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BOTANY 
Hybrid between Tamarack and Japanese Larch Ap

pears Promising in South-central New Brunswick.-In 
1956, an attempt was made to hybridize native tamarack 
(Larix /aricina (Du Roi) K. Koch) with Japanese larch (L. 
/eplo/epis (Sieb. and Zucc.) Gord.) at the Acadia Forest 
Experiment Station in south-central New Brunswick. The 
cross tamarack Cj' X Japanese larch ?; was successful while 
the reciprocal cross faikd to yield viable seeds. The hybrid 
seeds were sown in beds at the Acadia Forest Experiment 
Station nursery in the spring of 1957, together with seeds 
resulting from controlled self-pollination of tamarack and 
Japanese larch, and seeds resulting from open-pollination of 
these two species and European larch (L. decidua Mil!.). 

FIGURE I. The trees shown here are the same age and have the 
same tamarack mother tree. The small, weak specimen 
in the foreground resulted from se!f-pollination; the 
vigorous tree in the background is the result of the 
interspecific cross, tamarack 'i! X Japanese larch o. 
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In 1959, the 2-year-old seedlings were transplanted along 
with small lots of 1 + 1 European larch, Polish larch (L. 
decidua var. p%nica (Racib.) Ostenf. and Syrach), and 
Kurile larch (L. gmellinii (Rupr.) Litvin. var. japonica (Reg.) 
Pilger) obtained from the Petawawa Forest Experiment Station, 
Ontario. Early in June 1960, all the larch material was 
planted in plots on a well-drained site at 10 X 10-ft spacing. 
Tamarack seedlings were planted in rows between the plots 
as controls. 

After seven growing seasons (from seed germination) the 
tamarack X Japanese larch hybrid had the greatest average 
height (Table 1). The seedlings resulting from self-pollination 
of tamarack were considerably smaller than the other larches 
(Fig. 1). In general, with the exception of the seedlings 
resulting from self-pollination of tamarack, all the larches 
attained greater average heights in 7 years than 10-year-old 
red spruce (Picea rubens Sarg.) and black spruce (P. mariana 
(Mill.) BSP.) growing on the same site 2.8 ft and 3.1 ft, 
respectively) . 

TABLE I 

Comparative heights of 7-year-old larch 

Av. 
Name Origin of seed No. height Height 

trees (ft) ratio· 
---------

I. Tamarack <;1 X Tree A X Tree B .. 4 7.4 1.8 
Japanese larch cl' 

2. Tamarack ... Open pollination of 
Tree A ................ ... SO S.O 1.2 

3. Japanese larch .. Open pollination of 
Tree B .................. 4 4.7 1.2 

4. Japanese larch .. Self-pollination of 
Tree B .................... 12 3.9 1.0 

S. Tamarack .. Self-pollination of 
Tree A .. 2 2.2 O.S 

Other Larches 

6. Polish larch .. Four known seed sources 
in Poland ..................... 25 S.S 1.3 

7. Kurile larch ... Southern Saghalin via 
plantation near 

4.8 1.0 Wakkanai. Japan ......... 9 
8. Japanese larch .... Open pollination of locally 

grown tree .............. , 33 4.S 1.0 
9. European larch .... Several seed sources 

represented ..... 110 4.3 1.0 

0Ratio: Average height of plot trees IAverage height of control trees. 

Rapid juvenile growth of planting stock is desirable 
because it reduces the maintenance required to control com
peting vegetation. Larix species have this attribute and this 
rapid growth is not confined to the juvenile stage. Tamarack 
growing on good sites in Maine may average 18 inches in 
diameter and 60 ft in height after 45 years (H. S. Betts. 
U. S. Dept. Agr., Forest Servo American Woods: Tamarack. 
1945) compared with balsam fir (A bies balsamea (L) Mill.) 
which averages less than 7 inches in diameter and only 52 ft 
in height afer 60 years (H. S. Betts. U. S. DePt. Agr., Forest 
Serv. American Woods: Balsam fir. 1945). In addition to 
rapid growth, Larix species have dense wood. Tamarack 
wood has an average specific gravity of 0.50 compared to 
0.35 for balsam and 0.40 for red spruce (Canadian Woods. 
2nd ed. Can. Dept. Resources and Development, Forestry 
Branch, Forest Products Division. 1951). 



At a time when the demands for lumber and pulp are 
increasing, the potential value of Larix species and hybrids 
should not be overlooked.-H. G. MacGillivray, Forest 
Research Laboratory, Fredericton, N.B. 

ENTOMOLOGY 
Notes on the Biology of Epinotia criddleana Kft.

Epinotia criddleana was described by Kearfott (Can. Ento
mologist 39: 58-59. 1907) as Proteopteryx criddleana from 
adult material collected at Aweme and Rounthwaite, Manitoba. 
Heinrich (Bull. U.S. Nat. Mus. 123: 1923) transferred it to 
the genus Epinotia and considered it to be a pale variety of 
Epinotia nisella Clerck, but it is now considered as a distinct 
species (MacKay 1964, personal communication). 

