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TREE IMPROVEMENT PROGRAM IN
THE MANITOBA-SASKATCHEWAN REE ION

F.B. Armitage
Foneet Reeeaneh Labonatong, itinnipeg, Manitoba

Tree improvemenL work in the Manitoba-Saskatchewan
reglonal- laboratory began when the first scientist was appoint-
ed for the purpose in L964. By L967 two additional professional
personnel had joined the staff. A plant physiologist is expect-
ed to Join the group in mid-summer 1968.

Proposals recently made for the development of a re-
gional program were influenced by many factors, the most lmport-
ant of which were recognition of needs for genetically J.mproved
materials in the agricultural as well as the forested zones of
the region, the diversity and harshness of the silvicultural
envlronment and the paucity of native species or suitabLy adapt-
ed exotics. Wherever possible genetics research and breeding
will be conducted simultaneously in broadly based projects.
Simple breeding methods that fully exploit native specl-es will
be favored and progeny testing will receive due emphasl-s.

The program has six specific objectJ-vesl
I. By applying selective breeding methods, improve

indigenous species in relation to requirements of the
region.

2. Sustain and increase the effectiveness of (1) by study-
ing genetic variation, correlation and inheritance of
traits.

3. Augment the native species by introducitg r testing and
breeding exotics.

4. Diversify available types through hybridization.
5. Contribute to knowledge of forest genetics and breed-

ing and of the characteristics of the species in use.
5. Disseminate information among resource managers.

Priorities have been assigned and an assessment has
been made of the facilities necessary to implement them. Studies
in progress include breeding and geographic variation of jack
pine; variatlon and inheritance patterns in native poplareT
testing of poplars introduced as seed from Europe; screening
trLals of poplar clones in current use; hybridization and selec-
tion among adapted poplars and spruces and interim measures to
improve seed sourcel of native species used in reforestation.



Land for a nursery and tree bank has been acquired
near Winnipeg. The flrst of a number of field experiment eitee
that will be requlred throughout the reglon has been obtained.
Further Lncrease J-n professional strength is not antlcipated
untll these and other facillties requlred by exlstlng staff
have been adequately developed.



QUALITY WOOD PROGRAM

A.J. Carmichael
Sauthern Reeeanoh Station, trLaple, }ntario

Forest industries prefer certain wood specLes. We

ehould understand, therefore, the specific physical and chetni-
cal wood characteristics which provide the baeie for thie pre-
ference. The purpose of the studies on wood quallty ls to
define those characteristics which contribute to Fuperior qual-
ity in end-use products and to relate these characterlgtics to
heritable and environmental factors.

In 1963, the Advisory Committee for the Wood Quallty
program accepted black spruce lPieea mariana (MilI. ) BSP. I as
the most significant species for study, wlth primary concern to
be given to the black spruce-newsprint relationship. The pro-
ducLion ln the laboratory of mechanical pulp (70t 80t of the
pulp furnish for newsprint must be mechanical pulp) has been
impossible previously because of the absence of suitabllt de-
signed equipment. This deficiency lttas remedied, and diec
refinere have been installed to defibrate wood chips.

CHEMICAL PULPING

Wood Density

The determination of mean basic density and comprea-
sj-on wood per eent has been calculated for the complete bole of
mature black spruce trees. Measurements are completed for a
120 tree sample from six site classes, in which one disc was
collected at each 10t height level. Preliminary assessment in-
dicates a range and distribution of these features slmilar to
preliminary tests with Challies Township material (Table It
Fig. 1), Using the L20 tree sample, Dr. Raymond has developed
a computerized plot for the stem analysis of each tree and a
record of decadal changes in total stem volume.

The prediction of basic density of the tree stem from
core samples iL Ueing tested for the 120 tree sample. Prelimi-
nary statistical analysis indicates a linear relationship for
trees from either lowland or upland sites.

Comptession Wood

Wood density and compression wood estimates for 68
core samples were verified by chemical pulping (Brajsa and

3
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and Thomas 1966). Earlier trials by Thomas (1954) had charted
pulp yield for wood of known density and compression wood con-
tent, and these were used to eompare estimates and actual puIP
yield for core samples.

In this test, the average compression wood content
within 1l trees from a good lowland site was found to be 13.9t
by volume, with individual trees ranging from 5.3t xo 26.lt.
Patterns of variation within trees were found to vary, but
there was some indication of high compression wood contentg at
the base of trees and in thej-r upper crowns.

Complementary studies (Ladetl et aL. L967 ) of the
effect of varying amounts of compression wood on (chemical)
pulp yield and paper strength showed that, if a value of 158
was taken to represent the normal amount of coinpression wood ln
stands, the loss in putp yield might be as high as I ton per
acre. The effect of compression wood in this amount on paper
strength, however, would probably be insignificant.

Previous analyses had shown that there was a highly
significant negative correlation between (chemical) pulp yield
and compression wood content, with per cent compreasion wood
accounting for 55.3? of the variability in pulp yield. Such a
correlation could arise through an underlying positive associa-
tion between compression wood and its lignin content. This
possibly misleading effect was taken into aecount by introduc-
ing lignin content into the regression as a concomitant vari-
able. The result was to increase the proportion of the vari-
ability in pulp yield accounted for to 73.72, while still in-
dicating a very strong negative correlation between yield and
compression wood.

Unexpectedly, specific Aravity was not found to be
as useful as compression wood per cent as an indicator of pulp
yield. However, the subjective nature of compression wood
estimates indicates the need for a better means to evaluate
this factor in core samples.

Toronto,
by means

literature review is planned with the University of
assess the methods available for scanning wood cores
X-rays, radio frequency waves, and other forms of

A
to
of

radiation, to obtain a charted record of variations in cell sub-
stance along a radial traverse.

Rate of Growth

The effect of rate of growth on pulp
properties is being assessed as part of a study
mature trees from Parnell Township, Ont. Four
lected to include slow and rapid growth rates,

yield and paper
involving four

trees were s€-
and subsamples



urere excised from discs at the 252 height level to include
groups of 25 growth rings. Subsequentlyr Elrl additional 14 trees
in the parnell group will be analysed with subsamples taken from
four height levels.

In the lr5 tree samples described in Table 1, there
$tas a trend on all sites toward higher basic density and com-
pression wood per cent when the number of rings per centimeter
increased. Multivariate analyses have yet to be made to illus-
trate this relationship. However, it woUld appear that on
wetter sites there is reduced growth rate and an increase i"n
basic density and compression wood per cent-

Lignin and Extractive themicals
A study of the extractive chemicals of black spruce

was undertaken initiatfy to determine the extent' to which the
presence of extractives could affect the accuracy of epecific
gravity determinations (LadeIl 1967). The scope _of the work
has been broadened to include the distribution of total extrae-
tive content (as against the alcohol,/benzine solubles only) and
to work on the interrelations between extractive content and
such factors as growth rate and the distribution of resin ducts
and the effect of seasoninq on extractive content.

During the year, variations in total extractive con-
tent of black spruce were investigated at the 252 level in four
trees. Overall averages for trees weighted for wood volume
ranged from 2.52 to 4.6* with an average of 3.6t. These results,
In combination with those obtained earlier and evidence from the
literature, suggest that the gradient from the pith may be a
very steep one.

THE ASSESSI\,IENT Oq PLUS TREE SELECTIONS

Wood Samples

The power coring tool for collection of 18 mm coreEt
has been fitted with a more powerful motor and will be operable
this year. It will be used to obtain core samples from al-l. the
black spruce plus trees in Ontario, and for stands representa-
tive of the major commercial black spruce site classes.

Basic density measurements have been completed for
samples from four height levels in nine white spruce removed
in lleaning of the Pagwa seed production area. The baslc den-
sity weighted by bole volume for six selected plus trees aver-
agea 0.345 and ranged from 0.328 to 0.385' compared with three
control trees on the same site which had an average value of
0.344 and ranged from 0.333 to 0.354.



Although these trees represent the fastest natural
growth for spruce in Ontario, they do not appear to have exceE-
slvely low wood density. Pulping and paper tests for these
samples are continuing. Individual measurements of tree size
are not available for these specimens. However, when measured
in 1960, two of the select trees, adjacent to the group sampled
for density measurements, had the following dimensionsr

# 389 was 118 feet high and 23.5 inches dbh at a
breast-height age of Ll2 years i
# 396 was 107 feet hiqh and 20.2 inches dbh at a
breast-height age of iIO years.

The modification of laboratory procedures for the pro-
ceesing of larger numbers of wood samples is being planned wtth
the Ontario Research Foundation. This would enable general
testing of core or disc specimens from selected and comparison
trees obtained by the Timber Branch, Ontario Department of Lande
and Forests, in their Tree Improvement Program.

Needle Frequency in Black Spruce

One hundred black spruee hrere randomly selected from
a 16 year qld plantation on Spruce Falls Power and Paper Co.
limits at Moonbeam, Ontario. Needle frequency was assessed and
cuttings obtained from 30 trees for rooting to verlfy the hy-
pothesis that trees of higher needle frequency would grow larger.

Additional cuttings will be collected from eelected
trees of high and low needle frequency to assess the hypothesie
that those trees with higher needle frequency and more medullary
ray tissue root better.

During earlier tests to establish the relatlonship
between needle frequency and tree size, in Parnell Townshlp,
Kapuskasing District, seeds were obtained from the trees being
sampled. These were sizedr w€ighed and germinated during the
winter of 1967-68. Preliminary results indicate t.hat there was
a characteristic size of seed common to each tree, with the
highest germination from small seeds and the lowest from large
seeds. Seedling hypocotyl and epicotyl length and cotyledon
number were greatest from larger seeds.
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SHELTERBELT TREE BREEDING

W.H. Cram and C.H. Lindquist
fndian Head, Saskateheuan

Since 1965 tree improvement programs have of neces-
sity been assigned a lower priority than investigations to
resolve nursery pro<luction prokrlems. Nevertheless, work is
being continued to impr:ove and mass produce superior hybrids
of caragana and spruce, and also to evaluate poplatrs, willowst
shrubs, and various species of conifers for shelterbelt plantings.

CARAGANA IIVIPROVEMENT

Investi-gations were initiated in L949 to produce more
vigorous caragana seedlings for field shelterbelt planting by
cross-pollination of selections showing superior vigor.
Parental selections demonstrating superior combining ability
for vigor are being propagated by cuttings to establish natural
hybrid seed orchards of one self-incompatible and one self-
col4patible pollen selection. One such planting consisting of
J-25 rooted cuttings of self-incompatible selection and a:self-
fertile selection was established at the nursery in 1959. This
produced 10 lb. of hybrid seed in 1966, which was field sown in
L967 with 'standard seed for comparison to determine the rela-
tive nursery vigor of the hybrid seedl-ings in 1968. Fourteen
pounds of hybrid seed hrere harvested in 1967.

SeIf-comoatibilitv Determinations

These studies were conducted for J.52 new vigorous
selections, which originated from six Russian and three European
seed sources. SeIf-compatibility of the 152 selections rang'ed
from 0? (pods-per-flower-tripped) to 89Zt of which 32 appeared
self-incompatible. It was apparent that pollen with only 88
viability is efficient for pollination as indicated by seed
source Denmark (D227) which set 262. Inbred seed of 1965 from
28 selections germinated in the greenhouse revealed that none of
the selections carried the deleterlous albino character.

Cross-compatibility Determinations

This work was limited to three self-incompatible
selections with nine vigorous self-compatible selections as
pollen parents. Good cross-compatibility was evident for all
combinations as indicated in Table 1. PoIlen abortion was
estimated by culturing for 24 hr on 28 water-agar media with
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Table I. Cross-compatibilitya for
Caragana Selections with
Selections

Three Self-incompatible
Three Self-compatible

Pollen
parents d

Abortiveb
pollen

Self-incompatible Selections9 General
V-15 B2-4 D191-1 mean

D26-2
B5.IA
B2-7
v-2
v-15
7-9
I3- I
v- 14

1I
I
4

31
20
26

r00
L7

(r)
28.7
34.7
35.7
47.r
59.2
55.9
34.0
65.-l

(r)
17. 5
]-4.7
13. 0
17. I
9.1
8.1

16. I
23. L

(r)
4.7
8.5

L7.5
10. 0
8.9

25.6
53. I
16.7

(r)
17.0
19.3
22.r
24.8
25.7
29.9
34.6
35.2

H-r 53 59.r 47.9 13.7 40.9
General combining ability 46.7 18. 5 L7.6 27 .6

aPercentage of pods set for flowers tripped
bMear, for three fields on one petri dish of agar.

IOt sucrose added. However, pollen from selection 13-8 did not
produce any tubes on the artificial media, indicating pollen
sterility, but seed set was good for three combinations. Selec-
tion D191-l (of a Russian seed source) had lower cross-compat-
ibility than B2-4 (a local selection), except when in combina-
tion with pollen of 13-8 and 7-9. Selection V-16 demonstrated
the highest cross-compatibility for all combinations, except
D191-1 X 13-8.

Propagation of Selections

Propagation of selections which have demonstrated high
combining ability for vigor in hybrid combinations, is conducted
annually to provide clonal material for isolated seed production
plots. Some 2r300 softwood cuttings from four vigiorous self-
incompatible and nine self-compatible selections were rooted in
1966,:and 4,800 cuttings of four selections in 1967, with an
average of 38t rooting. One hundred and nine grafts were made
on 57'seedlings from 12 selections for a mean success of 80t.

COLORADO SPRUCE IMPROVEMENT

Cglorado Spruce

Pieea pungens improvement studies have been in prog-
ress since 1954, the objective being the mass production of
'blue' trees from hybrid seed for farm shelterbelt plantings.
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Table 2. Color Rating and Distribution of
Seedlings Field Planted in 1963

Hybrid Colorado Spruce
and 1965

en
PolIen

Planting Number Color Ratinga c Percent of, Seedlinqg
site plants BIue G-B B-G Green

PC-6
PC-5

PC5-B
PC6.B

PC-7
PC-7

RC- I
RC- I
RC- 1
RC- I
RC- I
RC- I

wLl
WLl

ENE
wsE

s1s2
WLI

(no. )

65
96

351
5L7

455
30

(E)
22
17

23
13

I1
13

(r)
L7
18

(B)
57
57

(r)
5
I

2L
39

26
20

40
30

2t
10

23
37

35
38

aColor classes are bluer greenish-blue, bluish-green, and green.

