times in the pas t . I ndicator experiments have 
sugl~ested that certain wpes of i'ertil;i ze r applications may increase tree 
mortality (Sec . 6) , increase groHth but exert no a ppreciable effects on 
disease resistance (Sec . 8 . 2) , or retard grovrth ·Hithout noticeably 
affec ti:1g mortal:i.u; from dise~se (Sec . 9) . Nr . Ray Leach of the Research 
Branch, Ontario Deuartment of Lands and Forests has e stablis hed a numbe r 
of carefully planned fertilization experiments in the Kirkwood Unit , and 
he may be able to provide cons iderD.ble va l uab l e information in the future . 

A theory has been put fort-lBr d in the past t ha t the large stem cankers 
originate DS cracks in the bark caused by rapid.ly dropping night - time 
tempe r atures folloHi ng extremely hot days. Supposedly these cracks are 
then infected Hith pathological organisms and cankers r esult . Such weather 
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conditions do occur i n Kir~lOod, Jtlrticularl,y on the sand plains , and 
daytime temperatures of 80 to 90 F. are sometimes followed by nieht 
frosts in mid- summer. Bleeding of the main stem from Hha t appear to be 
cracks in the bark of young trees five to 10 fee t i n height is common 
as Hell. Hmlever, the connections, if any, betHeen summer frosts , 
bar k c1' ac\(s , and stem cankers have yet to be proven . 

The effects of underplanting are illustra ted by t"l0 r ed pine stands 
planted in Kirki'lOod Tmo/nship in 1950. The planting sites cons i sted of 
old fields partially covered Hith young aspen- Hhite birch stands . 
Nortality i n t he openings ranged from 65 to 85 per cent , Hhereas unde r 
the hardHoods , losses dropped to betHesn 40 and 50 per cent. 

An j ndieator exper iment designed in 1960 has shmm s ome very 
int eresting results . A four- feet Hide strip of old- fiF.:ld sad \·1as t hor ouehly 
rotot illed i n 116.Y, 1960, a nd three pai rs of plo t s , four by four fee t , Her e 
staked out \-lith eight feet betHeen each pai r . One additional pail' of 
pl ots 'Has marked out in adjacent undisturbed sad, On the tototi l led strip, 
one pair of plots Here cover ed 'I'li th tHO bu.shel s of l .5-year-ol d stabl e 
manure , one pair with 8- 12- 6 fertilizer at the rate of 1000 I bs l pe r acr e , 
a nd one pair '\'Ter e left untre~ted . Tvlent.y 2- 2 r ed pine seedlings Her e 
planted on each plotj and one of each pair of pl ots ",as covered with an 
aluminum- s creened cage four by four feat by tHO feet hi gh . 

The manured plot s r apidly became covered "Ti th a luxuriant gr owth of 
al s ike cl over , a nd al l t he trees died . Grm-1t h measu r eme nts of t he r emaini ng 
pl ots shoHed that the trees planted in sod ave r.s.ged L • .5 inches i ncr ease i n 
height each year f r om 1960 to 1963 , those in rot otilled a nd unferti lized 
ground averaged 5 • .5 inches , a nd the trees on rototilled a nd fertiliz ed soil 
averaged 7.4 inches per year duri ng the fou r -yea r per iod. 

The t r ees became infected with disease in 1962, and Table VII shows 
t hat there Has extremely hi gh mor t .. lity in all the uncaged pl ots, whereas 
those i n t r ees in the cages suffer ed only very light l os ses . 

TaLle VII 

Red pine mor tality in cage exper iment , Kirkuood Twp . , 1963 

Tr eatment No . Trees Mortality No . Tr e.es Hortality 
in crlge No . of trees uncaged No . of t rees 

Sod 2-'-- 3 20 19 

Rototi 11ed 
Unl'erti l ized 20 0 20 16 

Rototilled 
Fer tilized 20 1 20 20 
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Although the cages '·'01'e ol' i ginii lly placed ove r the t rees to 
prevent insect feed:i ng , the results of the experi ment cannot be safely 
attributed to this factor, since t he cages brought about other important 
modifiN.tions . It i s e. Hell-known fact that screened cages modify the 
cliInate "lithin by l evel ling tCPlpe r atur e ext.remes , i ncreasing s oil moist.ure 
and air humidity by decreasing Hind vel oci t y a nd evapor a tion , and by 
decreasing light intens j ty . 