According to Forest Insect and Disease Survey records, 
E. criddleana is common in Ontario, Manitoba, Saskatchewan 
and Alberta. The principal host is Populus tremuloides Michx. 
but larvae occasionally feed on P. balsamifera L., Salix spp., 
and Quercus macrocarpa Michx. 

Late instar larvae of E. criddleana can be confused with 
those of Pseudexentera ore!?onana Wlshm. because both species 
feed on aspen and mature larvae are superficially similar. 
Larvae of P. ore!?onana which were misidentified as E. criddle
ana were described by MacKay (Mem. Ent. Soc. Can. 10, 
1959 and Can. Entomologist 94 : 626-643, 1962). On the basis 
of information and material provided by the author this 
error was detected and subsequently rectified by a redescription 
of E. criddleana (MacKay. Can. Entomologist 97: 666-668). 
The following notes will serve to further aid in distinguishing 
all stages of the two species. 

In the study area near Cochrane, Alberta, E. criddleana 
completes ·one generation per year, overwintering in the egg 
stage. Eggs are laid from the second week of August to mid
September with the peak occurring in late August. They are 
lIsually deposited in overlapping rows of six or seven eggs 
on a twig and contiguous with the base of a bud. Each egg 
is disc-shaped, about 0.74 mm in diameter. The exposed surface 
is convex,· rugose, and slightly flattened at the margin. Freshly 
deposited eggs appear orange but turn reddish-brown after 
about 7 days, blending with the colour of the' twig and bud. 

Hatching commences early in the spring before the buds 
flush. In 1964, hatching was complete by the third week of 
May. The young larvae bore through the inner bud scale 
and feed on the tissue of the developing twig causing stunting 
or destruction of the embryonic leaves. After the larvae reach 
the third stadium, they leave the initial buds and fasten the 
flat surfaces of two leaves together with silk, between which 
they skeletonize the inner surfaces. This feeding is evident 
as a pale green blotch which later turns brown. Larvae may 
construct more than one shelter prior to pupation. When 
feeding is completed in the fourth instar, most larvae become 
inactive pre-pupae for several hours before dropping to the 
ground. In the laboratory, the pupation period was completed 
in approximately 14 days. In the field, adults were observed 
in flight until mid-September. . 

The four larval instars may be distinguished by differences 
in coloration. First instar larvae (about 1.3 mm long) are 
translucent-yellow with black head capsules and greenish 
brown prothoracic and anal shields. Second-instar larvae (about 
4.0 mm. long) are similar except for paler body colour. 
Third-instar larvae (about 6.8 mm long) differ in that the 
body and anal shield are nearly white, the prothoracic shield 
is pale yellow with a brown posterior border. Fourth-instar 
larvae (about 12.5 mm long) are translucent dull White, 
becoming pale yellow and turning to opaque pale yellow when 
feeding has been completed. The head, instead of being black 
as in the previous instars, is yellow with dark brown ocellar 
and frontal area. The prothoracic and anal shields, spiracles 
and setal pinaculae are the same colour as the bodv. 

Fourth-instar larvae of E. criddleana may b~ readily 
distinguished from late-instar larvae of P. ore!?onana by dif-
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ferences in colour, setal pattern and feeding behaviour. On 
P. ore!?Onalla, the head capsule, setal bases and spiracles are 
brown; the prothoracic shield is of body colour with varying 
degrees of brown pigment on the lateral and posterior margins. 
On P. ore!?Ollalla setae Dl on the anal shield are longer than 
setae D2 where on E. criddleana setae Dl are shorter than 
setae D2. P. ore!?Ollatla late-instar larvae feed within a single 
rolled leaf as opposed to the double leaf shelter constructed 
by E. criddleana.-D. S. Kusch, Forest Research Laboratory, 
Calgary, Alta. 

Sex Attraction in Lodgepole Needle Miner.-The at
traction of male lodgepole needle miner moths (Coleotechnites 
starki) to females was assessed from a trap experiment carried 
out during the summer of 1966. Each trap consisted of 25 
females caged in a mesh covered cardboard container fastened 
to the centre of a 1 X 1 ft plywood board. The cardboard and 
the board were coated with 'Stick-urn'. It is uncertain whether 
all the females were virgin, as they were obtained from mass 
rearings. 

Forty trees were selected in an 80-year-old lodgepole pine 
stand, heavily infested with needle miner, and a trap attached 
in the upper or middle crown of each. Twenty traps with 
caged females and 20 similar traps without caged females 
were randomly allocated among the 40 selected trees; aspect 
was also randomized. The experiment began July 22 and 
continued until August 5, when all moths caught were removed 
and sexed. At the end of this period some of the caged 
females were still alive. 