Hybrid seed of 1965 from 48 crosses htere sown on
May 30, and damping-off losses of 388 oceurred despite Captan
drenches. Seedling stand for 71 combinatJ.ons sown in 1965 wae
348. A11 seedlings demonstrated good blue needle color. Seed-
Iings from 24 crosses of f961 were planted as a permanent field
shelterbelt in 1966, with a survival of 732.

Some 1,060 hybrid seedlings (PC6B X RCI) were planted
in two locations on the nursery in 1963 and in 1965 som6 640
hybrid seedlings from two other crosses (PC6 x RCl, Pc7 X RCI)
were also planted out at two locations for each progeny. Four
needle color classes (blue to green) were utilized to claseify
each progeny as to color, and the results are summarized in
Table 2. The cross combination of PC6 x RC,l appears to produce
the highest percentage of blue needle progeny. Characteristics
of the planting site appeared to influence the manifestatlon of
needle color as is indicated by progeny of PC6B X RCI.

Self- and Cross-compatibility

Pollinations to determine compatibility $tere continued
in 1966. Female flowers on 47 'blue' selections were isolated
in cellulose bags on May 23 and artificially pollinated on June
6. The cones t^/ere harvested on September 5, and compatibilities
evaluated on a basis of the average yield of seed per cone.
Self-compatibility of 43 selections ranged from 0 to 56 seeds
per cone and averaged 9.3, whereas mean cross-compatibility
ranged from 0 to 90 seeds per cone, average 27.4. Regrettablyt
five of the apparent self-incompatible selections were also
cross-incompatible with RCl and N4120. On the other handr on€
of these (N436) had a cross-compatibility of 14 seed per cone
in 1965. Three selections (N435, N424t N4221 | appeared self-
incompatible but one (N4f15) set 45 seed per cone in 1956.
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Tv,renty-two selections that demonstrated self-incompatibilities
in 1965 and 1966 are potential material for natural crossing
blocks to produce hybrid seed. Pollen viability of. 34 selections
ranged from I to BBB and for pollen selections from 94 to 93t.
Repeated spraying of trees with insecticides reduced the in-
cidence of insect infestations and permitted harvesting of some
27,832 hybrid and 2,424 inbred seed in 1966.

OnIy one cross (RC5-89 X 5535) of nine attempted
crosses of two Colorado spruce selections with pollen irom three
Pieea sehrenkiana selections, was successful and produced 18
seeds.

Grafting

The grafted orchard of Colorado spruce was increased
by 64 grafts of 15 selections with a success of 792. Suecess
for 35 grafts of P. schrenkiana on Colorado spruce and 5 on
white spruce, and l0 qrafts of white pine on Scots pine was 792,
572, and 1008r r€spectively.

POPLAR AND WILLOW

The 1966 poplar breeding program consisted of crossing
Populus X 44-52 with P. petrouskyana ana p. tristis in the green-
house. The seed harvested produced 252 hybrid seedlings from
greenhouse sowings.

Rooted Cuttings

Forty-eight selections of poplar hybrids 144-52 X
Saskatchewan) were planted in the field as rooted cuttings to
study performance and disease resistance. The clones were
planted as single-plant plots with one, three and six replica-
tions; Northwest was used in each planting as the standard for
comparison. The planting survival ranged from 08 to 100E,
average 598. The height growth for seven selections exceeded
that for Northwest (109 cm), the greatest being PX7-8 (142 cm).

Disease fnoculation Tests

, Tests were initiated in 1966 in cooperation with Dr.
H. Zalasky. Inoculations with the black poplar gall [DipLodia
tumefaeiensf were made in the greenhouse on 32 clones, which
were planted in the field on Ivlay 30. On the basis of this pre-
liminary study six crones appeared to have some resistance.
Some 300 rooted cuttings of 32 clones were field ptanted and
inocul-ated with the black poplar gall and Septoria canker
lSeptonia musiual for evaluation in L967 and 1968.
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Regional Poplar and Willow Tests

These tests were continued in 1967 with the cooperation
of the Plant Industry Branch of the Alberta Department of Agri-
culture, the Forestry Branch of the Saskatchewan Department of
Natural Resources, and of the Department of Forestry and Rural
Development in lilanitoba. Plantings of 15 poplar and 11 trillow
clones as five replications of single-plant plots were estab-
lished at one location in Alberta, three l-n Saekatchewan, three
in Manitoba, duplicate plantings for a check were at the free
Nursery, Indian Head. Survival of the planting at Indian Head
was 838 for the poplar and 872 for the willow; surVlval of the
planting at Brooks, Alta., was 77t and 688' respectJ.vely. Per-
formance data in 1966 for the 1965 check poplar planting at
Indian Head showed P. sargentii to be the most vigorous clone
followed by P. eardiensis and P. '44-521 . Reports for the 1965
regional planting in Saskatchewan indicated that P. geLrieat
P. oernirubens and P. eardieneis were the most promising poplar
clones; in Manitoba plantings of P. | 44-52 | $tas the most vigorous
clone and P. oernirubens the second. Growth data in L96V for
the 1.965 planting at Indian Head indicated that two poplar clohes,
B.L.#3 and 44-52, were significantly more vigorous than all
other clones (19), with P. eargentii, P. eardiensis and P. uerni-
pubena ranking fourth, twelfth, and fourteenthr respectively.
Performance data in 1967 for the 1965 regional test planting at
Carrot River, Sask., showed the clones P. petrouakyana, P.
tnistie and 44-52 ranking first, second and third for vigor. In
this test peachleaf willow ranked first and Basford second for
vigor; in the 1965 planting at Indian Head Basford willow was
the most vigorous: The above results indicate that poplar clones
vary greatly for vigor for the first 3 years of gror^tth and in
the different climatic regions, and that willow cloneg are less
variable than poplar. An additional test planting of 84 poplar
and 33 willow clones was established on the nursery ln l-967 as
three replications of single-plant plots.

CONIFER PERFORMANCE

Reqional Species Tests

Regional species tests were initiated in L967 in co-
operation with the provinces of Saskatchewan and t'lanitoba. Seed-
lings of 2A species were supplied for four sites in Saskatchewan
and of L4 species for two sites in Manitoba. A duplicate planting
of 25 species was made on the Tree Nrrrsery. Due to the small
size of the seedlings (2-2) and inadequate site preparations none
of the plantings were a complete success.
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Seed

Seed of 25 conifer species (70 lots) procured from
various sources in Europe, U.S.A., and Canada was sohtn on 31 May
1956. Seed of 13 lots failed to germinate. Good germination
was obtained with Norway spruce lPi.eea abiesl - I lot' ponde-
rosa pine fPinus ponderosal 4t white pine lP. strobuel ' 2'
Scots pine lP. syLuestrisl 5t and cedar lThuga occidentaliel

3. Germination of the 16 lots of spruce seed, stratified for
60 to 90 days, was low. Although damping-off losses btere severe'
stands in October were estimated to be 29,0O0 seedlings.

Scots Pine

Two provenance tests for Scots pine are in progress.
In 1960, 3-0 seedlings of one Finnish and 10 Russian seed
sources were planted in a cooperative study with Mr. M.J. Holst.
The height measurements for 1966r ars summarized in Table 3,
indicate that the progeny of the three Russian sources (Orel,
Woronesh, and Kiev) continued to show great vigori progeny of
the Tobolesk, Beloneskig, and Niska sources continued to show
least vigor. The ranking for height has remained the Eame since
1964, when the plants were B years (3-5) o1d. In the L962 Prov-
enanee planting of 3l Russian seed sources (a cooperative study
with Dr. D. Dawson of the U.S.D.A., Forest Service) the Orel
provenance also exhibits the greatest height.

Table 3. Comparative Heights of l0-Year-Old Progenies of
l1 Provenances of Scots Pine

Original sources
of seed

Herght 
,

Russia, Prov. of Orel
Russia, Prov. of Woronesh
Russia, Kiev
Russia, Prov. of Chkalov
Russia, Prov. of Molotowa
Russia, Smolensk
Russia, Prov. of Kaluga
Russia, Smolensk
Russia, Beloneskig, Bashkiria
Siberia, Tobolsk
Finland, Niskab

(cm)
32
28
29
22
26
23
22
24
l9
19
11

(cm)
63
59
56
43
49
4B
46
4B
40
37
22

(cm)
138
L24
122
r07
106
102

97
94
76
76
36

(cm)
25I
240
237
2l-9
207
204
193
r89
158
L57

76

Means 984723 194

4128 have yellow needles
bZSt have yellow needles

during winter.
during winter.
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Ponderoea Pine

In the provenance study being conducted in cooperation
wtth the U.S.D.A.1 Forest Service, the relationship between seed
and eeedlings sl-zes were of particular interest in 1965 and 1965.
Seed size (weight) and height of the 1-0 seedlings were highly
correlated but the relationship disappeared in 1965 for the 2-O
seedlings. The least vigor (5.6 cn) was demonstrated by progehy
from a California seed source while greatest vigor (10.4 cm) was
for progeny from Wisconsin. Complete snow cover during the wLnter
of 1965:56, minimized the expected losses and the etand contaLned
7,480 seedlings in the fall of 1966.
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OBSERVATIONS ON StNGLE, FREELY-SUSPENDED
SINGLE CELLS OF JACK PINE
GROWING IN CEL.L CULTURE

D.J, Durzan and D.R. Bennett
Petawaua Foneet Etperiment Station'

Chalk Riuer, Ontario

A method has been developed to Produce large numbers
of slngle, living cells of jack pine and white spruce in cell
and tissue culture (D.J. Durzan and F.C. Stewardr unpobllshed
observations). Single cells can be obtained from callue de-
rived from embryos of germinating seeds or shoot apicea of
mature trees. This report wiII record our observations that
single cells of jack pine in tiguid culture media occael.onally
contain more than one nucleus per cell

l,lethods and apparatus used to produce single cella
are somewhat similar to those descri.bed by Steward et al,. (f958)
for the carrot studies. However, our methods differed from
.others previously employed. First, culture medium wLth_out TiO2'and formulated after Steinhart et aL. (1961) was prepared ln
lieu of Stet'rardr s media. Second, 10t coconut milk was replaeed
by a It aqueous extract of germinating jack pine eeed. Thlrdt
all components of the cultuie media were filtered rather than "-autocLaved to maintain aseptic condition's.

A special feature of the Steinhart et aL. formulation
is the presence in the rnedia of kinetin (2.5 Ppm), which ie an
unnaturil growth regulator. Kinetin or 6-furfurylaminoPurLne
is a product of aged preparations of nucleic acidg and is known'
to induce ,cef1 divisions- in the vacuolated cells of tobac'co
pith (cf. Skoog and Miller 1956). Jack pine cells groldn in
media containing kinetin occasional.Iy contain ttvo nuclei with-
out the development of a cell wall between what should have been
the daughter and mother cell. Other cells divide naturally'and
produce callus which further leade to the production of more
single cells. Steward et aL. (f958, fig, 33) also observed
multinucleated cells in cairot ceIl culture. Work Is currently
in progress to study this phenomenon together with the pattern8
of Lellular organizltion and kinetics that allow single cells
to form unorganized or embryo-Iike structures.

Figure 7 (See nett page). Si.ngle and multiple freely'euepended -
Li"uing eells of iack i'tr" in iiquid nedi.un. A. Single, Dacuolated
ceLL "ehouing ,r.i.us,' aetiuely itneaming pnatoplaemic ettande'
etareh gnai"ne and. ehlonoplast-s. A. ELongated celL. C. Tuo ceTla
oith pobtoplasmie etrand's pnotruding thiough eeLL uaLL. D. MUL-
ti.pLe', lreb-Ttoating eeLLe'. E. Singie ceLL containi.ng tuo nuclei.
F. Elbngated eingLe- ceLL eontaining tuo nuelei uith cleatly-
defined- nucleoli. Cali'bration Lines a,ne 100 v Long. '
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SEED ORCHARDS AND SEED PRODUCTION AREAS
IN ONTARIO

W.G. Dyer
?ntario Department of Lands and Porests, Toronto, 0r:.

PROVENANCE TESTS

Jack Pine

In the spring of 1967, ref ill plantings lrtere carried
out in five sections of the 1966 all-range jack pine provenance
experiment, 255-E and in two sections of the 1966 jack pine
provenance hybrid experiment, 268-8. The plantings are located
in five districts in northern and northwestern Ontario and are
cooperative experiments with Canada Department of Forestry and
Rural Development.

SEED ORCHARDS

There were no additional seed orchard sites establish-
ed in the last 2-year period. Seed orchards previously estab-
Iished were considerably enlarged in L967 and 1968. Table I
shows the number of clones and acreage planted in the last 2
years and the total to date.

Red Pine

Graftj-ng of red pine for ctonal seed orchards is being
continued only to fill failed spots in present seed orchards.

In the red pine seed orchard in Grenfell Township male
flowering has been medium to heavy in the last 2 years in the
older plantings (f959 to L962). Cones are being produced each
year in small quantities, but have as yet not been sufficient to
warrant a collection.

In the red pine seed orchard in Gurd Township male
flowering has also been noted in the last 2 years. Scattered
cone production has.been noted and there are sufficient cones
to warrant a small collection in the fall of 1968.

White Pine

A white pine seedling seed orchard was established in
the spring of L967 at Connaught Ranges near Ottawa. The planta-
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TABLF: I
PLANTED

19 67 1958 To Date

No. of No. of No. of
Species Location grlones acres clones acres clones acres

!{hite Linclsay X 4.4 X 3.8 X 24.5
Pine District,

Orono
Nursery

White Parry Sound Nil NiI 7 1.5 25 5-5
Pine District,

Gurd Twp.

Red Parry Sountl 23 3.8 4 I.0 54 12-0
Pine District,

Gurd T.wp.

Red Swastika Nil Nil 25 refill 59 22.0
Pine District,

Grenfell Twp.

White L. Simcoe 3 refill 9 2.O 2L 4-0
Spruce District,

Midhurst
Nursery

White Port Arthur 13 2.0 I8 4 .0 24 8..0
Spruce District,

Camp 503 t

Black L. Simcoe 17 4.0 25 5.0 42 1I.0
Spruce District,

Midhurst
Nursery

Black Port Arthur 14 2.0 23 4-0 41 8.0
Spruce District,

. Camp 503
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tion itsetf, of approximately 2 acres' htas established in May
L947 with white pine materials grow5.ng in the disease garden of
the National Research Council Annex on the Montreal Road. Prior
to the planting, the material.s l{ere cullecl for poor form,
blister-rust infection and slow growth.