In addi tion, the screen all t hese cages effectivel y prev ented 
accumulation of S!101"r a r ound the t rees . During the 'Hinter of 1961- 62, 
inunediately preceding infection, the trees outside the cages '-lere 
completely snOH covered , hut. on\y about three inches of s now sif ted into 
the cages , and the trees inside Her e left almost completely exposed . 
The preceding Hinter (1960-61) , fol loHing Hhich no infection occurred, 
Has one of unuSt.'alJ,y ligh t. snOl.;fall , ami the trees both in a nd out of the 
cages r emained exposed a l l lvint.er . 

Periodic examinati cns of the trees each ~Ul11TIEl I' shoHed that light 
Heevil feeding had occur red on s ome of the trees . However , most of the 
trees bore no oDvimls si gns of insect attack . 

This experim~nt is partjculur~y interesting because it appears to 
hold important keys to an understanding of the r ed pine mortality probl em . 
The author fee ls thvt insec t feeding \-:as not a n important f actor , a nd if 
t his is true, then climatic factors must be considered . It has already 
been potilted out that the d.iseasE: infecti0n pattern on the trees duplicates 
the feeding hClbi ts of the Heevil , £.. approximatus . HOi·'ever J since most 
morta l ity occurs l·:ithin J fe e t of the ground , i t might equally Hell be 
associated Nith snow depth . 

8 . A STAN!) HISTORY 

In 1 960 , a stand of red pine \'las planted specifically for studies 
being carried out Qy the author in Kirk~lood Township . The seedl ings 
Here 3 - () stock from the KirkHood nursery , and they Here slit- planted 
by machine at a foul' by seven foot spacing in old sad . 

A five- acr e block HaS divided into 10 one- half ncre pl ots and marked 
with corner stakes i~~ediately after plant~ng . In 1962, four of the 10 
plots Here fer till zed Hi th 10 - 5-10 fertilizer nt the rate of about five 
Olillces per tree applied t n a cir cular band 2hout six inches from the s tem . 
Detailed observati ons on in.'3ect populations arxi disease Here made several 
times each year , and records of tree gl'oHth and mortality Here mai ntained 
f r om 1960 to 1963 . 

Nj.neteen siXty Ha.S ii good. year for tree groHth with r ainfall Hel l 
distributed throughout the groHing season (Fig . L) . Records shoNed that 
6 . 9 pe r cent of the trees di ed from planting s hock , and 2. 0 per cent 
from rodent fI.nd Heevi l attack , making a total of 8. 9 per cent for 1960 . 
Insect feeding vilIS negligible with 3. 0 per cent of the trees infested 
Hith the pine tip moth, Hhyacionia adana Hein . , and L.o per cent 'fIith the - - --

,.. 
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sulphur leaf roller , Sparganothis ~ulfureal1a Clem . 

FolloHing a Hi nter of deep , hard f r ost , a nd an ave r age 5no;.1 depth 
of onJ,y six inches from December until flprtl , rain Has scarce in t h e 
spr ing of 1961 until the last weck of Hay. Shoot growth Has r etarded , 
but the rains came befor e serious injury occurred , and no serlous 
shor tage of Hc..ter t00. k place during the remainder of the SUf;'i[l\cr . 

r·1or talHy Has light in 1961, with only L 2 per cent of the t r ees 
l<illed by root- feeding insects . lis in 1960, 3 . h per cent of the trees 
Here infested Hith the pine tip moth , but the number of trees infested 
with su l phur leaf roller increased to 79 . 0 per cent . Feeding scars 
of the i·/eevil, P . approxi matus , Here found on u.O pe r c ent. of the trees, 
and 6 . 9 per cent uere infested Nith the pine bark aphid , Pineus s t r obi 
(Htg. ) . Disease made its appea r ance in 1961, "lith 0 . 2 per cent of the 
trees bearing stem cankers . 

The snOH came early in the fal l of 1961, and f ros t penetra t ed 
only the top tHO inches of soil. The sno", averaged 16. 8 inches in 
depth from December until April , and the trees Here completely covered 
f r om January 10 until the end of l1arch, 1962 . Hai n 'Has abundant in Nay 
Hhen grm-sth be~an, but after the first Heek in June a seve r e drought 
began and continued unt il the middle of Augus t . 