The traps with caged moths caught 971 males and 67 
females while the control traps caught 157 males and 50 
females. There was no significant difference in the number of 
females caught but there was a highly significant difference 
in the male to female ratio between traps with and without 
caged females. The difference in the number of males to 
females in the control traps can probably be attributed to a 
difference in flight behaviour between sexes. It was observed 
that moths landing on the vertical sticky surfaces often 
tumbled down the board and escaped. The traps would probably 
have been more successful if orientated horizontally with the 
sticky side up. This evidence, that the female produces a sex 
attractant, could provide the basis for detection techniques or 
adult activity indices.-P. I. Van Eck, Forest Research 
Laboratory, Calgary, Alta. 

The leaf roller Pseutlexentera oregonana Wlshm.
This leaf roller is active on trembling aspen (Populus tremu
loides Michx.) early in the spring in western Canada. It has 
often been listed in the Annual Report of the Forest Insect 
and Disease Survey as causing serious defoliation from 
western Manitoba to the interior of British Columbia. 

The insect was first described by Walsingham (lllus. 
Lepid. Heter. Brit. Mus. 4:62) in 1879 as Semasia ? oregonana. 
Heinrich (U.S. Nat. Mus. Bull. 123. 1923) placed this species 
in the genus Exentera Grote in the revision of the North 
American moths of the tribe Euocosmini of the subfamily 
Olethreutinae, and suggested that in all probability ore!?onalla 
was a colour variety of improballa. Several years later Heinrich 
(Can. Entomologist 72:243. 1940) noted that Exentera was 
a synonym of Eucosma Hubner and proposed the genus 
Pseudexentera for the species formerly placed in Exentera in 
1923. On the basis of the female genitalia, McDunnough (Can. 
Entomologist 72:243-244. 1940) suggested that oregonana is 
not a race of improbana but a valid species. Most of the 
literature still referred to is at P. improbana oregonalla until 
a comparison with the type in the British Museum (Natural 
History) by P. E. S. Whalley in 1965 confirmed McDunnough's 
opinion that it is a valid species (MacKay. Can. Entomologist 
97:666-668. 1965). 

Adults of Pseudexentera ore!?onana have been collected 
in southern Manitoba in late March and early April, and the 
larvae from new foliage only. which occurs in the southern 
areas from mid-April to mid-May. This suggests that the 



larvae are probably present before the leaves unfurl. When 
feeding is completed around late May to the third week in 
June, the larvae construct silken cases in the soil. Pupation 
takes place in late July or early August, and the adult emerges 
early the following spring. 

Larval parasites recovered from rearings in the Winnipeg 
Laboratory and identified at the Entomology Research Institute, 
Ottawa, are as follows-Ichneumonidae: Campoplex validus 
(Cr.); Campoplex sp.; Exochus sp. near peroniae T. & T.; 
Glyp/a sp.; Horogenes sp. Braconidde: Macrocentrus iridescens 
French. Encyrtidae: Parasilophrys gelechiae How. Tachinidae: 
Cyzenis sp. poss jes/inans (Ald.); Cyzenis sp., Eulasiona 
coms/ocki Tsnd. 

The only predator that has been observed feeding on the 
larvae is the stink bug, Podisus modes/us Dall. Fungi in the 
genera, Fusarium and Aspergillus, have been found in dea~ 
unparasitized larvae, but it is not known whether these fungi 
are parasites or saprophyts. 

Observations indicate that the large tortrix and the forest 
tent caterpillar are more serious defoliators than the leaf 
roller, P. oregon ana. In outbreak areas, populations of the 
leaf roller are greatly reduced through defoliation of the host 
trees by the large aspen tortrix but not appreciably reduced 
through that by the forest tent caterpillar. The latter over
winters in the egg stage and the larvae become active early 
in the season, as do those of the leaf roller, but they do not 
mature as quickly and therefore do not remove all of the 
foliage before the leaf roller larvae mature. The large aspen 
tortrix, however, overwinters in the second instar larval stage 
and therefore commences feeding early in the spring and 
destroys most of the foliage before the leaf roller larvae can 
complete their development. This probably accounts for the 
reduction of the leaf roller populations that occurred most 
notably during outbreaks of the large aspen tortrix in northern 
Manitoba and Saskatchewan in the 1950's.-H. R. Wong and 
J. C. E. Melvin, Forest Research Laboratory, Winnipeg, Man. 

PATHOLOGY 
Occurrence of Cylindrocladium 8coparium Morg. in 

Quebec Forest Nurseries.-Cylindrocladium scoparium Morg. 
(Fungi Imperfecti, Moniliaceae) is a well-known pathogen of 
forest nursery seedlings. The fungus has been reported from 
many areas of the world where it causes damping-off, root 
rot, and foliage blight of seedlings. In the fall of 1965, the 
fungus was isolated from soil at the Quebec Provincial nursery 
at Berthierville (Sutherland, J .R., and R. Keable, Can. Dept. 
Forestry, Entomol. and Pathol. Branch, Bi-Mon. Prog. Rept. 
22 (1): 2. 1966). This finding suggested that C. scopar/um 
might be responsible, at least in part, for some of the damping
off and root rot problems at Berthierville and other nurseries 
in Quebec. The purpose of the present study was to determine, 
in a qualitative way, the presence and distribution of the 
fungus in several Quebec forest nurseries. 