At the same time, several lots of white pine ltere
brought from the Petawawa Forest Experi.nerrt- Station and planted
togeiher with the materi.als from the National Research Councll
Annex in what is called the nOId Sectj.on". During May 1948t
all remaining white pine lots fr()m the National Research Coun-
ciI Annex were transplanted to the "New Seetion". OnIy plants
free from blister rust and of good form were transplanted.

The plantation was thinned in 1957 and 1960. In the
Iatter thinning aII the trees that ha<l beeome infected with
blister rust and trees whose grafts showed blister rust infec-
tion at Maple were removed. fn additionr aII weak trees, too
small to yield scions for graftinq at Map1e during the intervatr-
between the first and seconcl thinnings, were removed-

A third thinning was carried out prior to June 1957 on
the basis of susceptibility to blist-er rust as'determined at
Maple. It should be possible to harvest the first seedsr r€-
sulting from resistant X resistant trees, in the faIJ of 1968.

The above information on the history and thinning of
this plantation hlas provided by Dr. Heimburger, Southern Re-
search Station, Plaple.

The white pine seed orchard at the Orono Nursery con-
sists of grafter material using scions of trees resistant to
rust at Connaught Ranges. Collectable quantities of cones are
now being produced in the 1963 and L964 plantings-

White and Black Spruce

In the early years of grafting vrhite and black spruce,
some material from site region 3E was graft.ed at the Fort William
Nursery and some material from site region 3W at the Angus Seed
P1ant. When moving to the seed orchards at the Midhurst Nursery
(3n source) and Camp 503 (3I{ source) a trucking problem develop-
ed due to cost. For the last 2 years the grafted trees have
been exchanged by aii freight between Fort l{il}iam and Toronto"
The trees are shipped root bare in a plastic bag with moss in
Iarge tree-shipping crates. Trees lifted one day can be planted
either the next- day or the day after and very high survival haS
been attained. Aj.r transport has provided a fast and compara-
tively cheap method of shipping gtafted material.
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SEED PRODUCTION AREAS

Three seed production areas have been established in
the last 2-year periodr ds follows:

Site
Species Location Regiolq Acres Development
Red Lindsay District, 6E 10.0 Thinned L967
Pine Haldimand Twp.

Red Sioux Lookout 4S I2.O Marking and
Pine District, thinning 1968

Mcflraith Twp.

White Lindsay District , 6E 19.4 Thinnj.ng 1958
Spruce Orono Nursery

In addition, one white spruce, two black spruce and
one red spruce seed-production areas have been located and plans
for establishment are beins processed.

Red Pine - Lynn Tract - Oro Township

This seed-production area is now showing the benefits
of thinning and fertilization. A medium crop of cones is in-
dicated for 1968. Additional thinning is required and the stand
will be rogued on the basis of seed production. Each tree
(approximately 700) will be numbered and records of cone produc-
tion will be kept for the next 5 years. Male flowering has been
abundant' particularly in 1968, when large clusters of male
strobili were observed extending 3 and 4 inches along the
branches.

$lhite Spruce - Gur4 Township

A collection of 90 bushels from this seed-production
area in L9'64 yielded over 21 million viable seeds. All the
seed sown in the faIl of 1967, €tt four nurseries producing the
stock for site region 5E, came from this collection.

White Spruce - Orono Nursery

fn the falI of L967, 1I5 bushels of cones were col-
lected from this" seed-production area.
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] SEED COLLECTION

rn 1966 and 1967, 161250 and 18'200 bushele of cones
and rough seed, respectlvelyl were colleeted. Seed requLrements
for the faII of 1968, to malntain the necestsary reserve, are
.for the equivalent of L7 t25O bushele of cones and rough seed.
The sowl.ng target for the fall of 1968 and the sprl.ng of L969,
is for the production of 100 million trees at the I0 provlnclal
nurserLes. The seed inventory as of I ilune 1968 at the Ontario
Tree Seed Plant at Angus, ls 2.9 billion viable eeeds of 47
species, weighing L4-3/4 tons. 1967 rras a good crop year for
most species, particularly white spruce where there was a bumper
crop. The shortage in red pine remal-ns. Eight thousand bushels
of red pine eones are requlred this fall.
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GENECOLOGY OF YELLOW BIRCH

E.R. Falkenhagen
Forest Researeh Labonatot!t Silterg' P-Q.

During the summer of L967, 48 poPulations of yellolt
blrch of five trees each were located in the province of Quebec.
In the faIl, 30 catkins btere collected from each tree. The
seed, which was kept separate by trees and stored at 40F' t*ill
be sown in the spring of 1969.

Because of the high within-population genetic vari-
abllity demonstrated by K. Clausen (personal communication) for
this species, catkins will be collected from a further five
trees in each sampled area in the fall of 1958.

Catkin morphology is now being studied and a prelimi-
nary statistical analysis indicates that 15 bracts are necessary
to estimate correctly the catkin mean, and that four catkins are

, necessary to estimate the tree means (Dagnelie f964) -

RET'ERENCE

Dagnelie, P. 1964. La dEtermination du nombre de r6p6titions
en vue de 1'estimation d'une moyenne. Biom6trie-Praxi-
m6trie. Vol. 3-4. 117-135.
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DEVELOPMENT OF THE OVULATE CONE
IN WHITE SPRUCE

,J.L. Farrar and Marie Rauterl
Ilniveteity of Tononto, Totontot Ont.

Buds and developing cones lrere collected from Pieea
glauea Dloench. throughout the growing season of 1967. Some
ovulate cones were pollinated with pollen of the same species,
some with pollen of black spruce [Pieea mariana (Mill. ) BSP. I
and sone were left unpollinated. Subseguent development was
followed on microscopic sections to try to determine the reason
why blacf spruc- polien fails to fertilize white sPruce ovules.

lPnesent addresst Ontanio Depantment
Southenn Expeninent Station, Maple'

of Lands and Forestst
Ontanio.
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TREE BREEDING IN THE MARITIMES REGION 1966.67

D.P. Fowler
Foneet Reeeareh Laboratory, Fnedenieton, N. B.

Two new members rdere added to the staff of the Mari-
times Region to work in the general field of tree breeding or
forest genetics in 1966-67. They were D.P. Fowler, formerly
employed by the Ontario Department of Lands and Forests, and
S.A. Manleyr a graduate student at the University of New Bruns-
wick.

The work in this field, which had formerly been under
the direction of H.G. MacGiltivray, vras expanded into four pro-
ject areas: provenance and progeny testing; genecology of the
red - black spruce complex; breeding and breeding systems; and
production of haploid and homozygous diploid trees.

Only the progress on the latter two will be presented
in this report.

BREEDING AND BREEDING SYSTEMS OF FOREST TREES

The objectives of this project are (a) to better under-
stand the existing and potential- genetic variability of native
and exotic species of value in the Maritimes Region, and (b) to
provide information and breeding material which will make possi-
ble the production of genetically improved trees.

Work on this project is a direct continuation and ex-
pansion of some of the work previously carried out by H.G. Mac-
Gillivray (MacGitIivray 1966).

Larix

Because of its rapid juveni.Ie growth' good form' high
wood density and ease of handling in forest nurseries, larch is
a potentially valuable reforestation species. Our present know-
ledge of the genetic variation available in the native larch
lLanis Lanieina (Du Roi) K. Koch. I is limited. It is the objec-
tive of the present work to determine the magnitude and pattern
of genetic variations of native larch, determine its relation-
ship to other larch species and to select or develop a superior
larch or larch hybrid suitable for reforestation in the Mari-
times Region.

In 1967 the hybrid Lariu Larieina x Leptolepis was
crossed with L. deeidua. This cross, made using three different
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female parente, yielded a
germlnated ln petri dishes
January 1958.

Picea

total of L282 full seede which
and planted ln the greenhouse

were
ln

In the spring of 1956, while the writer was employed
by the ontario Department of Lands and Forestsr a number of
controlled pollinations hrere attempted with spruce. In the
fall of 1966 the cones from these crosses hrere collected and
sent to Frederieton, N.8., where the seeds were extracted and
the resurting plants raised in the greenhouse. The results of
this work are summarized in Table l.

An extremely poor flowering year for spruce in the
Maritimes Region occurred in 1967. No controlled pollinations
lvere attempted. Ontario, on the other hand, enjoyed an excep-
tioual flowering year, control polrinated cones from inter-
specific hybridization of several spruce species were received
from M. Ho1st, Chalk River, Ont,, in the fall of L967. The
seeds srere extracted and full and empty seeds separated by
floatation in 95t alcohol. The results from these crosses are
presented in Table 2.

Of special interest is the apparent success of the
cross Pieea glauea x P. abies which yielded approximately 37OO
full seeds. This material is of potential value as a means of
transferring weevil [Pissodes strobi, (Peck) ] resistance from
white to Norway spruce. AIso of interest is the apparent dif-
ference between red and brack spruce in their abirity to cross
with several of the exotic spruces. This may indicate that the
two species are not as closely related as is generally assumed
on the basis of natural hybridization.

Red Pine

Studies to determine the magnitude of maternal effects
in red pine were continued during 1966-67. This work is a
direct continuation of work performed by the writer when he was
employed by the Ontario Department of Lands and Forests (Fowler
r956).

HAPLOID AND. HOMOZYGOUS DIPLOID TREES

This project is being carried out in cooperation with
Dr. J.M. Bonga, tree physiologist, Fredericton, N.B.

The use of near homozygous lines for the production
of heterotic hybrids has been used successfully as a breeding
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method for certain agricultural crops. Because of the long per-
iod between generations, the development of homozygous (inbred)
Iines has largely been avoided by tree breeders. If haploid
plants could be Located or produced, their chromosome comple-
ment could be doubled to produce homozygous diploids in a single
step and the time required to produce such lines by inbreeding
could be shortened.

The gametophyte stage (haploid) in gymnosperlllsr
although greatly reduced in comparison to the sporophyte, under-
goes several cell divisions. If the gametophyte could be in-
duced to undergo further divisions and subsequently to differen-
tiate into a functional plant the production of haploids and
homozygous diploids would be feasible.

It is the objective of this project to produce haploid
and, subsequently, homozygous diploid trees. Initial studies
are being carried out with red pine lPinus resinosa Ait. I be-
cause of its genetic uniformity and low frequency of deleterious
recessive genes. Once techniques have been successfully devel-
oped for red pine they will be used for other coniferous species.

During 1967, female gametophytes were collected at I-
2 week intervali throughout the late spring-suntmer period. Fresh
tissue from each collection was cultured in uitro on a Whitesr
medium plus coconut milk and casein hydrolysate. The cultures
hrere eximined weekly until deterioration occurred. Subsequent
examination of tissues, periodically fixed throughout the ex-
periment, indicated that maximum growth occurred in cultures
made from materials collected just prior to or just after fer-
tilization. Future work will be concentrated on tissues at this
stage of development.

The effects of varying the concentration of 2tA-D,
IAi\ and NAi\ in the media were also examined. The results of
this work have yet to be evaluated.

PUBLICATIONS L966-67

Fowler, D.P. 1965. A new sPruce hybrid - Pieea schrenkiana x
P. glauea. Proc. 2nd Genet. workshop of sOc. Amer. For.
and-7th L.S.F.T.I. Conf. 1965- U-S.F.S. Res. Pap. NC-6:
44-47.

L967. f,ow grafting and deep planting may prevent
mortality due to incompatibility in pines. Forest sci.
13 (3) :314-315.
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PHOTOPERIOD, THERMOPERIOD AND GIBBERELLIC ACID
AND THEIR EFFECT ON GROWTH OF SEVERAL CONIFERS

D.A. Fraser
Pet,auanta Fonest Experiment Station,

Chalk Rioer, Ontanio

In the north temperate zone the decreasing photoperiod
after the summer solstice is the overall controlling factor for
inducing dormancy before the approach of winter. Soil moisture,
nutrients and temperature also affect the rate and amount of
growth. fnteraction between these factors and photoperiod can
also occur. Flower initiation (Fraser 195Ba; Wareing 1956)
metabolic activity (Fraser 1964, L966 ) and nitrogen metabolism
(Durzan and Steward 1963) are all influenced by photoperiod.
Because of the multiple effect and the potential of practical
apptication through its control (Fowler 1961; Fraser 1968)
photoperiodic influence on spruce seedlings was studied both in
growth chambers and in the field.

, It was earlier established that spring temperatures
influence the initiation of radial growth in trees (Fraser 1956).
Therefore the suggestion that thermoperiod rather than photo-
period should be a deciding factor for growth initiation (both
apical and radial) was explored.

Gibberellic acid (GA3) has promoted apical growth
(Praser 1958b) and early sexual maturity (Pharis and Morf 1967 i
Kato et aL 1959; Goo and Yagi L966) in many tree species. While
our earlier work with gibberellic acid application in conifers
was not reported on because of negative results (i.e. injury
rather than stimulation), the findings of the above authors
suggested that our failure resulted from the higher sensitivity
of conifers to gibberellic acid. Thus it was decided that
another trial with highly reduced concentrations should provide
us with a desirable effect.

While photoperiod, thermoperiod and gibberellic acid
all exert a definite influence on growth of conifers, their
individual effects are not mutually exclusive. It was our aim
to establish not only the individual effects of artificial vari-
ants of growing conditions, but also a combination of these
which would be most favorable to both vegetative and reproduc-
tive growth
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EFFECT OF PHOTOPERIOD ON BLACK AND WHITE SPRUCE SEEDLINGS

seeds of black lPieea mariana (Mill.) BSP.I and white
[P: glauoa (Moench) Vossl spruce ]tere planted ln October under
natuial photoperiod in a greenhouse at 2LC. Nine months later,
when.they were about 2 cm highr the seedlings $te:e transplalted
into 75 x 40 x 20 cm flats containing silica eand. These flate
urere transferred into growth chambers at 2lC. Three photoperlode
hrere provided by a combination of fluoreseernt and incandeecent
lighti of 1500 ft-c. The flats $tere irrigated with a complete
nutrient solution.

Seedlings of both species reacted.essentially the Eame'
except for additional nitrogen-requirement of the white sPruce
seediings for maintenance leader growth and apical.doml-nance
after li nonths under long photoperiods. In seedlings grown at
the 16-, ancl 24-hour photoperiods, dormancy will be induced
within 2 weeks after transfer into an 8-ho-ur photoperiod. Simi-
Iarly when seedlings grown in the 8-hour photoper.i-od are trans-
ferred into long photoperiods, their dormaney will be broken
and apical growih-will resume (Fig. f ). This seedli.ng dormancy
in the 8-hour photoperiod can also be broken by a 2 week expo-
su.re to 2C. tn our-experiment growth resumed for 2 weeks_after.