\'lhen the snOH disappeared in j1.pril , the t rees appeared to be in 
excellent condition. HOViever , shortly t hereafter trees began to t urn 
brown, and by mid - August cOlmts shoHed that 13 . 3 per cent of the 
trees had died of d i sease , and h9. 7 per cent of the surv i vors bor e 
diseased l eaders or side br a nches . {.1a T\Y of t.he t r ees Hhich had been 
seve r ely weakened by disease we r e killed by Heevils and bar k beet l es . 

The tip moth infestc?tion doubled in 1962 (6 . 0 per cent of t he 
trees i nfested) , but r emained rather i nsignificant, and the sul phur 
leaf ro l ler i nfestation decreas ed to L3 per cent, prob~bly because its 
alterne, tive gr oundcover hosts dried up due t o the drought . The pine 
bark aphi d occurred on 10. 7 per cent of the t r ees , and several 
neHcomer s appeared; another tip moth , Eucosma glor iola Heinl' . (2 . 0 per 
ce nt ) , tHO adel gids , Cina r a spp . , (15 per cent), and the "'00ly pine 
needl e aphid , Schizolachnus pini - radiatae D::vidson (2. 7 per cent) . 
The ne'" shoots of 3. 0 per cent of the trees Hilted from ls.ck of water and 
f.:liled to recover . 

The snOH came ear ly again in 1962 , a nd soil- f r os t penetra t i on 
VIas only one inch . Snrn'! depth from Oecember until April ave r aged 13 
inches , \-lith a maximwn of 24 inches occurring in February and 1·larch . 
The sn01\1" disappear ed the first Heek of April , and rai.nfal l Has ve ry 
light until the middle of July, 1963 . 

Count s in mid- June sho\'1ed t hat 33 per cent of the trees had died 
of d i sease , and another 30 per cent had partiall y dead cr owns . Weevi l s 
and bark beetles Here abunclant in the dead a nd severely diseased t r ees 
so that mortality could be expected to increase before the end of the 
summer . Hith the ex cep tion of the sulphur leaf rolle r Hhich i nfested 
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only 12 per cent or the trees , the percentage of trees infested by 
vartous insect.s had increased to the folloting values : 1'1Oo1y pine 
needle tlphid - 16 . 8 per cent, Cinara spp . - !L .B per cent , pine bark 
aphi d - 21.2 per cent, and G. glcriola - 3. u per cent . Predators 
wer e noticeably more abundant, Hith chrysoptds on 30. 9 per cent , 
coccinellids on L.4 per cent, 2nd spi del's on e.o per cent of the 
trees . 

By the e~d of 196) , total mort~li~ in this stand had re~chcd 
58 . 7 per cent, and all but 10.1 per cent HaS prtmarily due to disease 
(Table VIII) . Hi th at least )0 per cent of the surviving trees 
infected, and bearing either dead lea ders or side shoots, fUrther 
mortcuity in the futUr e is t o be expected . 

The pattern of mortality throughout the stand is extremely 
interesting (Fig . 5) . The plantation is located beb!een a natu r al 
mixed stand, made up of aspen, v,hite pine , phi te spruce , and Hhite 
bh'ch, on the Hest, and a red pine stand planted in 1955 on the 
east . The latter hus suffered 80 per cent mortality from disease 
stnce 1958 . The young plantation is bounded 011 the s outh by a white 
pine stand planted in 1929, and on the north by old field s l oping 
r ather sharp1¥ cimmuard to a n outcropping of bedrock am a tamarack 
SHamp . 

Horta1i ty iV'as Imlest at the southern end ot the pl antation and 
increased. steadily tOHards the north . Mortality "las considerably 
10\V'er on the tV'est side next to the ntltural mixed stand than it vras on 
the east beside t.~e 1955 red pine planting . The progress i ve mortG.lity 
from south to north , <ind the substantia l difference betvleen east find 
west , suggest that cer tain very important f ilctors related to the spr ead 
of the disease are ope r ating here. 