Soil samples were collected during August, September, 
and October 1966. The nurseries, the counties in which they 
are located (given in parentheses and an asterisk denotes a 
Provincial Government nursery), and the number of soil 
samples collected from each were: Berthierville* (Berthier), 
50; Compton* (Compton), 12; Drummondville (Drummond), 
12; Duchesnay* (Portneuf), 10; East Angus (Compton), 10; 
Laterriere* (Chicoutimi), 10; Modern Paving at N.D. du Bon 
Conseil (Drummond), 5; New Carlisle* (Bonaventure), 30; 
Normandin" (Roberval), 25; Grande Piles* (Laviolette), 50; 
Saybec" (Matapedia), 5; Ste-Luce* (Rimouski), 10; St
Modeste* (Riviche-du-Loup), 15; Trecesson* at La Ferme 
(Abitibi-Est), 25; and Valcartier (Quebec), 15. The number 
of samples collected depended upon the size of the nursery 
and the relative abundance of damping-off and root rot damage. 
The nurseries sampled are representative of the majority 
of the nurseries in the Province which have a wide variety of 
climatic, soil, and biotic environments. 

4 

Each sample consisted of several soil cores, taken to a 
depth of 8 inches, from around the root zone of seedbed and 
transplant seedlings where damping-off had killed plants, or 
where root rot symptoms were present. The samples, of about 
1 lb. size, were placed in polyethylene bags, sealed, and 
brought to the laboratory. The soil was passed through a 
!-inch mesh screen to remove rocks and organic debris. 

Two methods were used to determine the presence of 
C. scoparillm. The first was the apple technique (Campbell, 
W. A. Plant Disease Reptr. 33: 134-135. 1949). One apple 
was inoculated, in two places, with a portion of soil from 
one sample. The inoculated apples were incubated at room 
temperature for 10 to 14 days. Ten pieces of tissue were 
taken from the margin of the rotted area beneath the skin 
of each apple and placed on 10:2 glucose-yeast extract agar 
in petri dishes. The plates were incubated at room temperature 
to determine the presence of the fungus. The second method 
was a modification of the alfalfa trapping technique (Bugbee, 
W. M., and Anderson, N. A. Phytopathology 53: 1267-1271. 
1963). Each soil sample was placed in a polyethylene bag 
on a greenhouse bench. The edges of the bag were rolled 
down so that the soil was held in an open container. The 
soil was brought to field capacity with distilled water, and 
19 alfalfa seeds (var. DuPuis) were sown in each soil sample. 
Greenhouse temperatures were kept at 20 to 25°C, and 
distilled water was added to the samples as needed. When the 
alfalfa seeds started to germinate, the edges of the bags were 
rolled up and the tops closed. This arrangement provided a 
high humidity which was ideal for damping-off of the alfalfa. 
All the seedlings which damped-off were removed with flame
sterilized forceps and placed in petri dishes with a small 
amount of sterile, distilled water. One or two healthy seedlings 
were also placed with their damped-off counterparts to provide 
additional substrate for growth and sporulation of the fungus. 
After 7 to 10 days incubation the seedlings were examined, 
using a stereomicroscope, for the characteristic conidiophores 
and spores of C. scoparium. In all cases where the fungus was 
present, its identity was confirmed by transferring a few 
spores to glucose-yeast extract agar and observing the char
acteristic microsclerotia beneath the developing fungus colony. 

Cylindrocladium scoparium was found in 17 of the 284 
soil samples assayed. All the positive isolations of C. scoparium 
were obtained with the alfalfa trapping technique. Thus it 
would seem that this technique is better than the apple 
technique for assaying soils for the fungus. Table 1 shows the 
nurseries where the fungus was found and the tree species 
with which it was associated. 

TABLE 1 

Occurrence of C. scoparium in Quebec Forest Nurseries 

Tree Species 

Pinus Pinus 
Nursery re~inosa mugo 

T.· S.·· T. 
------

Berthierville .. 9 t t 

Grandes Piles ........ 0 0 0 

Normandin .... 0 0 0 

·T.= Transplant seedling, age > 2 years. 
··S.= Seedbed seedlings, age < 2 years. 