""En 
seedlings were trinsferred back to ZIC at the same (8-hour)

.photoperiod
The production of dry matter was greatest in the seed-

lings grovtn under the 24-hour photoperiod, both at t4 and 37
weefs. - The increase was more prominent in black spruce than in
white (Fig. 21, when the dry rnltter production was compared wLth
that at the 16-, and $-hour photoperiod. Yet the greatest
leader-growth was produced at the 16-hour photoperiod' The dis-
tributi;n of dry mltter also changed with age and length of
exposure to light. At 14 weeks the 24-hour photoperiod seed-
li'ngs had a ro5t: shoot ratio of Lz2, whereas at 37 weeks this
ratio has changed to I:1. A similar increase in root:shoot
ratio related to the duration of exposure was evident in seed-
lings grob/n under the I5-hour photoperiod.

EFFECT OF ARTIFICIAL TEIVIPERATURE INCREASE

Apical growt.h in white spruce at chalk River, ontario,
Canada (45"- 5B' N:, '17" 3I' W.), extends approximately from late
May until early July, irrespective of the sites on which they
.16 growing; initiation and cessation of growth in.b]9ct spruce
,r",r.ify !s-2 weeks later. The time of growth-initiation is also
subject to about a 2 week'variation depending on the average
sprLtrg temperatures: it will be earlier during a htarm, and later
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during a cold spring. Other factors, such as the amount of sun-
shine, moisture and nutrients can vary from year to year. The
growth period may also be affected by their influence, combined
or individual. When spring temperatures are above average,
they favor, besides growth initiation, the formation of stamin-
ate and ovulate cones.

In the late winter of L966-67 (early April at Petawawa)
four plastic houses, each 12 feet high, were erected around two
groups of nine saplings each of white and black spruce. To mode-
rate the temperature, four thermostatically controlled el-ectrj-c
heaters were installed in each house to operate at any tempera-
ture below 70F. During the hot suflrmer months a ventilating fan
in each house alleviated excessively high temperatures and kept
the carbon dioxide content of the air comparable to that of the
natural environment. Because of our previous suggestion (Fraser
1962, 1967) that increased photoperiod will accentuate effect
of other treatments incandescent lamps were installed to provJ-de
illumination of about 200 ft-c during the night in both the
plastic houses and in the plantation.

In mid-April, 2 weeks after the introduction of the
artificial increase in air temperature, (Fig. 3) apical growth
had commenced in white spruce and shortly thereafter in black
spruce (Figs. 4a and 5a), while in the control saplings it did
not occur until I month later in early June (Figs. 4b and 5b).
Radial increment in the trunk preceded apical extension in both
the plastic-enclosed and control saplings. These observations
confirm the supposition that in our latitude, temperature rather
than lengthened photoperiod influences the time of spring growth-
initiation.

Both raised air temperature and lengthened photoperiod
influenced the rate and amount of growth. Continuous growth
was evident in both the leader and upper branchesr €IS well as in
the cambium in black spruce from May until October. In white
spruce the pattern of growth was somewhat different; growth
ceased for I month in mid-sunrmer, but resumed again and continued
until the natural photo- and thermo-periods were re-established
in mid-October. Saplings subjected to the aforementioned treat-
ment were not frost hardy, and were winter-killed. However, the
re-establishment of the natural photo- and thermo-periods in
early September, before the onset of winter frosts, favored
natural cessation of growth and the development of winter hardi-
ness.

As we have already confirmed in our earlier studies
(Fraser L962) with photoperiod, the re-establishment of natural
day length in early September is essential for the development
of winter hardiness. Thus when only the heat in the houses was
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discontinued while the extra illumination was maintained, the
failure of the saplings to develop frost hardiness resulted in
winter-ki11.

INFLUENCE OF GIBBERELLIC ACID ON VEGETATTVE AND

REPRODUCTTVE GROWTH OF BLACK AND WHJIE-€PRUS '

1967
Auerage daiLy ai.r' tempenatures (based on 2-hourly
obseriations fnom thenmographs shielded f,ro\ th1
sun) in the opun (N) and- under the heated -plastie
houses (R) eoieri.ng the esperimentaL saplings of
blaek and uhite aq?uee-

WHITE CEDAR AND ARIZONA CYPRESS

Because induction of reproductive buds with GA_3 in
cypress lcup?essus sp.l and cedar lThuia sp.l has-been obtained
bi'other-rorkers (ralo et aL 1959; phaiis lnd Morf L967), species
from these genera as well as black and white Spruce were used in
our experiments.

seedlings of black spruce, white cedar lThuia oeeid-
entalis f,. I and aiizona cypresi lCupressus arizoniea Greenel
were sprayed three times i'week witir an aqueous solution of 500

fp* Ca3.rra 500 ppm Tween 2O, until they were dripping wet. A

second group of irltite cedar seedlings, 2S cm high' wls also sub-
jected [.o tlris treatment. The seedlings were gro$tn in growth
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chambers at 21C with B-, 16- or 24-hour photoperiods. The light
source consisted of a combination of fluorescent lamps and in-
candescent bulbs of 1500 ft-c. Because browning and some nor-
tality, especially in the Arizona cypress, occurred after the
flrst 3 months, the spray frequency hras reduced to twice a week.
This modification of treatment reduced damage, although it per-
mitted some development of side branches. One cc per seedling
of 500 ppm GA3 in 500 ppm Tween 20 and water htas also applied
twice a week to the rhizosphere of black and white spruce seed-
lings growing in nutrient-supplied sand which was automatically
(Bouyoucos control unit) sub-irrigated hrith water.

Black Spruce

The GA3 spray stimulated apical growth and inhibited
the produetion of lateral branches.

White Cedar

In young seedlings (shortly after gernination) GAI
inhibited apical growth under all three photoperiods when c6m-
pafed with foliar application of plain water. In the 25-cm
high seedlings the results were quite contrary. Here the GA3
stimulated apical growth, although some browning did occur.
Reproductive buds appeared during the seventh month.

Arizona Cypress

The original three-times a week application of GA3
Tween 20 produced not only lateral branch and root inhibition,
but also a deleterious browning and suggestion of potential mor-
tality. When, for this reason, the treatment was reduced to
twice a week, the damage was alleviated, although some side
branches were developed. Yet these seedlings developed cones
at +-he age of 7 months while no indication of any reproductive
tissue was evident in the control specimens which lvere sprayed
with pure water.

Comparing our results with those of Pharis and Morf
(L967 ) at Calgary we find that our seedlings of Arizona cypress
required more than twice (3 months for Pharis and Morf) as much
time to produce reproductive structures. This can perhaps be
explained as a genetical influence, for his seed originated in
California, while ours h/as supplied by Prof. W. Phillips from
Tucson, Arizon'a. This incident suggests that each treatment
would have to be tailored to the particular batch of seedlings
under investigation.

GA3 in Tween
black and white spruce
These experiments are

20 and water added to the rhizospheres of
stimulated apical growth of the shoot.

stiII in progress.
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To sum up our findings, GA3 affects both vegetatlve
and reproductive growth of several c5nifers (as werr is hard-
woods). It appears that this effect is influenced both by the
age of the seedlings treatedr the photoperiod under whlch the
eeedlinge are gror,ri.g, and the dilution used. The two last
conclusions agree with the report on simultaneous work pre-
sented by Pharis et aZ (1968). An indication $raa obtained that
the location of the meristematlc tissue treated le not critical,
L.€. the treatment of the rhizosphere could be compared to
aerlal spraylng.
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SELECTION, PROPAGATION AND SEED ORCHARD
ESTABLISHMENT PHASES OF THE DOUGLAS-FIR

BREEDING PROGRAM OF THE B.C. FOREST SERVICE

J.C. Heaman
B. C. Fore st Senttiee, Vietonia

SELECTION OF PLUS TRFES T'OR USE IN THE

DOUGLAS-FIR BREEDING PROGRAM

The propaqation and preservation phases of this pro-
ject have continued althouqh no further field sel-ectlon has
been carried out by the B.C. Forest Service sinee the last re-
port to the Committee. Cooperating members of the Tree Improve-
ment Board have continued some plus tree cruising individually
and as part of a joint program. A few a<lditional trees have
been reqistered.

At the beginning of 1968 aII but t5 of the 626 re-
glbtered Dougtas-fii treei had been propagated by .graftinginto the B.C. Forest Serviee clone bank at Cowichan Lake. Of
these registered trees, 423 are selected plus trees, while the
remainder are research trees

A research note (Heaman 1967) has treen prepared on
the plus tree selection program. This serves as a historical
record of the work and describes the methods used, standards
applied and the progress made. Emphasis was placed on the B.C.
Forest Service involvement but the development of the coopera-
tive effort was included

The Tree Improvement Board is still active but some
divergence of interest into hrestern hemlock and Sitka spruce
by the individual companies is taking place. The annual rPlus
Tree Week' cooperative cruise has ceased. but in its place other
projects in the field of tree improvement have been undertaken
on a joint basis. These projects are financed by interested
member companies and are directed by Dr. Szik1ai, who serves
as technical adviser to the Board.

B.C..FOREST SERVTCE SEED ORCHARDS

. As r^tas
been made by the
orchard approach

noted in the
B.C. Forest
in favor of

1966 Report, th.e decision has
Service to abandon the clonal seed
seedling seed orchards" fnitially,
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wind-pollinated seed collected from the plus trees in the field
wiII be used. This decision was based largely on the high in-
cidence of graft imcompatibility found in Douglas-fir and the
pifficulty in rooting the species, but in addition, the early
irroduction of cones anticipated on grafted material has been
most disappointing in the clone bank at Cowichan. It is also
becoming apparent that seedlings provide a more desirable branch-
ing habit from the point of view of cone production than do
ramets. Although from theoretical considerations this scheme
means acceptance of lower genetic gains, it does provid.e several
advantages of a practical nature ai this early stage in the pro-
gfram. Such seedlinq orchards can be expected to produce seed
in 10 to 15 years, of suitable provenance and incorporating
some genetic advantage. In the interval it will be possible to
obtain informati-on and material on which a more intensive ap-
proach, yielding greater gainsr may be applied.

Advantaqe was taken of the widespread cone crop in
1966 and, with help from cooperating companiesr con€s were col-
lected from 90 plus trees at higher elevations on Vancouver
Island and the coastal mainland. Seedlings are now being raised
for the first two priority orchards. At the high elevation Van-
couver fsland Seed Orchard site at Campbell River, 10 acres of
clonal orchard remain and wind-pollinated seedlings will be used
to complete the stocking of the l-6-acre field. The mainland
seedling orchard will be established at Duncan in 1969

Seed has also been obtained from plus trees selected
in the more northerly coastal area, from Sechelt north to King-
come Inlet, and stock for a low elevation seed orchard of this
provenance is now being grown.

As grafting at the Campbell River orchard dates mainly
from L964 and 1965, with a few 1963 ramets remainingT there has,
as yet, not been any appreciable seed production.

GRAFT INCOMPATIBILTTY IN
THE B.C. FOREST SERVICE CLONE BANKS

The incidence of graft incompatibility is very high
in the B.C. Forest Service clone bank but at present no attempts
are being made to find a long term solution to the problem as
Dr. Copes, U.S. Forest Service Pacific Northwest Station at
Corvallis, is carrying out detailed studies on this problem.
Hovrever, the cutting technique developed by Mr. Karlsson and
described in the Forest Research Review (1966) is proving satis-
factory as a short term measure. This treatment has been ap-
plied in 1966 and 1967 to all ramets in the B.C. Forest Service
clone bank showing siqns of incompatibility. It appears that
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the bridge of callus tissue, developed from the cute made across
the union, prolongs the llfe of the ranet. It doee not appear
to provide a permanent solution to the problem ancl repeated cut-
ting is required to maintain an incompatible combination.

RET'ERENCE

Heaman, J.C.
grarnme
Forest

L967. A review of the plus tree
for Douglas-fir in coastal British
Serv. Res. Note No. 44. 27pp.

selection pro-
Columbia. B.C,
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SUII{MARY REPORT ON FOREST TREE BREEDING

1966 & 1967

C. Heimburger
Southern Researeh Station, Maple, Ontario

In August 1966, Dr. D.P. Fowler resigned as Head of
the Tree Breeding Unit and Dr. C. Heimburger was temporarily
reinstated in this position. Ivliss R.M. Rauter also resigned
in September L966 to begin graduate studies. In July L967
Dr. L. Zufa was appointed Head of the Tree Breeding Unit and
Dr. C. Heimburger continued work in a consulting capacity.

WHITE PINE

Resistance to blister rust and weevil, and satisfac-
tory growth form and growth rate are the nrain objectives in
breeding. The work is being carried out in four phases:

t. Clones of Pinus strobus, originally selected for re-
sistance to blister rust are being intercrossed to determine
their combining ability to transmit resistance to their pro-
genies. Several clones are being regrafted, for additional
blister rust resistance tests according to recently improved
procedures. Scions of the most promising clones are being sup-
plied to the Timber Branch, Department of Lands and Forests of
Ontario and to the U.S. Forest Service , for the establishment
of seed orchards.

2. Single-tree progenies of plus trees selecLed for out-
standing growth form and growth rate, and for freedom from
att,ack by weevil, are being mass-inoculated with blister rust
to select blister rust resistant clones for further breeding
with a superior genetic background in respect to growth form
and growth rate, and reaction to weeviling.

3. Introduction of resistance to blister rust. into P.
strobus through interspecific hybridization. One clone of P.
griffithii has shown to be especially promising in this re-
spect, in transmitting'resistance to its hybrids with P. strobus,

4. Clones selected for resistance to blister rust are
being further tested for weevil resistance by means of field-
grafting in plantations under conditions of heavy weevil attack.
Some P. peuee and P, montieola appear promising in this respect.
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Acquisitions

The
of seeds:
P. nontieol,a
P. nontieola

P. anietata

The
scions:

Species
P. etnobua
P. montieola
P. etnobifopmie
P. etnobus

following populations rilere acguired in the form

Wileon Lake, Nakusp, B.C. (Cones collected
Londonderry Creek, Burton2 B.C. (fall t966, seeds

(extracted at
(Angus, Ont.-I/3
(sown fall 1966,L/3
(fall L967 at St.
(WiIliams

Origin unknownr F.W. Schumacher,
Sandwich, Mass

following materials were acquired in the form of

Origin
F inland
N.Y. State
N.Y. State
New l{estminster, B.C.