The 1955 stand on t he east rn.J.y have served as a source of i nfect ion, 
since 80 per cent of the trees in that st.a.nd vlere killed and pract.ically 
al l the s lJ.!'vivors shOt-led signs of infection H:i.th the disease . BOHever, 
it should be noted that the bulk of the mort<.Uty occurred there in 1958 
and 19.59, and t he remains of the dead trees have nellV' disappeared . Some 
tree mortali t'r £ind l OHer branch mort~lity has occurred each year since 
1959, but these infected trees arc relatively scarce and scattered . 
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Table Vil t 

Annual morta l i ty in red pi ne stand planted in 1960, 

KirhTOcd TmTn<>hi. p 

Year Per cent of trees killed Per cent Tot<:l 
by survtvors Hartali ty 
PlantinG InsEcts Disease lnre cted ,-,I ith 
Shock dise~se 

1960 6. 9 2,0 0. 0 0. 0 8, 9 

1961 0. 0 1 . 2 0. 0 0. 2 10.1 

1962 0. 0 0. 0 13 . 3 l,9. 7 23 . 4 

1963 0. 0 0. 0 35. 3 30.0 58 .7 



Table IX 

Grouth l'1easurelrents* , Red Pine Planted 1960, Kirkwood T~ .. 1p . 

Plot Treatment Unfert . Fertilized Unfert . Unfert . Fert . Total 
Plot No . 1Q A2 Bl B2 Dl D2 El E2 Hean Mean Hean 

Overall Height 
(inches) 

1963 20.3 19 .6 19 ·2 18.9 19 .4 18·5 19.2 18 .4 19.3 19.0 19 .16 

Di .:lll'£ ter Ground 1963 0 .53 0 ·50 0 .52 0 ·52 0 ·52 0:50 0.52 0 .49 0":51 0:"51 0:51 
Level (inches) 1962 0.42 0 .37 0 .39 0·39 0 .42 0 ·38 0 .43 0 .37 0 .39 0 .39 0 ·38 

Leader Length 1963 4 . 70 4 ·4 3·9 3·7 4 .1 3:5 3:7 4 .0 4 :2 4:'0 3·8 
(inches ) 1962 6:4 5·6 5.8 4.9 5:6 4:9 5 :8 4 . 6 5:6 5:4 5:3 

1961 2:5 2 ·3 ~ .2 1 .8 2 ·3 2:4 2 ";5 2:3 2 ;4 2 ;3 2;2 
1960 2.5 2 .. 5 2-3 2.4 2 .6 2 .7 3.0 2. 6 2 .6 2 . 6 2 .5 

<"- Needle length 1963 3 ·6 3.7 3 ·2 3:4 3:2 3 ·5 3 ·6 3 ·7 3':6 3 .5 3 .3 .... 
(inches) 1962 2 ·5 2 .4 2:3 2 .4 2":4 2 .6 2:3 2 .J 2.3 2:'4 2:4 

1961 4:'7 4 .5 5;"0 4 :5 4 :4 4.3 4:7 4 .3 4.5 4 · 5 4"·5 
1960 2 .4 2 .1 2 .3 2 .0 2.4 1.9 2.2 2.0 2 . 1 2.1 2 .1 

~!eedle Retention 1963 100 100 100 100 100 100 100 100 100 100 100 
(% of trees) 1962 100 100 100 100 100 100 100 100 100 100 100 

1963 1961 100 100 100 100 100 100 100 100 100 100 100 
1960 79 86 71 77 76 44 84 85 83 77 67 

Prior 44 39 14 5 13 4 30 19 33 23 9 

" 10 per cent sample (every lOth t ree) 

"" 
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Other factor's Nhich might be considered are : the !lrevailing 
Hinds ar e \"resterly , the dominant trees cf the natural Ildxed s t n.nd 
on the Hest r each a height of about 50 feet , and could exer t 
considerable effect on the mesoclimate of the ad joining ~l rea , 2nd 
the presence of the gravel pit (F'ig ~ 5) suggests the possibility that 
the s oil may be coe rser a nd dryer tOl".'8rds t he north end . 

Table IX 5ho':18 t he grmltl1 of the 1960 stand unti l 1963 . Gro".t h 
has been compara tively 5101 .. , probably due to the dronght condi tions 
of the past three years . The fertili?er applic2t~on appears to have 
reduced height and diameter grOYlth a nd needl e retention , This is 
probabl y due to the lack of rain f r om the tir.te the fertilizer Has 
applied (Hay 18- 21) until the middle of Augus t in 1962 . HOHeve r, 
ther e does not appear to be al1Y relationship betHeon mortality and 
presence or <lbsence of fe r til i zer . 