Pices 
glauca 

T. S. 
------

t 0 

0 t 

2 0 

Picea 
rubens 

T. 
---

t 

1 

0 

The rather high rate of occurrence of C. scoparium at Berthier
ville is interesting because it could indicate that the fungus 
is responsible for some of the seedling losses at that nursery. 
More precise studies need to be made before this can be 
determined with certainty. Another interesting point is that 
C. scoparium is present in the two main nurseries (Berthier-



ville and Grandes Piles) which produce seedlings for trans
planting in other Provincial nurseries and for reforestation in 
Quebec. Quite likely the fungus was introduced into the 
Normandin nursery on seedlings from either Berthierville or 
Grandes Piles. However, no explanation can be given as to 
why the fungus is not present in the other Provincial nurseries 
all of which receive transplants from the two main nurseries.
J. R. Sutherland, Forest Research Laboratory, Quebec, P.Q. 

Resistance of Jack Pine to Scleroderris lagerbergii 
Gremmen.-Scleroderris lagerbergii Gremmen (= Crumenula 
abietina Lagerbert), a fungus causing Scleroderris canker, has 
been identified as the cause of widespread mortality in young 
red, jack, and white pine plantations in northern Ontario (Dept. 
of Forestry of Canada, Ontario Region Insect and Disease 
Conditions May-June 1966) and in red and jack pine planta
tions in Upper Michigan and northern Wisconsin (U.S. Forest 
Servo Res. Pap. NC 3, 1966). In Upper Michigan and 
northern Wisconsin, the fungus was found in 66% of the 
red pine plantations and 86% of the jack pine plantations, 
causing mortalities of 40 and 39% respectively. 

In its fifth year, a plantation at Longlac, Ontario, estab
lished for the study of variations within and among provenances 
of jack pine across its geographic range, 99% of the trees 
showed disease symptoms; S. lagerbergii was identified as the 
causal agent. This report discusses the possibility that among 
the healthy trees were three provenances having a degree of 
resistance to the pathogen. 

The plantation contained 92 provenances collected from 
Maine to the Northwest Territories. Each provenance was 
represented by 100 trees distributed in 10-tree plots across 10 
randomized blocks. Each plot was 10ft lon,g and one foot 
wide. The experimental area was 92 X 100 ft. Seeding was 
done in 1962 and empty spots replanted with one-year old 
seedlings in 1963. 

A count on July 25 1966, indicated that a total of 90 
of the original 9200 trees displayed no disease symptoms. 
After 1 month these 90 trees were re-examined and all remained 
healthy. Statistical tests were performed to test the hypothesis 
that these were randomly distributed throughout the 92 
provenances, using the expansion of the binomial (a+b)1/JO 

9200- 90 
(a = probability of disease, ----

9200 
90 

b = probability of escape -- = 0.01) 
9200 

0.99, 

to provide the expectation of how many provenances would 
have zero trees healthy, how many would have one tree 
healthy, etc. Small plot size and low percentages of healthy 
plants prohibited statistical treatment of provenance data by 
blocks. 

From Table 1 it is apparent that no provenances would 
be expected to have more than four healthy trees, if the 
healthy trees were randomly distributed among the provenances. 
The probability of a provenance having more than five healthy 
trees is negligible. From the evidence in Table 1, it is virtually 
certain that several provenances had more healthy trees than 
one might expect by chance. 

In addition to the provenance effect there was also a block 
effect caused, perhaps, by a 10-ft high, north-south she Iter belt 
of red pine on the east side of the experiment in front of 
one block. The percentage of healthy trees within the 
resistant provenances decreased with increasin,g distance from 
the shelterbelt. In the last three blocks only two trees remained 
healthy against an expectation of 28 on a random chance 
basis. This block effect does not bias the provenance com
parisons because all provenances were the same distance from 
the shelterbelt. It does indicate that if there is resistance it 
may only be functional in sheltered areas. 
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TABLE 1 

Probabilities of trees escaping infection, assuming that healthy trees are randomly 
distributed throughout the provenances (following the binomial 

distribution) 

No. of Expected No. Actual No. 
healthy trees Probability of provenances of provenances 

0 1.000 92.0 92 
I 0.626 57.6 31 
2 0.256 23.6 21 
3 0.075 6.9 \3 
4 0.0\7 1.6 7 
5 0.003 0.3 3 
6 0.000 0.0 3 
7 0.000 0.0 2 
8 0.000 0.0 2 
9 0.000 0.0 2 

10 0.000 0.0 1 
11 0.000 0.0 1 
12 0.000 0.0 I 
\3 0.000 0.0 1 
14 0.000 0.0 1 

Those provenances having more healthy trees than one 
might expect by chance are listed in Table 2. Among them 
are two provenances, Nipisquit River, N.B., and Baskatong 
Lake, P.Q., which were superior ingrowth rate to the local, 
for the first 4 years. These both grew 7% faster than Caramat 
(local) and had 4% healthy trees compared with 0% for 
Caramat. The three provenances with the highest percentage 
of healthy trees lie in a straight line near 50 0 N latitude from 
the Gulf of St. Lawrence to central Quebec. There were very 
few healthy trees in provenances west of Terrace Bay, Ont., 
or north of 50 0 N latitude. 