Successful
Clones Grafts

457

4
13

2
5

24

57
257

40
103

to blister

clones
clones
clones
clones

L967 for further

I008
14
20

509
35
10

7

Selection

The following clones, found to be resistant
rust, htere selected and grafted for further testing.
P. etnobue origin unknown, precocious in f956
P. montieola Nakusp, B.C.
P. montieola Denver, B.C.
P. montieola Salmon Arm, B.C.

Regraftinq (Phase 1. )

The following clones were regrafted in
testing for resistance to blister rust:
P. etnobue 70
P. peuce x stnobus I
P. peuce I
P. strobus x griffithi.i & neeip. 40
P. sni.ffithii 3
P. montieola I
P. Lambertiana x konaiensis I

3
I
2
3
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Mass-inoculation (Phase 2.1

Nineteen populations of P. etrobua r all half-sib pro-
genies of plus trees containing a total of about 19,650 seed-
Iings r.rere mass-inoculated with blister rust in 1967.

Hybridization

The following crosses, made in 1965, were harvested
in 1966:

Parentage
P. etrobue x strobus
P. (gniffithii. x strobuelx

FulI
Crosses Cones Seeds Seede

lgriffithin x strobuel 14
P. (stnobus x grif fi,thiilx(griffithin x etrobusl I
P. griffithi.i x (sniffithii

x stnobue) 6
P. monti.eola x (griffi.thii,

x etnobusl I
The following crosses

L967 z

P. strobus x stnobus 31
P. griffithii x strobus 12
P. sniffithi.i. x krnffithii

x strobusl 7
P. (gri.ffithii x strobuslx

lgniffithii x etnobus) 0
P. (griffithii x etrobuelx

5strobus
P. (monticola x peuee)x

(griffithii x strobue) 5

The following crosses were
P. (gpiffithii, x stnobuslx

atnobus 15

Seed-
linqs

23 229 8724 5313 4380

148 437L 1178 968

I 311 133 1r5

287 11255 2322 1661

2I II82 404 29t

made in 1966, were harvested in

359 1.0s57 s202
3951 993

67 2009 403

37 564 112

23 rl00 386

13 287 50

made in 19671

30

Most of the P. stnobus x attobus crosses in 1965 and
1966 vrere made to evaluate the combining ability in respect to
resistance to blister rust of certain clones available for this
purpose. The crosses involving P. gniffi.thii x strobus were
made to further test .the combining ability of one especially
promising resistance transmitter and to compare it with other
P. gniffithii and P. grnffithii x stnobus materials-
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HARD PINES

The production of a red pine or a red-pine-like hybrid,
reslstant to the European pine shoot moth and of satisfactory
growth form and growth rate continued to be the objective of
this project. The efforts to produce interspecific hybrids be-
tween red pine [P. resinosal and other species of the Lariciones
group, mentioned in the report for 1964 and 1965, resulted a
complete failure. None of the resulting seedling popul-ations
contained any red pine hybrids. Efforts to produce southern
pine hybrids, hardy in southern Ontarior have been continued.

Acquisitions+

The following populations were obtained in the form
of seeds:

Nd. seed-
Species origin No.Pops. lings 1967

P. (nigra x reeinoeal x nigna Placerville, 3 83
Calif.

. The following materials were acquired in the form of
scionsi

Successful
Species Origin Clones qrafts
P. reeinoea Orr Lake, Ont. 1 25
P. nigra x ?eeinoea P1acerville, Calif. 4 20

;*

Selection

The following elones, of above-average growth form'
hrere selected and grafted fox further testing:
P. deneiflona l4idhurst,unknown origin L 20
P. densiflona Japan, Nagano area 9 180

P. densiflora x si'LDeetris
10 200

13 used in crosses
and marked accord-
ingly

, Hybridization

The following crosses, made in 1965, were harvested
February, L9672
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Parentaqe
No. No.cones

crogges set

No. No.
coneg No. full
colrd eeedg seedg

No. geed-
llngs -
Jan. /68

P. (deneiflora x eil- 26
0eatrisl x silueetri,e

P. (densiflora x 4 I80
nignal x eiloestris

fn 1966, several P. rigi,da were crossed with P. attenu-
ata x nadiata pollen received from Placerville, Callf. in 1965
and stored in a deepfreeze. Although cone set was very good in
1956, all cones aborted subsequently, i.e. the results were the
same as in 1965 when fresh pollen was used.

In 1967, grafts of a P. Leucodermis clone received
from Holland, hrere pollinated with red pine. There $ras no cone
set after this cross in the fall of L967.

Precocious Scotch pine

In 1963 crosses were made between some precocious
Scotch pine with precocious Scotch pine of the same and of
another population, and with a t'normal[ Scotch pine. These
crosses.yielded seeds and seedlings in L964 and 1965. The seed-
lings $rere subsequently raised in the nursery and set out in a
emall test plantation at Maple. Several seedlings started to
produce female strobili in 1966 and continued in 1967. The
growthr growth form, and flowering of these materials were
tallied in 1965 and L967. No male flowers have thus far been
observed. The results of these tallies show that precocious
female flowering is under strong genetic control and that the
flowering seedlings are not inferior in growth rate compared
with non-flowering seedlings. Some seedlings with a multi-nodal
branching habit resulting from bud prolepsis combined with
strong apical dominance, have been observed. The results have
been submitted for publication.

SPRUCE

The spruce breeding project was initiated in 1964.
The purpose of this work is to select and develop spruces of
superior quality for planting in northern Ontario. In addition,
efforts are being made to produce spruce materials suitable for
growing in southern Oatario r to the south of the natural range
of white spruce.

624 150 2015 352 310

47 535 I-47 143
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Acquisitione

The
scions:

Species
P. glauoa
P. gLauoa
P. maniana
P. omorika x ?
P. onientaLis
P. aspenata

Origln
GeraLdton District
Port Arthur District
Port Arthur District
Haney, B.C.
Rochester, N.Y.
Rochester, N.Y.

No. clonee

No.
succeseful

crraf tB
58'46

38
58
68
59

following materials were acguired ln the form of

4
4
2
3
2
2

of seeds:

Species
P. glauea
P. gLauca
P. mariana
P. omonika

The following populations

Origin
Emerald Lake, B.C.
Golden, B.C.
Petawawa F.E.S.
Commercial

I7

srere acquired

No.
populations

t
I
I
I

327

in the form

No. seed-
Iings 1967

632
30s

70
1100

Selection

and some

Species
P. eitehensis x glauea F1
P. pungens
P. pungeng
P. glauea
P. glauea
P. abies
P. abies

Hybridization

2LO7

fn L967 the following spruce materials trere selected
used in hybridization:

Locality
Maple
MapIe
Midhurst
l4apIe
Midhurst
Maple
Midhurst

No. trees
9
1
2
I
I
I
3

I8

The following crosses lvere made in L965 and 1967:
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No.
trees

No.
successful

grosses

No. No.
seeds/ eeeds
cone' sown

No.
seeds
qerm.Parentage

1966
P. sehnenkiana x pungeng
P. eehnenkiana x abiee
P. eehrenkiana x meyeri
P. eehnenki.ana x eehpenkiana
P.meger.i x gLauea
P. (abies x eitehenei.el x

gLauea
P.glauca x meyeri
P. gLauea. x eehrenkiana
P. glauca x omorika
P. glauea x abies
P. glauea x pungens
P. glauea x glauea
P.glauea x self
P.pungens x onoyika
P.pungens x shnenki,ana
P.pungens x glauea
P.omorika x glauea
P. onbrika x sehrenkiana
P.omonika x pungens
P.abies x sehrenkiana
P.abi,es x meyeni
P.abies x self
1967

P.maniana x glehnii
P.maniana x wind
P.koyanai x abies
P.koyamai x mariana
P.koyamai * glauea
P.koyamai x onientalis
P.koyanai x omorika
P.koyamai x ui.nd
P. sehrenkiana x maniana
P . sehrenkiana x orientali, s
P. sehrenkiana x ononika
P. schrenkiana x jezoeneis
P. sehrenkiana x uind
P.pungens x mariana
P.pungens x wind
P.gLauea x uind
P.abies x uind

4
3
3
3
I

71 70
22

?

3
t

tt
29
29

I
51

o:t

29.3
o.7

39. 9

0.1

oloa
2.0

35. 0
1.6
0. 02

0. 03

:

L.4
0.5

1.3
?

-'.
29.2

:

0.05
0.5

1.8
70

tlr

13 13

437 425

2

I
30
30
30
I
I

t:t

84 28
2s3 199

12

::

'!' ':n

32 31
364 14
220 73

I
t
I
I
I
I
I
I
2
2
2
I
I
I
3
3
3

6
I
I
I
t
I
I
4
I
I
I
1
I
I
t
I
I

I

I

;
t
I
I
I
I

l
i, io
66

2
t

2
1

4

;
I

I
I
I

2
2

4
2
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form of
Species

POPI,AR

The production of aspen-Iike hybrids, suLtable for
growing in southern Ontario I having good growth rate and growth
form and ease of vegetative propagation, are the aime of thie
proJect. At present the main objective is the production of
new hybrids with good rooting ability from stem cuttings.

Acquisitlons

The following poplar materials hrere acquired in the
cuttings:

Clones
P. deLtoidea
P. deLtoidee
P. dettoidee
P. eunamerieana
P. eurameni.eana
P. euramenieana
P. euramerieana
P. euramenieana
P. j aekf.i.
P. maei.mouiezii
P. euaoeolens var.

Pnzedalskii.
P. tnietis

Hybridization

. The following successful crosses were

Parentage
P. (grandi.dentata x albal x caneaeens
P. (alba x grandidentatal x eanescens
P. (alba x grandi.dentatal x (alba x tremulal
P.caneseene x lal,ba x daoidianal
P.eaneseene x (alba x gnandidentatal
P. eaneseena x petrouekyana
P. tremuloides x tremula
P. tremuloidee x tremuloi.des
P. tremuloidee x alba
P. ltremula x albal x (alba x gnandidentatal
P. deLtoidee x nigna

made:

No. of crosses

Origin
France
rtaly
Ontario
F rance
Germany
HoIland
ItaIy
Spain
Ontario
Japan

HoIIand
u. s. s. R.

2
I
5
7

IO
2
9
3
I
2

I
I

44

5
2
2
I
2
1
I
1
I
1
4

Most of the crosses follow the experience of past
years. Double crosses involving two aspen species and two un-
ielated strains of P. alba were produced on a fairly large scale'
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and among the very heterogeneous seedlings a few with good root-
ing ability and other desirable characteristica were selected
for further tests. Some more recent crosseg between cottonwood
and European black poplar have been made to supply Dr. Zufa
wlth nerrr experimental nateriala.

Rootinq abllltv teete

fhe reeults of these teste ln 1956 and L967 were
rather poor, largely because of poor survival of the fall-plant-
ed cuttings. The wet spring in L967 was particularly unfavor-
able for cutting survival and establishment. This has recently
been remedied by covering the rows of planted cuttings with
stripsofp1asticmateriaI(Po1ythene}inthefal.I,coverin9
with soil over the winter and lifting the strips off in the
spring, Time will tell if this also will result in better root-
ing and survival of the cuttings
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VARIATION IN COTYLEDON NUMBER AND
SEED WEIGHT IN WHITE SPRUCE IN ALBERTA

A.K. Hellum
Fonest Reeeaneh Labonatorg, Cal.gang, ALta.

ABSTRACT

The average cotyledon number for 7 r9O9 seedlings of
white spruce from 37 samples in Alberta was 5.6,/seedling-
Averages among samples ranged between 4.8 and 6.6. These 37
samples had a high proportion of seedlings with four cotyledons
compared to samples from eastern Canada. Average seed weights
per sample ranged between L.26 and 3.24 mgrlseed giving a colnmon
average t96rO00 seedsr/pound. Any two seed samples which differed
in their average cotyledon numbers by more than 0.3 of one coty-
ledon $rere statistically different. Coefficients of variation
in averaqe cotyledon numbers per sample were the same for single
trees and groups of trees indicating that the single trees in
this study r^rere fertilized by many pollen donors. The higher
coefficients of variation in samples with low, rather than high'
numbers of cotyledons suggest white spruce gene mixing with_
black rather than Engelmann spruce in Alberta. Average seed
weights per sample in white spruce are useful for describing
differences among forest regions while average cotyledon numbers
are highly specific for each seed sample regardless of geographic
origin. The relationship between seed weight and cotyledon
number is offered as an added criterion for the distinction of
particular populations of white spruce.

INTRODUCTION

conifers produce seedlings with more than two coty-
ledons (Butts and Buchholz 1940). The number per seedling
varies within a given species, but it has been used effectively
to distinguisn fryfrias between species (Silen et aL. f965). The
number of cotyledons per seedling has also been used to des-
cribe differeirces among subpopulitions within a species (flein
1958i Sorensen 1966; Thorbjornsen 1961). In addition, the
measure of average seed weight has been used successfully as
a criterion for species characterization (Sinak 1967; U.S.D.A.
r948).

white spruce lPicea glauea (Moench) vossl differs from
P. man'tana (MiIf .) esp. and P. engelnannii Parry in number of
cotyledons (Brayshaw 1959; Franklin 1961) and in average seed
weigtrt (U. S.D.A: f 948) . Where the geographic distribution of
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white spruce overlaps that of both other species (Ftg. I) r and
where there are frequent hybrids between white and Engelmann
spruce (Horton 1959) or potential natural hybrids between whLte
and black apruce (Ltttte and pauley 1958), cotyledon number may
have value as a criterlon for descrlblng lnterspeciflc apruee
hybrtds

The maLn obJectlve of thls atudy tras to determlne Lf
there are regLonal differencee ln average cotyledon number or
eeed welght in white spruce in Alberta and if such diffefences
qre assocLated with geographic proximlty to the other spruces.
A compllmentary objective was to determine if cotyledon number
ie correlated wlth seed weight in the same species.
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MATERIALS AND METHODS

Forty different seed lots of white sPruce from dif-
ferent geographic areas are described in Table t. Twenty-three
samples r^rere collected between 1959 and 1967 from groups of wind
pollinated trees in various parts of Alberta (Fig. l)'. Dlost
of these seeds brere collected in late August or throughout
September. In addition, 14 collections rtrere made in late August
and early September in 1964 and 1966 from single wind pollinated
trees located southeast of Lesser Slave take and in southwestern
Alberta near the Kananaskis Forest Experiment Station. These
37 samples cover the range of white spruce in Alberta. The re-
maining three samples brere collected from single wind pollinated
trees near Wasagamirg, Man., in the middle of August in L964.