There is soma indication f r om the figur es in Table IX that 
slight ly better groHth occurred tOl-lards the southern end of the stand, 
but it might be dar.ge r ous to attempt to relrtte this to degree of 
mortali ty . '111e indicator experiment (Table VIr) shoHed no such relation­
ship, and Harnden and HacDor!i!. l d (1959) ShOt·led that in t' ... o stands Hhich 
suffered heavy mor t c lity in 1958 and 1959 J the height grmrth averaged 
6 . 6 and 7. 0 inches annu.:lly in th~ three years prior to infection . 
This Houid be considered excellent grm·rth for trees i n the establish­
me r.t ::;tage in Kir kHoocl . 

Obsel'vations t h:roughout t he Kir\mood Nanagement Unit indicate that 
the insect and disease history of ~~e 1960 stand during this firs t four­
year period is t,ypical of most youn(!; stands planted on si:nilar sites . 
Although much of the information on climate &nd other factors may appear 
u nrelated t o insects and dj sease ~t present, future Hork may provide s ome 
def:i.nite eorrelGt:Lcns . 

9 . DI SCUSS ION 

Hith our prescnt limited knoHl edge of the disease organism or 
organisms involved in the r ed pi ne mortality problem, any discuss ion of 
t he mea ns of infection and dissemination is l argely speculative . However , 
it may be valuable, at thi s time, to examine the facts He haVe and 
attempt to determine Hhat t hey indicate . 

As a res ult of past experience, insects are usually considered 
pri maI"'"f suspects in the spread of disease , and in the Kir lGlood situation, 
thera is consider able super fic:ial evidence to s upport this s uspicion: 

1. The mor~ali~ pat tern on the trees duplicates t he feeding pattern 
of the Heevil , .!:. approximatus . 

2. The r apid increase a nd spread of t he disease in recen t years coincides 
wi th the beginning of t hinning oper ations in KirkHood , and t hus Hi th a 
considerable iner anse in l·Ieevil popula ti ons . 
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3. The feeding pits of ildult Heevils appea r to be perfect entr ance 
cour ts and tncubation chambers for a fungus dlsease , a nd they are 
often COllUlicn in the vicinity of bark lesions . 

4. Mor ti'..lity of trees cuger} so that insect fceding '\'laS pr event ed 
was practicC!. l ly nil, Hhereas uncaged trees suffered VeIy heavy 
mortaHty (Sec . B) . 

HOHeve r , there is , at t he sc:me time, some evidence indicating 
that i1(!cvils do not play 2.11 impartent pi.l.rt in the dissemin2.tion of the 
disease : 

1 . In the 1 960 stand discussed above , only tuo per cent of the 
trees bore traces of adult weevil feeding tn t he .fall of 1961 , but 
in the spring of 1962, 1) . 3 pc]' cent of the trees died ~nd 49. 7 per cent 
Here i nfected Hith disease. 

2 . The Rose Lake Provenance Test probably duplicates this situ~tion . 
This pl&ntation HaS isolated from other extensive red pine pll1ntin r~'s , 

and sever al miles a"'li!y f rom the nearest thinned s t and . l10rtaHty Nas 
negligible in t.he stand during t he ye2 r s immediately preceding infection, 
so that it is safe to (!ssume that the Heevil popula t i on .,as 1ml and 
",eevil feeding lifht . Hmi6ver, in 1%2 and 1963 , nine to 16 per cent 
of the trees Her e killed by disease , t:nd t\103 r <)mainder all shoh'ed s i gns 
of infection . 

3 . In the cage experiment mentionen above , the trees outside the cages 
"'hicn died of disease !3 hm-led very little weavi l feeding the previous 
year. 

4 . In 1961, an old field adjacent to a neHly-thinned Scots pine stand 
was planted \-lit.h r ed pine . Red pine Here undc rplantcd in the Scots 
pine stc.nd as Hell. 1,.leevil emergence in the thinned stand ,,,as ve ry 
heavy in 1961 and 1962 , and the young trees Here subj ecteri to severe 
feeding by adult weevils . In 1963, only 3. 0 per cent of the t r (.es had 
dh:d, and their death C1ppe2,rt::d to be due to causes other th:m disease . 