TABLE 2 

Provenances having 4 or more percent escapes from infection by 
Scleroderris lagerbergii 

Provenance 

Nipisquit River, N.B ..... . 
Baskatong Lake. P.Q ........ . 
Kanaupscow Lake, P.Q ... 
Terrace Bay. Ont .................... .. 
Lac Sault-au-Cochon, P.Q .. .. 
Mistassini Post. P.Q ............. . 
Little Calumet River. P.Q .. . 

% healthy 
trees 

4 
4 
4 
4 
6 
9 

14 

Probability 
of chance 

occurrence· 

.017 

.017 

.017 

.017 

.000 

.000 

.000 

·Probability of occurrence of as many or more healthy trees as that observed, 
with the assumption that healthy trees are distributed randomlY throughout the 
provenances, following the binomial distribution. 

Two items of evidence support the theory that disease 
escape was due to resistance associated with provenance: 
the non-random distribution of disease amon,g provenances 
and the non-random geographic origins of the postulated 
resistant provenances. Further research is necessary to test 
th:s theory. If it is confirmed then production of jack pine 
resistant to S. iaf?erbergii should be possible through selection 
and propagation.-A. H. Teich, Petawawa Forest Experiment 
Station, Chalk River. Onto 

SILVICULTURE 

Crown Width/Diameter Relationship of Open-Growing 
Jack Pine on Four Site Types in Manitoba.-During the 
past decade, several investigations have been made in North 
America on the development of the tree crown in relation to 
stem diameter and the density of the surrounding stand (Smith, 
Comm. Forestry Rev. 42. 1963; Vezina, Forestry Chron. 38. 
1962, and Forestry Chron. 39. 1963). The results of these 
studies have helped forest managers to decide on spacing dis
tance in plantations, to plan intermediate and harvest cuttings, 
and to forecast yield in forest stands. So far, none of the 
studies has provided quantitative evidence on the effect of site 



on the crown width (CW)/diameter (DBH) relationship of 
open-grown trees. This paper compares relationships of CW 1-
DBH on four of the most common site types in southeastern 
Manitoba (dry nutritionally poor "d"; fresh nutritionally poor 
"of"; fresh nutritionally intermediate "mr' and a drier subtype 
"mf-") as described by Mueller-Dombois (Can. J. Botany 42. 
1964), and presents a comparison of these data with similar 
results obtained for jack pine in Quebec. 

Some 150 open-growing jack pine trees of various ages, 
with good form, with no evidence of disease, and little, if any, 
insect damage, were selected from the four site types. Data 
collected included diameter outside bark at breast height; 
(DBH), bark thickness, radial growth and age at breast height, 
as well as live crown width (average of the greatest and smal
lest crown-width projection). Individual regressions of crown 
width (CW) on DBH were fitted to each site type and convari
ance analysis was used to compare these relationships. 

The relationship between CW and DBH is similar on the 
four sites. Minor differences in the position of the curves 
could not be associated with corresponding changes (in
crease or decrease) in site quality. Regression coefficients (a 
and b) and correlation coefficients (r) are shown in Table I. 
The strength of the association between variables is highly 
significant, with DBH accounting for about l-l0% of all varia
tion of CWo 

TABLE 1 

CW JDBH regression statistics for open-grown jack pine in southeastern Manitoba 
and in Quebec 

Regression 
Site Coefficients Standard Correla- Range Sample 

Type Error tion in DBH Size 
a b of Regn. Coelf. r 

d ................ 2.13 1.80 1.99 0.90 3-12 44 
mf-..... 1.83 1.84 2.16 0.88 3-12 46 
of. ........ 4.21 1.59 2.44 0.90 3-15 38 
mf.. 3.13 1.68 2.17 0.90 4-13 20 

Common 
Manitoba .... 2.77 I. 73 2.17 0.90 3-15 148 
Quebec ... I. 76 2.04 0.96 1-11 84 

The F-ratio, obtained by the con variance analysis, was 
found to be non-significant, indicating that the CW IDBH rela
tionship is essentially the same on these four sites. Therefore, a 
common curve may be considered to describe the CW/DBH 
relationship. A similar comparison of these data with results 
obtained by Vezina in Quebec (Forestry Chron. 39. 1963) 
showed a highly significant difference. 

These results indicate that the CW I DBH relationship of 
open-grown jack pine may be constant within a given area for 
a range of site conditions. Significant difference between the 
relationships in Manitoba and Quebec suggests that factors 
other than site, e.g., genetic and/or climatic, have important 
influence. 

It is anticipated that these CW I DBH relationships will be 
used in the near future in the development of hypothetic stand 
models for jack pine. The models will be employed to forecast 
growth and yield of jack pine for given management objectives. 
-I. E. Bella, Forest Research Laboratory, Winnipeg, Man. 