Average seed weights, measured to the nearest tenth
of a milligram, are shown for each seed lot in Table 2. At the
time of weighing, moisture contents of air dry seed varied
between 3t and LzZ (Table 21. AIl samples contained less than'
8t empty seeds (Table 21. Single seeds from individual trees
were r.reighed separately for correlation tests between seed
weight and cotyledon number.

' The usual germination regime of 30-20C (day-night
cycle) .which is recommended for white sPruce (U.S.D.A. 1948;
Heit 1961) was not satisfactory because it facilitated fungal
and bacterial growth which decreased total germination and
killed many germinants before cotyledons could be counted. Sur-
face sterilization with mercuric chloride (Chen and Jong f965)
was only partially effective in preventing losses from fungi
and bacteria. Best results hrere obtained when unsterilized
seeds were placed on moist blotters in petridishes in a germin-
ator which 20-lOC day-night temperatures. The seeds were
exposed to 500 ft-c of fluorescent light during the l2-hour days.

Cotyledons $rere counted 10 to 20 days after germination
or as soon as they emerged from the seed coats.

RESULTS

lTh.se seeds were kindly donated by the Albenta Fonest Service in
1967.

Cotyledon Number and Seed Weight Variations in White Spruce in
Alberta 

.

Most seedlings of white spruce had between four and
seven cotyledons. Seiedlings with three, eight, or nine cotyledons
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Table I. Geographic Locations of
Spruce from Alberta ancl
Numbers in Each Seedlot
of Collection.

40 Seed Samples of White
Manitoba. The First Two
Number Indicatee the Year

Source Seedlot
Number

Latitude
ot

Longitude
ol

Altitude
ft asl.

Grande Prairie
tl

Rocky ltttn. House
It

tl

Crowsnest

Whitecourt
Edson

il

Lac La Biche
|l
tl

Peace River
I

tl

ll

Slave Forest
tl

It

ll

ll

ll

tl

tf

Bow Forest and
Kananaskis

tl

tl

tl

ll

ll

It

ft

fl

tl

ll

lf

Wasagaming
t!

ll

54-1118 55
64-152 55
59- 89 52
61-142 52
61-149 sl
60- 4 49
60-277 49
59- 10 54
59- 60 53
60- 35 53
s9- 19 58
59- 80 57
59- 82 55
60- 27 58
59-143 59
59- I 56
67- 53 58
59- 44 56
64- 45 s5
66-169 5s
66-L7t. s4
66-172 54
66-L75 s5
66-L7 6 55
64-100 54

62- 59
64-28I
64-133
64-283
66-991
66-992
66-993
66-994
66-995
66-996
66-997
66- 13

5I
5I
5t
s0
5I
51
51
51
5t
5I
51
51

64- 3s 50
64-116BL 50
64-t16BR 50

0 5N 117
L3 117
49 115
38 115
31 114
46 1I3
52 1I4
15 tt4
58 lIB
04 117
45 IIl
15 III
05 112
25 1I8
37 LI1
16 1I7
45 I17
00 ll3
13 113
05 t13
39 r13
39 113
L2 113
L2 113
39 113

20
35
42
51
05
05
05
05
05
05
05
05

II4
115
rls
r14
r15
11s
115
115
115
1r5
115
115

50 100
50 r00
50 100

Approximate locations of three Manitoba samples:

10w
00
10
05
40
57
23
50
37
15
00
2L
26
45
L2
05
10
1B
25
53
56
56
57
57
56

45
T2
18
33
o2
o2
02
02
02
02
02
02

00
00
00

2,I50
2,100
2, 800
4,500
4, 500
5, 000
6, 000
2,300
3,000
5,000

800
750

r, 900
800
800

1r900
.I, 500
1r 900
2 ,025
2,L00
2,200
2,200
2 rO50
2 r 050
2 t200

4,904
6, 0oo
5,550
4r600
4r500
4r500
4r500
4,500
4,500
4,500
4 t500
4r500

2 1200
2 t200
2,200
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Table 2. Average Seed Weights
Seed Samples of White
First Two Numbers in
Collection.

and Cotyledon Numbers Per Seedling in 40
Spruce from Alberta and Man1toba. The

Each Seedlot Number Indlcates the Year of

Seedlot
Number

Avg
Weight

m9

Avg No.
Cotyledone/

Seedling
Seedllngs

No.

Enpty
Seeds/
Sample

t

Seed
Molsture
Content

when
Weighed

e

No.

Alberta in general except
Kananaskis, Bow Forest, and Slave Forest
64-lltB
64-L52
59- 89
6r-r42
5 r-14 9
60- 4
60-277
59- I0
59- 50
50- 35
59- 19
59- 80
59- 82
60- 27
5 9--14 3
59- 8
67- 53'

Slave Forest
59- 44
64- 45
66- 16 9
66-I71
56-172
66-L7s
65-L7 6
54- 100

62- 59
64-28l-
64-133
64-283
66-99L
66-992
66-993
65-99 4
66-995
65-996
56-997
66- 13

Manitoba
54- 35
6 4- 1168L
64-1168R

2.L
2.0
2.3
2.4
2.4
2.6
1.9
2.2
I.7
2.5
2.4
2.2
2.2
2.3
2.0
2.3
2.2

2.2
1.8
1.8
2.5
2.I
2.0
2.5
1.3

2.2
2.0
2-2
I.9
3.1
3.0
3.2
2.9
2.4
3.2
2.5
2.9

2.7
1.9
2.L

200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
2AO
200

200
t4 000

270
258
383
25L
288

2844

200
200

14000
14 000

255
268
250
501
569
248
285. 249

2665
3083
2559

5.5
5.4
5.9
5-7
5.4
5.8
5.2
5.8
4.8
5.5
5.8
5.7
6.0
5.9
5.5
5.9
5.8

6.0
5.4
5.4
6.2
5.5
5.4
6.0
4.8

5.6
5.5
5.5
5.6
5.8
5.9
5.1
6.1
5.5
6.6
5.3
6.6

5.6
6.0
5.9

59

48
1s4
r56
L72
139

61
L22
188

86
150
L26
L62
ls5
165
L82
185
L29

9
531
240
t77
323
L47
225
254

L72
117
604
400
234
227
245
481
52r
194
2sL
154

1087
276
326

3
2
2
0
I
4
7
0
6
6
6
4
5
3
I
3
z

5
5
4
4
6
4
3
4
4
4
5
6
5
4
5
5
4

I
I
0
0
0
0
0
0

4
7
5
3
0
0
0
0
0
0
0
0

4
6
5
4
5
5
5
4
5
5
5
4

L2
5
5
6
5
6
6
6

Bovr Forest and Kananaskis

0
0
0

5
5
5



(Table 3) comprieed only l.3t of the total population of 7 1909individuals. The average cotyledon number per seedl.ing for the
37 seed sources combined was 5.6. Average cotyledon numbers
among the 37 seed samples varied from 4.8 to 5.6.

Table 3. Percentage of 7 ,909 White Spruce Seedlings in each of
Seven Cotyledon Classes. Data Based on 37 Samplee
from Different Geographic Areas in Alberta.

Number of cotyledons
per seedling Per cent of seedlings

.1
6.4

34.3
47 .5
10.5
1.1

.1

3
4
5
6
7
8
9

Average number of cotyledons/seedling 5.6

Seed weights in the 23 samples donated by the Alberta
Forest Service averaged between 1.72 and 2.64 mg while average
seed weights ranged between I.26 and 3.24 mg for the 14 single
trees. The number of sound seeds per pound could therefore
range between 139r000 and 357,000 depending on parentage. The
overall average, based on all 37 samples from Alberta, was
196r000 seeds per pound.

No linear correlations coul-d be established within
Alberta as a whole between latitude, longitude, or altitude of
seed sample and either seed weight or cotyledon number. Three
dimensional plots between seed weight or cotyledon number,
altitude, and latitude or longitude did not reveal any obvious
interaction contributions from these geographic variables.

The data on seed weight and cotyledon number were
therefore grouped into seven broad forest regions to determine
if seed weights or cotyledon numbers from any one region dif-
fered from those of any other. The following areas were
compared: Kananaskis and Bow; Crowsnest; Rocky Mountain House,
Whitecourt, and Edson; Slave Lake; Grande Prairie; Peace River;
I"ac La Biche. Analyses of variance showed that there were
regional differences in seed weight but not in cotyledon numbers
at the 908 level of confi-dence. The seeds from the Kananaskis
and Bow forests were significantly heavier (95t level) than
those from the S1ave Lake Forest but no other differences were
described by this sampling material. The 18 samples collected
in close proximity to the natural distribution of Engelmann
spruce, from sites averaging 41160 feet above sea level, were
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also heavier (998 level) than those collected from the rest of
the province where the elevation averaged 1'815 feet. The 18
samples weighed on the average 2.5I mg per seed while those
distant from the mountains averaged 2.13 mg per seed

Cotyledon numbers per seedling were conpared on a
sample to sample basis disregarding geographic origins. The
among-sample variation was highly significant (99.5t leveI) as
expected beeause regional di.fferences did not exist. Any two
samples which differed in average rrumber of cotyledons by more
than 0.3 of one cotyledon were significantly different from
each other at the 99? levet of confidence (Duncan's Multiple
Range Test). OnIy one sample was distinctly different from its
closest neighbor when ranked by size. Sample 66-13 from the
Kananaskis forest produced seedlings with more cotyledons than
any other sample. Sample 54-100 fr:om the Slave Lake forest and
59-60 from Edson produced seedlings with significantly fewer
cotyledons (998 level) than aII ottrer samples.

A negative relationship exists at the 909 level of
confidence between mean cotyledon numbers per sample and the
coefficients of variation for the same means. As the mean num-
ber of cotyledons per sample decreased, the coefficients of
varia.tion increased signif icantly (Y = 0.258 0.023fX) . There
was no statistical difference between coefficients of variation
in data from single trees (0.I21) and groups of trees per sample
(0.131) nor were there any differences in standard deviations
(both with 0.70) .

Correlation Between Cotyledon Number and Seed Weight in White
Sr:ruce in Alberta and Manitoba

On a province-wide basis, the 7,909 seedlings from the
Alberta seeds demonstrated a positive correlation between seed
weight and cotyledon number (Fig. 2). Because regional differ-
ences in seed weight did exist, regional differences in the
relationship between cotyledon number and seed weight were
sought. The total sample data for Alberta were scattered geo-
graphically and allowed only one regional comparison, namely
that between the Slave Lake forest and the combined data from
Kananaskis and Bow forests. OnIy the northern samples (S1ave
Lake forest) differed significantly in slope from the province-
wide mean (953 level), but the samples from the Bow and Kana-
naskis forests were statistically different in slope from the
ones collected from the Slave Lake forest (99.58 level). The
samples from these two-regions differed in average seed weights'
as llready indj-cated, but they had the same average cotyledon
numbers.

The above relationships are based on pooled samples
of seeds from several wind pollinated trees per location. In
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3, fnom eight Loeations south east of Lesse" Slaue Lake and 12
Loeations in the Bou and Kananaskis forests.

contrast to this, individual seed weights plotted against the
coriesponding cotyledon number (Fig. 4l for individual wind
pollinated tiees illustrate different relationships. Samples
from the three trees in Alberta and the three trees in Manitoba
give very low correlations between seed weight and cotyledon
number. The highest coefficient of determination (rzl^ for all
trees was 0.15. This is less than one third of the r2 values
obtained when pooled samples of seeds from several trees were
tested (Figs. 2 and 3).

DTSCUSSTON AND CONCLUSIONS

The average
spruce in Alberta is
reported for Ontario
1958; Place 1955).

cotyledon number per seedling in white
5.6 (Table 3) which is similar to values
and the Maritimes (Ahlgren and Ahlgren
HoweverT the seeds from Alberta produced
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more seedlings with four cotyledons than those from eastern
Canada. They also illustrated a greater range of cotyledons
per seedling than reported hitherto.

The average number of seeds per pound, 196r000, repre-
senting samples from single trees and groups of trees in white
spruce in Alberta, is intermediate between those quoted in the
Woody-Plant Seed Manual (U.S.D.A. l94B) for two populations of
white spruce. The range in averages among samples (1391000 to
357,000) is also intermediate between the two given in the Seed
ManuaI.

Linear correlations between seed weight or cotyledon
number per seedling in white spruce in Alberta and latitude,
longitude, or altitude $rere not evident. Reasons for this are-
related to both environmental (Longley L967; Morgenstern and
Farrar 1964) and genetic influences. Three dimensional plots
of seed weight or cotyledon number, altitude, and latitude or
longitude of sample reveal only that the samples from the foot-
hills in general and from the Kananaskis and Bow forests in
particular are heavier than those from other parts of the Prov-
ince. These heavier seeds may be a result of altitudinal in-
fluences on seed weight (Holzer 1966; S'imak L967 ) or a result
of genetic mixing rrtith Engelmann spruce which has a heavier
seed than white spruce. They may also be heavier in comparison
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to the samples from lower altitudes if the latter are influenced
by gene mixing with btack spruce which has a lighter seed than
white spruce. Factors of site, year of collection, time of
collection in faII, and duration of storage also influence seed
weight (Baldwin 19421, but none of these are considered important
in the comparison between samples from Kananaskis and Bow vs.
Slave Lake forests. Most of these samples were collected from
single trees in 1966 at the time of peak ripeness and were
stored identically prior to testing.

Average cotyledon number per seedling varied among
samples and not among forest regions. This parameter is there-
fore more highly specific of the seed sample than is seed weight.
The observation that any thro seed samples are significantly
different if their average cotyledon numbers vary by more than
0.3 of one cotyledon and the wide range in average values (4.8
to 6.6) indicate how useful this criterion is for describing
sample differences.

Cotyledon numbers vary as much in seed samples col-
lected from groups of wind pollinated trees as in samples
collected from individual wind poltinated trees. This supports
the belief that single trees are fertilized by a large number
of different po1len parents (Sarvas 1967).

The negative correlation between average cotyledon
number and the coefficients of variation within samples furnish
indirect evidence of crossing between white and black spruce.
Genetically pure samples of either black or white spruce could
be expected to contain less internal variatj-on than genetically
impure samples of either species. Because the sample data show
greatest variation within samples of white spruce with low
average cotyledon numbers, crossing with black rather than En-
gelmann spruce is suggested. The two samples with the smallest
average cotyledon numbers were collected within the area of
overlap between white and black spruce. The decreasing internal
variation in samples with increasing average cotyledon numbers
does not lend support to a species distinction between Engelmann
and white spruce.