5. In the summer of 1962 , diseased t r ees infes ted Hith~. approximatus 
larva~ Her.:: collect ed and ba.nked against rOH5 of r ed pi ne planted t n 
1960. The trees i'/ €:re ce ged, and \-/he n the cc\ult ,,/Ccvils emerge d in 
late July and August, they fed heavily, on the y oung trcGs . Just before 
freeze- up , one of the cages ",as removed to a l laH tht..! trees to become s nOH 
covered, Hhile anothe r cage was left in place to prevent sn01" accumula tion . 
This cxpcrirre nt thus provid ed heavy Heevtl feeding , a sourco of infection 
from the diseased trees , and both sno", cover and l uck at sn OH covel' during 
the winter . None of the t r ees ShOHCd any symptoms of disease in 1963 . 

It "lOuld be f utile, at this time, to attempt any discussion of climatjc 
il nd site f<lc t ors in relEltion to disE:ase infection nnd dis s eminat ion . Hovr­
ever , observations indicnte that future disease s tUdies should consider 
the possible ef fects of soil rooisture (and moistur .:! cop-tent of trees), 
depth of soil freezing, dGpth of snot-! COV (;; l" , <'-nd degree of shad:i.ng . 
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10 . APPEi'ffi rx 

Mortality Survey of red pine plantations establishod since 1950 

in the; Kirk\'lOod Forest Manc: gement Unit, 1963 . 

Tmmship Map ref . Year Per cent lnortali ty Per cent 
number plc ntc--d to 1962 1962 -63 survivors 

diseas e infe cted 

Kirkwood AA 1955 78,4 1.0 18. 2 

AS 1950 62 .8 0,4 35.4 

AO 1950 55 . 2 0. 0 44 . 6 

AP 1950 9.8 0. 2 84 .8 

AQ 1950 4. 0 0. 2 95 .6 

AR 1950 11. 0 0. 2 88 . 4 

AI 1959 63 .4 10.6 21. 6 

AZ 1959 71 .4 4. 8 18 .2 

BE 1959 70. 0 9.8 15. 6 

BF 1959 36 . 6 10.4 24 . 2 

BL 1959 61. 2 5. 0 111. . 0 

Bn 1956 9. 2 0.4 71.8 

BS 1960 69 . 2 3. 4 15. 0 

BU 1950 48 .6 0. 0 51.4 

BV 1959 69. 6 4. 4 18 . 0 

8\-1 1959 6.8 .-0. 0 h1.0 

BZ 1958 7. 2 ~ . 7 7.2 

CB 1958 74 . 0 · 2.8 22 . 2 

cc 1958 87 .0 0.4 10. 0 

CD 1960 26 . 2 3. 0 70.8 
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Nortal i ty survey (Cont 1d) 

Tor/Ds hip i1ep ref . Year Per cent mortality PClr cent 
number pl anted t o 1962 1962-63 survivor s 

disease infected 

--
Haughton AC 1958 30 .4 20 .1 29 .2 

AD 1951 96 .4 1.2 2.4 

AE 1951- 54 69 .4 2,4 26 .6 

AF 1951-54 54 .0 9.8 37 ;8 

AG 1951 99 .2 0.0 0.8 

AH 1951 73 .8 0.8 23 .h 

AI 1954 92 .6 1. 8 5.6 

AJ 1951 98 .8 0. 2 1. 0 

AK 195!, 78 .0 3.h 18.2 

AH 1951-54 69 .0 9.6 21.4 

AN 1954 84 .6 1.8 13 . 2 

AT 19511 77 .8 2.0 19.6 

AU 1954 93 .6 0.6 5. 8 

BX 1951- 54 47 .2 14 .8 38.0 

BY 1951- 54 68 . 0 12.8 19.2 

Bri dgland AS 1951 31.8 .3 67 .6 

AV 1953 35. 2 2. 2 59 .8 

Al'I 1952 0.0 1.6 97 .6 

AX 1952 0.0 0.0 100.0 

Rose Bil 1951 0.0 1.0 99 .0 

BB 1952 86 . 2 0.8 13.0 

BC 1957 61.1, 1.8 34.2 

BD 1957 53 .8 17.4 28 .8 

BG 1951 40.4 2.0 57.6 
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l'iortali ty survey (Cant r d) 

Tmmship Hap ref. Year 
number Planted 

Per cent mort ality Per cent 
to 1962 1962- 63 survivors 

disease infected 

Rose BH 1951 41.0 0.6 58 .h 

BJ 1951 60 . 0 0.0 [,0. 0 

BK 1950 43 . 2 0.0 56 .8 

BM 1958 69 . 2 20. 0 10.8 

BN 1958 44.6 9. 0 40. 0 

BP 1958 20. 8 9.0 70 .2 

CA 1955 65 . 2 7.6 27 . 2 

Lefroy BT 1959 60. 8 10. 8 28 . 2 

Note : Refer to melp on folloHing pace for lQcation of the 

above s tands . 