Germination and Early Survival of Jack Pine on Three 
Sites in Southeastern Manitoba.-In 1963, a study was 
begun about 60 miles east of Winnipeg on the Sandilands 
Forest Reserve to compare jack pine (Pill us ballksialla Lamb.) 
germination and early survival for three sowing dates on three 
sites. The sowing dates were October 18, 1963, April 16, 1964 
(50% of ground snow-covered), and April 27, 1964; the 
sites were dry, fresh and moist sands (Mueller-Dombois, Can. 
J. Botany. 42. 1964). The experiment was established in a 
split-plot design, with 1!8-milacre plots broadcast-sown with 
50 Arasan- and Endrin-treated seeds, having a viability of 
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96% in the fall of 1963. There were 20 replicates for each 
combination of seeding date and site. Plots were examined at 
1- to 2-week intervals during the summer of 1964, in May 
1965, and September 1966. The study was established in a 
cut- and burned-over area that originally supported mature 
jack pine; in 1963 site preparation had been carried out with 
a D-4 class tractor equipped with a V-shaped blade. In the 
preparation of 5-ft-wide furrows, all duff and about 4 inches 
of mineral soil were removed. 

The effect of both site and sowing date on germination 
was found to be highly significant (I % level). Over-all ger
mination averaged 18%, being 39% on the moist site, 6% 
on the fresh site, and 8% on the dry site. Mean germination 
on the moist site was significantly higher than on either the 
fresh or the dry site. The difference between mean germination 
on the fresh and the dry site was not significant. Best germina
tion resulted from fall sowing (21 % ); it was intermediate from 
spring sowing on snow (17 %) and lowest from spring sowing 
after the snow had melted (14 % ). Mean germination on plots 
sown in the fall was significantly better than that on plots 
sown in the spring after the snow had melted. Significant dif
ferences were not demonstrated between fall-sown plots and 
plots spring-sown on snow or between the latter and plots that 
were sown after the snow had melted. 

Of all germination, 47% took place before May 29, and 
23% between June 10 and 26; the remainder occurred sporadi
cally throughout the summer. May germination resulted from 
favourable soil-moisture conditions that were a consequence of 
nearly 2.5 inches of rain between late April and May 18. 
Drought conditions between May 19 and June 5 (0.10 inch 
of rain) inhibited germination in early June, but 3 inches of 
rain between June 6 and 13 resulted in high germination during 
the period June 10 to 26. Peak germination on fresh and moist 
sites occurred prior to May 29. During this period, 63 and 
48% respectively of the germination occurred on the two sites. 
Nearly 50% of the germination on the dry site occurred 
between June 10 and June 26. 

Forty-one per cent of the germinants died before Septem
ber 1966; mortality averaged 38% on the moist site, 56% 
on the fresh site and 47% on the dry site. Most mortality on 
the dry and the fresh site occurred during the first summer 
and was attributed primarily to heat and drought. On the moist 
site mortality was attributed mainly to spring flooding and, 
after the first season, to vegetative competition. Early mor
tality due to spring flooding and vegetative competition on 
the moist site was more prolonged than that attributed to 
heat and drought effects on the fresh and the dry site (Fig. I). 
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FIGURE 1. Number of living jack pine by site-spring, 1964 to 
fall, 1966. 



The average number of seedlings per plot in September 
1966 is summarized in Table 1. The effects of both site and 
sowing date were found to be highly significant (1 % level). 
The number of seedlings was significantly greater on the moist 
site than on either the fresh or the dry site; the difference 
between these last two was not significant. On the moist site 
4 seeds were required to produce a 3-year seedling, on the dry 
site 24 seeds, and on the fresh site 38 seeds. Fall sowing 
proved significantly better than spring sowing whether before 
or after the snow had melted; there was no significant differ
ence between the two spring sowings. Although differences 
among interaction means were not tested for significance, it 
appears that the benefits of fall sowing are to be obtained on 
dry and fresh sites. The time of sowing made little difference 
on the moist site. 

TABLE I 

Average number of surviving seedlings per 100 seed sown, by sowing date and site, 
September 1966 

Plots 
having 

Sowing date at least 

Site 
I seedling 

October April 16, April 27, (%) 
10,1963 1964 1964 Average 

Dry ..... 7.7 2.5 2.3 4.2 67 
Fresh ....... 5.2 1.8 0.7 2.6 47 
Moist... 25.3 25.0 22.2 24.2 95 

Average ... 12.7 I 9.8 8.4 10.3 

Plots having at least 
I seedling (%). 88 I 63 57 

In previous work, Cayford (Dept. Northern Affairs and 
National Resources, Forestry Br., Tech. Note 79. 1959. Dept. 
Forestry, Tech. Note 106. 1961) reported that direct seeding 
with jack pine is a suitable technique for restocking open areas 
in southeastern Manitoba. The present study has provided some 
additional insight into the effects of both sowing date and site 
and has clearly demonstrated the importance of each to ger
mination and early survival. 