Most of the weight of a tree seed is composed of
matern,a.l tissues (Buchholz L946) with only about 104 directly
influenced by the poIlen. On the other hand, the pollen con-
tributes a theoretical 50S to the variation in cotyledon number
in any seed. This is the reason why seed weight and cotyledon
number are poorly correlated in seeds from individual wind
pollinated white spruce trees. The highest coefficient of deter-
mination among the six trees studied was 0.15, which is similar
to that found by Hadders (1967) for direct male contribution to
seed weight. High correlations between seed weight and cotyle-
don number in single trees can only be obtained, Lherefore, if
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seeds vary little in either seedcoat or endosperm weight withln
given seed weight classes.

Average seed weight has been shown to be a valid cri-terion for distinguishing regional populations of whlte spruce
seed. Cotyledon number has been found to be highly specific to
individual seed samples. It is suggested that a third criterlon,
usefuL in the ldentificatlon of white spruce seed samplee, is
the relationship between seed weight and cotyledon number. How-
ever, this last criterion is most useful when samples from
several trees rather than when single trees are compared.
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FOREST TREE BREEDING AND GENETICS AT
THE PETAWAWA FOREST EXPERIMENT STATION

M.J. HoIst, E. K. Morgenstern, A.H. Teich, C.W. Yeatman
Petauaua Fo?es L llrperiment, Station, Chal,k Riuen, 1nt.

This report is an outlilre of tl're work done in the last
2 years by the geneticists of the Tr:ee Riology Section at Peta-
wawa Forest Experiment Station (P.f'.8.S.)- This newly organised
section, covering forest genetic and ecologrcal studies, was
established in April 1968 with Dr. n. Carl.isle as Section Head.
Dr. Carlisle was formerly Principal Scientist at the Merler.rood
Research Station, Nature Conservancy, U.K,

Initially emphasis at Petawawa was on provenance
studies using bulk seed from a number of parent trees at each
sample location. In recent years data from these studies has
allowed the program to progress to single-tree progeny testing.
WhiIe provenance tests will eontinue, single-tree progeny tests
will receive more attention in the future.

SPRUCE

White Spruce

Provenance Studies

There are two major white spruce provenance studies
underway. The first consists of 32 provenances from the central
part of the Great Lakes St. Lawrence Forest Region (Exp no.
93). Of the 20 tests, six are in Ontario, three in Quebec' five
in the Canadian Prairies, and six in the U.S. In the western
Maryland test, Genys (f965) studied I5 provenances, planted at
an elevation of 2,800 ft. Five years after planting the sur-
vival was 99.3?. The most rapidly growing provenance originated
from Denbigh in southeastern Ontario. Provenances west of this
source showed decreasing growth in height with increasing western
longitude.

Experiment no. 93-B of the same series of 25 Ontario
and Quebec provenances was planted at Petawawa in the spring of
1958. A recent analysis of height at age 9 years indicated sig-
nificant differences among provenances. The tallest provenances
included those from Richmond, Hungerford, Dalhousie and Petawawa'
Ont. - The provenance from Potter, Ont., was the shortest. Eva-
luating provenances using average height of the 15 tallest plants'
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rather than the average of all plants made litt1e difference in
rank. Analysis of plot data in percent of surround rows resulted
in a slightly lower F test for differences among provenances and
removed enough site variation to make differences among blocks
non-significant at P>0. 10.

The second study includes 75 provenances from the
Great Lakes St. Lawrence Forest Region and contains 29 experi-
ments in North America. rn one New Brunswick experiment (I94-J)
survival was affected by provenance, date of planting, and site
affects associated with blocks (Fraser co. Ltd. ) . provenances
were planted in the same time sequence through a1I the replica-
tions rather than in random time order in each reprication.
Those provenances which were planted later in the season had an
excess of mortality attributable to the delay in planting rather
than to inherent provenance weakness. Of the provenance varia-
tion in mortarity, 58t could be exprained by sequence effect.
Provenance mortalities were adjusted by covariance to remove the
sequence effect. Blocks varied in mortality as did large areas
within blocks. rncomplete blocks of the lattice design were
inefficient in removing the "spotty" within-block site effects
on mortality.

White Spruce Single-Tree Progeny Studies

Parental crown form pen se did not appear to influence
progeny performance, either in progeny crolun form or in height,
except that parent trees with slender crowns were about 4Z talIer
and had progeny 4z talIer than broad-crowned parents. Branch
length was not heritable. Progenies from trees within stands
rraried armost as much as progenies among stands, justifying in-
dividual tree progeny tests when evaluating stands or provenances
for breeding value (Exp no. 91-A, 91-B, 92-A, 9Z-B).

Reciprocal Crossing Among Petawawa White Spruce

Six white spruce of good form were intercrossed to
provide material for studies of embryological deveropment, gene
action, combining abiliEy, heritability and isolation techniques.
Both fuIl-crown isolation tents and small isolation bags were
used to control pollination. fndividual isolation tents yielded
between 1400 and 4700 cones, while small isolation bags yielded
from t0 to L25 cones. unporrinated and serf-pollinated cones
tended to be smarler and to mature later t.han cross or open-pollinated cones. The success of these isolation techniques was
demonstrated by the absence of filled seed in the unpollinated
control bags and tents (Exp no. 331).
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Liqht Intensitv and Growth

White spruce transplants were grown ln shade (half
light intensity) and in full light in a greenhouse and in growth
cabinets. In the greenhouse natural day length was supplemented
to provide a uniform l5-hour day. The light intensity in the
cabinets varied during the photo period' with a maximum of 1r800
ft-c. Fult tight intensity promoted growth in the greenhouse,
but inhibited it in growth cabinets, comPared to haLf light
intensity. When the first and last hours of a l6-hour day con-
sisted of incandescent light only, growth was better than with
a mixture of incandescent and fluorescent light r ot fluorescent
light by itself (Exp no. 330).

pH Ecotypes

To investigate whether white spruce exhibit ecotypic
variation, seed, foliage and soil were collected from five stands
on calcareous soil and five from acid soils. Ten trees were
sampled from each of t0 stands. Foliage was analysed for N' P'
K, Ca, l4g and soil for pH, organic C, N' K, Cd, Mg, and P by
Prof. K.A. Armson, Faculty of Forestry, University of Toronto.
These ecotypes will eventually be grown in different nutrient
solutions as well as in different soils (Exp no. 340).

Heritability of wood nensity

Crosses of high x high and low x low were made (Exp
no. 359) . Seed was sown in the autumn of L967.

Genetic Variation Within the Ottawa Valley

The Pembroke area has been the source of superior seed
in earlier provenance experiments. To study genetic variation
within this area seed was collected from B0 trees in L4 stands.
The seed was sown in the autumn of 1964 and the 2-0 seedlings
were transplanted in replicated experiments in the Thomas Nursery
and in the Lower Nursery (Exp no. 292-A, 292-B) .

Black Spruce

The study of black spruce from Ontario (Exp no. 289)
was continued in the nursery experiment at Chalk River in L966
and 1967. Survival, phenoloqy and growth were measured. The
stock was used to establish two fiel-d experiments in the spring
of 1968, one at Chalk River, and the other at Swastika, Ont., in
cooperation with the Ontario Department of Lands and Forests.
Extra stock established at ChaIk River in an observation planting
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on a single-tree-progeny basis will offer good opportunities
to collect detailed genetic information from controlled crosses.

Seedlings transferred from earlier experiments at
schmalenbeck, Germany, to Reiers6r, Norway, were studied by Dr.
J. Dietrichson of the Norwegian Forest Research Institute in
1966 and L967. Phenorogy and hardiness were primary objects of
his investi-gation. Reports dealing with resurts in canada,
Germany, and Norway will be published.

A range-wide black spruce study, to be carried out
cooperatively by the Forest service of the u.s. Department ofAgriculture.and the Department of Forestry and Rurll Development,
was pranned. some seed collections were made j-n 1967, and de-
tails of the pran require further discussion. rt is hoped that
the plan will receive approval this year.

Red Spruce

In Lg67 the two plantings of the red spruce provenance
experiment at Chalk River were measured (Exp no. 95-G, -H). A
third experiment (Exp no. 95-N), located at the university of
Toronto Forest at Dorset, ont., was measured by Prof. G.M. wilson
of the university. An assessment of winter dessication (parch
blight) of Exp no. 95-H showed that the damage was significantl-y
correlated with the hybrid index determined in earlier studies
of red spruce-black spruce introgression in the same material.
strongly introgressed provenances were more resistant. Report.s
dealing with results are in preparation.

The first complete measurement of Exp no. 95 is
planned for 1969 when the trees will be 15 years old.

Exotic Spruces

Norway Spruce

New winter-hardy and weevil-free trees have been
selected and propagatedr particularly fast-growing individuars
from rstebna, Poland, (Exp no. 304). several new famities have
been produced by controlled pollination of weevir-free trees.
These are from second generation plantations in canada of theProulx, P.Q., and the Hudsont s Place, p.F.E.S. Ont. families,
and from Riga and Burtneiki, Latvia, and Valen Bistrei-, Roumania
(Exp no. 308-8). The 35 mother trees were taken in groups of
five and each group was crossed to a different pollen parent.
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Two nursery provenance experiments (Exp no. 277 and
310-A) were transplanted. Extreme southern provenancee from
Yugoslavia and Bulgaria were sown to sample thie part of the
Norway spruce range (Exp no. 350).

Mr. iI.G. Worrall of YaIe Universlty recorded leader
and camblal growth in Norway spruce cloneg. in the Arboretum
(P.A. 101 at P.F.E.S.) as part of a study of wlthln clone varLa-
tlon in comparieon wlth individual tree and provenance varlatlon
ln phenology (Exp no. 353). An observatlon tower was bullt to
facilitate measurements of these tall trees.

Norway spruce $ras crossed with a number of exotic and
native spruces (Exp no. 34f-D). The seed from these crosses is
being studied

In 1966 seed was sown of Carpathian, German, and
Latvian provenances (Exp no. 320-A) and of Czechoslovakian sin-.
gle tree progenies (Exp no. 32f-A) . Samples from these seedlots
were sent to our Maritimes Region, New York, and Maine where
even the southeastern types should be both hardy and fast growing.

Other Exotic Spruces

The spring of 1967 was notable for prolific flowering
in spruce and the following interspecific crosses were made:
Pieea v,ubens and P. mariana hrere crossed with P. asperata, P.
glehnii, P. jezoeneis, P. koraiensis, P. koyamai, P. omoriea"
P. orientalis and P. sehnenkiana. Pieea glauea was crossed with
P. abies, P. asperata, P. glehnii, P. iezoensis, P. orientalis
and P. schnenkiana. Pieea abies was crossed with P. aspenata,
P. glehnii, P. jezoensis, P. koraiensi,s, P. omoriea, P. onien-
taLie, and P. sehnenkiana. Pieea koraiensis was crossed with
P. abies, P. asperata, P. glauea, P. iezoensis and P. orientalie.
Pieea a.sperdta was crossed with P. abies, P. glauea, P. iezoensi.e,
P. koyamai, P. koraiensis and P. orientalis. These crosses are
part of a cooperative study of crossability in spruce and the
cones were sent to Dr. D.P. Fowler, Maritimes Region for further
study.

Seventeen clones of Pieea sitchensis x glauca and P.
sitehensie x omori,ea obtained from Ekebo, Sweden, were grafted
fot further study of their hardiness. A number of grafts and
seedlots of various exotic spruces and spruce hybrids were field:-
planted (Exp no. 223-A, 223-8, 223-C and 244).
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PINE

Jack Pine Provenances

Entire Range

A revi-sed issue of the provenance description and
climatic data for the all-range provenance experiment was com-
piled (Holst 1967).

Two all-range jack pine provenance experiments con-
taining 98 provenances have had the following characteristics
recorded and analysed: height, survival to frost and ScLero-
dev,v,is Lagerbergti Gremmen, needle fresh and dry weight. Charac-
ters which have been recorded but not analysed were lammas and
prolepsis growth, double leaders, branch number, length and
angle. Twenty-nine of these provenances were studied for phen-
ological characteristics at P.F.E.S. (Exp no. 326) and for wood
development by Dr. R.W. Kennedy, Forest Products Laboratory,
Vancouver, B.C.

After four growing seasons provenance heights varied
from 28 to 99 cm at Petawawa (Exp no. 255 A-2) and 17 to 56 cm
at Longlac (Exp no. 255 A-1). Provenances from locations with
high daily mean temperatures during May, June and JuIy tended
to be tallest in both locati-ons.

Survival to frost at Longlac was more closely related
to May, June and July temperature at origin than to all other
climatic indices tested (which included indices of growing
season length and of winter temperatures). Low sufitner tempera-
tures at origin was associated with frost tolerance. Because
of the absence of frost stress at Petawawa these differences
were only evident at Longlac.

In 1966, ggT of the trees at Longlac had to be removed
because of infection and death caused by the Ascomycete ScLero-
derz,is Lagerbengii Gremmen. Several provenances had a larger
percentage of remaining plants than one would expect if the
distribution of disease among provenances was random. The three
provenances with the highest survival percentage were from a
small area in northeastern Quebec. These provenances exhibited
distinctive characteristics in the Petawawa experiment: they
tended to have a high dry to fresh leaf weight ratio, which was
proportional to their survival percentage, and they tended to
begin seasonal growth early in the year, i.e. May 2 or May 3.
By June 13, 1968, most of the survivors at Longlac were still
growing vigorously and appeared to be healthy although many had
branch or stem cankers. These vigorous survivors are being
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propagated by grafting and by seed
further study. Inoculations will
or 1969.

from open-pollination for
be attempted either in 1958

varied in dry-to-fresh needle
Those with low ratios were
Longlac had low survival to

At Petawawa, provenanees
weight ratios from 0.43 to 0.51.
generally from the south and 24 at
frost and Scleroderris canker.

Phenology of individual trees was studied within each
of 29 provenances grown at Petawawa (Exp no. 326). The growth
period, defined as the number of days between I and 99? of total
seasonal growth, was calculated from the data transformed pro-
bits.

The mean growth period was from May 6 to JuIy 6 during
which the leaders grew a mean of 450 mm. Of the 29 provenances
studied intensively, Mistassini Post, northern Quebec, had the
earliest date of growth initiation, and Fife Lake, southern
Michigan, the latest (May I0). Rigley, N.W.T., had the earliest
date of growth cessation (June 28) and Mosinee, Wis., the latest
(July 12). Generally, provenances which grew later had longer
leaders.