I : I I ; I 1 I 1 : 
1 Iii I I 1 I 1 I 

--+1 ---II~--t---T---i--- ---L - H~UG~TONL--I- --
1 1 I I 1 1 I 

1 I 1 AH 1 1 
I , I AF I AG 'AI I I I 

--t---GALBRA�TH --- ~- - --- -l ---+ ---I ___ -j ___ I- __ 

1 : : i I l::"A~".,.1 AU ill 
- --~- -T- - 1" -- -1 ___ +--- -- ~~ ~"- BL_J ~T_~ L- ~ __ _ 

I I I I I I BYI I I I 
1 I 1 : I : I I I I 
1 ~ I I 1 I I 
I I I I I I I AV I I 

__ L __ L_-+ __ --j ___ -! ___ ,,~!--I---~---:- J I 
I I I I I AW I I -- I-- - r---
I I 1 I I BA I I I I I 

-_-' ___ -1 __ --1- __ -1 ___ + _____ I ---~ __ l .J I 
I I I 1 I AS --; , , -- 1---1---

I I I I BBI I:: 1 I 
---I----t-ROSE-1- - +-------l---BRIDGLANO---I---

1 I I I I I I 1 
1 BG 8H I BJCA I I I I I : i I 

--f-- -'--~--i---i-- --~--~--i---T--1- --
I I I BK I B,o BPB I I I 1 I 

---+---'---'---T----l- -B ----I-- .1-_+- __ L __ I __ 

I I I 1 BC 1 BM I I l iT I : ! BD I: I: I : : 
1 I I 1 I BU I 1 1 I 1 
I I I I BEAB AA I I 1 

.J I- I I AZ AD I 1 I 
- - 1- --1 LEFROy,-----BT- BlaF'----IKIRKWOOD- --I---

I I I I I I I I I 1 
---1--_1- __ 1 _ I J lAY cbcc aSI I : 

I T -T--:- -- ---T--+--,ca--t----,---
I I I 1 I- az awl I I li aR 

---l---:---t--~ --- ' : I AP L 1 . 
I I I ~AR I --
I I I I - I ---1---1-------(--
I I I 

I I _+ __ ~ --i~- -t --P' -

Portion of Kirkwood Management Unit 

showing locations of red pine stands referred to in mortality surv ey . 



- 23 -

11 . REFERENCfo'S 

Benzie, j . \'1 . , 1958 . A r ed pine planta.tj on problem in Upper 

Michigan . L2.ke States For . Exp . Sta. , U, s . D. A., For . , 

Ser . , Tech . Note No . 524 . 

Foster, H. R' J 195'5 . Report of the Forest Diology Ranger for 

the Sault Ste . Harie District , Can . 1igr . , For . Biol. Di v . , 

For . Ins . Lab " S~ult Ste . Mnrie . 

Harnden, A. A. , and MacDona l d, J . ~ . , 1959. CandiEon of red pine 

in provenance test plots , Rose 'rm·rnshi p . Unpublished report , 

Forest Insect Lab . , Sault St.e . Harie . 


	Abstract

	Introduction

	methods

	Results and Discussion

	Conclusions

	Acknowledgments

	References

	Table 1 - Pathogenicity tests of 3 viruses on third instar white marked tussock moth larvae

	Table 2 - Pathogenicity tests of white marked tussock moth NPV on fires and fourth instar larvae

	Environmental Conditions

	Table 7 - Red pine mortality in cage experiment, Kirkwood Twp., 1963 
	A stand history 
	Rainfall - Kirkwood Twp., Ontario 1960 - 1963
	Table 8 -  Annual mortality in red pine stand planted in 1960, Kirkwood Township

	Table 9 - Growth measurements, red pine planted 1960, Kirwood Twp.
	Discussion

	Appendix - mortality survey of red pine plantations established since 1950 
	Portion of Kirkwood Management Unit

	References