The 1964 growing season was characterized by somewhat 
above-normal precipitation and several short hot and dry 
periods. Thus, the results are similar to those that could be 
expected during years of favourable growing conditions. 

Results suggest that germination should not normally be 
a problem on moist sands, but do indicate that it might be 
unsatisfactory on dry and fresh sands in years of normal or 
below-normal precipitation. Improved germination on the latter 
sites might result from a sowing technique that buried seed 
(Horton and Wang, unpublished data). Results also suggest 
that autumn sowing might be preferable on dry and fresh sites. 
This is in contrast to findings in Ontario which indicated no 
difference between autumn and spring sowing (Horton and 
McCormack, Dept. Forestry, Tech. Note 100. 1961). Observa
tions indicate that autumn-sown seeds had become embedded 
in the sand and were probably in a favourable position to 
absorb soil moisture.-l. H. Cayford, Directorate of Program 
Coordination, Ottawa, Ont., and R. C. Dobbs, Manitoba
Saskatchewan Region, Winnipeg, Man. 

Epicormic Branching in Pruned White Spruce.-Epi
carmic branches (epi.:ormi.:s) are shoots Lhal origiudte trom 
dormant or .adventitious buds on the tree bole. They occur 
commonly on many hardwoods but are common on relatively 
few conifers including Abies spp. (Cosens, R. D., J. Forestry 
50: 939-940, 1952) and Picea spp. (Herman, F. R., U.S. For
est Serv., Res. Pap. PNW-18, 1964). Epicormics tend to 
develop when exposure of the bole is suddenly increased, as 
by thinning or green pruning, and may be a response to the 
altered physiological balance occasioned by these treatments 
(Kramer, P. 1. and T. T. Kozlowski, Physiology of Trees, 
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McGraw-Hill, New York, 1960. p. 387). Epicormics present 
a problem to conifer management only where the objective is 
production of knot-free lumber or veneer. 

Because white spruce (Picea Rlauca (Moench) Voss) has 
been used primarily for the production of common lumber 
grades, the growing of relatively knot-free trees has been of 
minor importance. However, it has been shown that prunin~ 
this species would be profitable under favourable market condi
tions (Berry, A. B., Forestry Chron. 40: 122-128, 1964), and 
in the future greater emphasis will likely be placed on manag
ing white spruce for clear lumber production. Under these 
circumstances it becomes important to know the extent to 
which epicormic branching is associated with pruning and 
thinning. 

The fact that epicormics might be a factor in the future 
management of white spruce for clear lumber production 
became evident at the Petawawa Forest Experiment Station 
when they were observed developing in a 25-year-old planta
tion after crown thinning and pruning in 1962. The experiment 
was designed to determine the optimum basal area to be main
tained for the production of sawlogs. Thinning was carried out 
in three areas to reduce the basal area of the stand to different 
levels which would be maintained by further thinnings at 10-
year intervals. A fourth area was selected as a control. In each 
of the four areas, 150 crop trees per acre were pruned to a 
height of 17 ft. Most branches pruned were dead, but the 
operation removed an average of 13 % of the live crown 
length. All other trees in the four areas were pruned to head
height. Pruning was carried out in late summer 1962 and 
thinning during the following winter. 

In 1965, a study of the formation of epicormics subse
quent to treatment was carried out on eight permanent sample 
plots, two in each of the four areas. Epicormics were found 
on crop trees on all plots, and their production was clearly 
correlated with intensity of treatment. Heavier thinning not 
only resulted in more crop trees producing epicormics, but in 
more of these sprouts per tree. In consequence, the most 
heavily treated plots produced nearly 15 times as many epi
cormics per acre as the controls (Table 1). Relatively few 
sprouts were observed on non-crop trees, i.e., trees from which 
only dead branches had been removed. The data indicate that 
a combination of pruning live branches and thinning are 
necessary to the formation of appreciable numbers of epi
cormics in these stands. 

TABLE I 

Epicormic branching on crop trees as related ·to residual basal area per acre. 

Residual Trees with 
Epicormics 

per crop Epicormics 
basal area epicormics tree bearing per acre 

epicormics 
------

(sq ft lac) (per cent) (number) (number) 

162 (control) .... 8 3.2 40 
140 ....... 25 4.2 157 
110 ..... 50 5.4 405 
80 55 7.1 587 

The epicormics ranged to :l: inch in diameter. Those on 
crop trees were removed at an average rate of about 1.5 
minutes per tree (including walking time), compared to the 
initial time of 15 to 20 minutes per tree to prune to 17 ft. 

Although the extent to which sprouting will occur in the 
future is unknown, the formation of epicormics may be a 
crucial factor in the management of white spruce for high 
grade lumber. If epicormics are allowed to remain the objective 
of the original pruning would be defeated, yet the cost of 
repeated removal could eventually offset any increase in value 
associated with the clear wood produced.-A. B. Berry and 
M. R. Innes, Petawawa Forest Experiment Station, Chalk 
River, Onto 
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