In a cooperative study, Dr. V. Chalupa and Dr. D.J.
Durzan studied free sugars, amino acids, and soluble protein in
the embryo and female gametophyte of seed obtained from 14 wide-
Iy sca.ttered sources across the natural range of jack pine (Exp
no. 318).

Compared rvith seed of southern origin, seed from the
north and northwestern part of the range was smaller, but higher
in proportion of female gametophyte, percentage of free sugars
and free amino acids, concentrations of soluble proteins in the
embryo that were associated with higher proportions of reserve
protein and sugars in the female gametophyte. In seed of
southern origin the proportion of soluble protein was low in
both embryo and gametophyte tissue, but relatively more was found
in the embryo: a biochemical state nearer to germination.

Resin samples of 52 jack pine provenances were col-
lected in the Petawawa Forest Experiment Station all-range jack
pine test for a study of geographic variation in oleoresins by
Prof. G.R. Stairs, Syracuse Universityr N.Y. (Exp no. 35I).
Preliminary evatuation indicated IittIe systematic variation
among provenances and detailed statistical analysis will follow
when supplementary collections of resin have been analysed by
gas chromatography.

Cooperators made survival counts and replaced losses in
field plantings of the all-range jack pine provenance experiment
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(Exp no. 255-E)
planting sites
and protection

Lake States

in nj-ne locations in Ontario and Quebec. A11
were visit.ed and arrangements for maintenance
were made.

Sixteen Lake States jack pine provenances were eval-
uated for consistency of height growth in plantations in
Ontario (Exp no. I25\, llichigan, Wisconsin and Minnesota (Xing
1965). Northern provenances (47-48"N) and southern provenances
(44-45'N) contributed much to the interaction and were incon-
sistent, while central provenances (46'N) were consistent and
contributed little to the interaction. An apparent reason for
differences in stability is the distance of movement from the
area of origin to the planting site, which was least for the
central provenances. Increases in height were obtained by
growing southern provenances 2-3 degrees north of their origin.

Jack Pine Provenances - Hybrids

A new set of 50 jack pine provenance hybrids and their
control provenances were fietd planted in seven test areas along
a transect from southern Ontario to northern Quebec (Exp no.
268-E). A limited number of provenances were planted at Univer-
sit6 Laval by Prof. L. Parrot and in New Brunswick by Mr. H.G.
IrtacGiIlivray.

Jack Pine Proqgnv Tests

In a natural jack pine stand one tree with good stem
form, one of average stem form and one of poor stem form were
each crossed to three other trees of the three stem forms at
distances of 50, 100, 20O,400 and 800 yards away. A similar
transect was made in a second stand. Seed will be collected in
1968. we intend to study heritability of stem form as well- as
groruth and other characteristj-cs (Exp no. 345).

Seventy-five single trees of jack pine representing
five types of stem form and some extreme types of branch form
were crossed. These crosses will be compared with open polli-
nated controls collected from the upper and the lower part of
the crowns of the same trees (Exp no. 329) .

Open-pollinated progenies were collected from five
trees in each of two sLands in each of five areas along the
Ottawa Valley from Petawawa to Deux Rivieres (Exp no. 332).
Detailed measurements were made of parental trees and butt logs.
Stem discs were removed at 5-ft intervals for growth analysis.
Additional small seed collections were made from the crown apex
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of each of five trees in each of the l0 stand's as a check on
sampling position. Seed was extracted and records kept of seedyield, seed size and viability. A progeny test was conducted
for 3 months in growth cabinets. Genetic variation in epicotyl
(shoot) length relative to error variation rdas small owing to
uncontrol-Ied environmental variation within the cabinets.
Future tests of this nature will be designed to minimize the
effect of this variation which was related to exposure to air
movement and the arrangement of the pots within cabinets. A
nursery test was sown in 1968. This material will provide in-
formation from t,he nursery and will later be planted in the
field for further studv.

Scots Pine

In the fall of L967, the Russian Scots pine provenance
experrment was measured (Exp no. 201'A) and will be compared
with other experiments planted in Ontario and the Prairie Prov-
inces.

Cones were collected from controlled crosses of 10
clones for a heritability study of Christmas tree characteris-
tics, weevil resistance and eastern ga1l rust resistance. A
complete reciprocal crossing scheme was used (Exp no. 272-D) .
Four-year-old plants were scored for their suitability as
Chrj-stmas trees (Exp no. 272-A) .

A number of new Christmas tree selections was made
from observation plots planted for this purpose in P.A. 114.
Six clones from Scotland, 16 clones from Schwarzwald, Germany,
and four clones from southern Ontario were grafted for further
evaluation. C.E. Heitf s Scots pine Christmas tree provenances
were sown for further testing and selection in the more severe
climate at Petawawa (Exp no. 3421.

Within a number of progenies of controlled crosses,
some individuals bore cone-clusters in the autumn of the fourth
growing season. The mode of inheritance of the cone-cluster
effect was analysed. One particular clone, clone 847, trans-
mitted precocious flowering to a percentage of its progeny in
each of the several crosses in which it was involved (Exp no.
272) .

A clonal test was established to study eastern
ga11 rust resistance, weevil resistance, and Christmas tree
characteristics (Exp no. 80-open and 280-B). Three-year-old
seedlings of controlled crosses were rated for their potential 

_

as Chriitmas trees on the basis of needle color, hardiness, and
branch form (Exp no. 272-A). As the parents were of mixed
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origin these progenies are guite variabre. However, a few of
the combinations appear to give an acceptable percentage of
good plants. rn 1966 nehr crosses were made to explore genetic
resistance to eastern gaII rust lCnonartiun quereuuml and weevil
IPissodes stnobi] resistance. A complete reiiprocal crossing
scheme was used on I0 clones.

Red Pine

Cones were collected for the study of provenance
hybrids between red pines from Trout Lake, Wis., and Angus and
Petawawa, ont. spraying with insecticide (Lindane) was effec-
tive in reducing seed losses from cone boring insects. Seed
was sown in L967 in Wisconsin, New Brunswick, and Ontario
(Petawawa), but the Wisconsin sowing failed (Exp no. 305).

A number of grafted selections and provenance material
were field planted

In the autumn of ir967 eight provenance experiments
and two single-tree progeny tests were measured. Exp no. 2L6-C
near Dryden, Ont., was measured by the Sioux Lookout District,
of the Ontario Department of Lands and Forests.

Other Pines

A number of straight-stemmed mugho pine were selected
for further trial of suitability as Christmas trees and for
species hybridization.

Various lodgepole pine x jack pine hybrids as well as
jack pine provenances were planted by Kimberly-Clark Paper
Company at Long1ac, Ont., (Exp no. 300-C) and by Universit6
Laval near Quebec, P.Q.

Inducement of Trees to Flower

In mid-June, 1965, 25-year-old red pines in Drury
Forest in southern Ontario were fertilized with ammonium nitrate,
ammonium sulfate and potassium nitrate for studies of the flower
inducing effect of the ammonia and nitrate ions (Exp no. 315).
The 1966 flower count gave the following results: ammonium
nitrate (I7 gm N,/m2) tripled female flowers and reduced male
flowers by l5t; the ammonium sulfate (A gm N,/m2) increased
female flowers by 274* and reduced male flowers by only 3t;
potassium nitrate (g gm/m?) increased female flowers by 2462 and
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increased male flowering by 38. Thus ammonia and nitrate appear
to have similar effect on stimulation of female flowering but no
effect on male flower formation. OnIy the ammonium nitrate fer-
tilizer reduced male flowering.

A similar experiment was started June 29, 1965r-in
the Pine Graft Arboretum on the Peta$rahra Forest Experiment
Station where grafts of red pine, jack pine, Scots pine and
mugho pine were given ammonium nitrate, ammonium sulfate and
potassium nitrate, Here the fertilizer applications were ad-
justed to equaL amounts of nitrogen (20 g N/mz) (Exp no. 316).
Over the winter the Scots pine was severely damaged by pine
grosbeaks. Although flowering r^ras abundant this damage ruined
the experiment. The red pine did not flower, perhaps because
of late application of the fertilizer. The mugho pine flowered
abundantly in response to ammonium nitrate. Date of application
was too late for jack pine. The general fertilizer effect will
be estimated from the L967 flower count, and the flower stimu-
lating effect of early application in L967 from the l-968 flower
count.

NURSERY AND VEGETATTVE PROPAGATION

During the last few years greater emphasis has been
paid to uniformity of the soil in the seed beds. The Dunneman
bed was tried for some years, but it was found rather difficult
to hrater and the seedling top/root ratio was too high, especially
in the pines.

The seed bed medium used at present is a mixture of
three parts nursery soil, three parts hardwood soil, two parts
spruce litter, two parts pine litter, and one part compost.
The growth of the seedlings in this medium has been good and
the health satisfactory.

A grafting experiment demonstrated that it is possible
to stimulate growth of scions from very mature white spruce trees
by grafting them on the leader directly u'nder the terminal bud
and leaving the branches of the rootstocks unpruned (Exp no. 24Il "
Three years after grafting the scions had grown into sturdy,
straight grafts, while scions grafted low on the rootstock still
grew like side branches after 6 years. At this time the average
length of top grafted scions was 207.2 cm compared with 83.5 cm
of the low grafts. Cuttings from the stimulated grafts showed
that a partial rejuvenation had occurred. Table I lists the
rooting of 8 top-grafted clones plus control. The control cut-
tings were taken from 50 trees of one population growing in the
nursery.
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In the spring of L967, tbro slow growing and two fast
growing provenances were grafted in all possible combinations (f6)
The purpose was to see whether the qrowth rate of the rootstocks
woulcl influence the growth of the grafts and if the slow growing
rootstocks would have a flower inducing effect.

Tables 2 to 4 summarize operations in the nursery, and
veqetative propagation from 1966 to L96?.

Plantations

Thirty-four experiments including 37,4L9 seedlings
covering 30.93 acres brere field planted at the Petahrawa Forest
Experiment Station during L966-67. An additional 2,338 grafts
hrere planted on 5.4I acres (Tables 5 and 6).

Another 18 experiments were planted by cooperators in
Canada. These include 55r92L seedlings which lrtere planted on
50.12 acres (Table 71.

TABLES

Table I. Rooting of Cuttings Taken from Top-grafted Scions

Vegetative
propagation

No.

Age of
ortet

Number
rooted

cuttings
of 50

Rooting
g

Control

v.74

v.76

v . 1226

v . L227

v.1265

v.1266

v . L267

v.1268

T4

r75

180

100

r00

LL2

4I

70

160

24

0

I

48

I6

TO

l0

l3

20

1B

26

2

I
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Table 2. Sowing of Tree Breeding !'taterial

Exp No. TitIe No. of
eeedlots

320-A

321-A

329

308

278

342

341-A, B

303

34 8-A

350

328

3 05-B

I. Fall 1.965 and Sgrinq 1966 in Nursery
Comparison of Roumanian, Czechoslovakian,
Latvian, German and Polish Norway spruce
Trial of 20 Czechoslovakian single tree
progenies of Norway spruce
Heritability of stem form in jack pine
Progeny test of winter hardy and weevil-
free Norway spruce selections from Latvia,
Roumania, Proulx Plantation and Hudsonr s
Place by controlled pollination
Selection of hardy pl.ants in Douglas fir
provenances
Trial of C.E. Heitr s Scots pine Christmas
tree provenances
Rootstocks and odd lots
TotaI number of seedlots

II. Spring 1966 in Greenhouse

Interspecific spruce hybrids made 1965 at
Maple and P.F.E.S.
Selection of hardy Thuia pLieata individuals
from interior provenances and production of
hardy Thuja pli.eata hybrids
Total number of seedlots

III. FalI 1966 and Spring 1967 in Nursery
Provenance hybridization in white spruce from
Boreal and Great Lakes-St. Lawrence Region
crossed with Petawawa

Trial of four Yugoslavian Norway spruce prov-
enances and 55 Bulgarian Norway spruce single
tree progenies from two regions' with three
controls
Trials of exotic Abies species
Provenance hybrids between red pine from
Trout Lake, Wis., Angus, Ottt., and Petawawa

Rootstocks and odd lots
TotaI number of seedlots

26

15

20

151

r87

34

18

30

304

45

3

4B

62

24

2L

23

317

B9



Table 3. Transplanting of Tree Breeding Material

Exp No. Purpose and Material No. of No. of
seedlots plants

272

267

255-E
324

252-A
252-B

277

3 10-A

292

278

34 1-A

34 I-B

I. Transplanting, Sprinq 1966

Progeny testing of Scots pine clones
for Christmas tree selections, winter
hardiness, weevil resistance and early
flowering
Addition to Dr. Brittain's birch
collections
Replacement plants
Hybridization of jack pine and Virginia
pine
Replacement plants
Replacement plants
Rootstocks and odd lots
TotaI

II. Transplanting, Spring 1967

Provenance experiment with eastern and
southeastern types of Norway spruce
Trial of Polish Norway spruce prove-
nances from native stands on both sides
of the spruce-free corridor
Investigation of population structure
in loca1 white spruce
Selection of hardy plants in Douglas
fir provenances
Interspecific spruce hybrids made
1965 and 1967

Interspecific spruce hybrids made
1965 and L967

Rootstocks and odd lots
Total

63

40

55

10

9

10

L2

12,181

467

4 r343

1,583
662

203

25

24

89

5, 848

199 25 r287

IO

6

24

16

L94 96,523

24,42r

2L,722

3I r7 37

353

438

s36

L7 ,416
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Table 4. Grafting of Tree Breeding Material

No. of
clones Specles and Origln No. of

grafte

26

II
10

I
4

I
I

14

L2

5

5

7

10

4

I6

2

2

2

4

f . Grafting, Winter 1965,/65

Pinua neeinoea, Angusr Ont. 390

Pieea glauoa, selected for high density wood 275

Pieea glauca, selected trees from Headquarters
stand 250

Picea abiea aeroeona (Schmalenbeck, Germany) I0
Picea abiee aerocona x P. abies (Schmalenbeck'
Germany) 40

Pieea abies oingata (Schmalenbeck, Germany) 10

Thuja standiehi,i x pLieata x oceidentalie
(Denmark)

Thuja plieata, (Dennark)

Thuja pl-i,eata x standishii (Denmark)

Thuja etandishii (Denmark)

Thuja oecidentalie v. fastigi.ata
TotaI

5

70

60

25

25

770

II. Grafting, Winter 1966/67

Pieea eitehensis x glauea (Ekebo, Sweden) 80

Pieea sitehensis x omoriea (Ekebo, Swedenl 29

Pinus nugho nostrata, Christmas tree selections
from P.A. 114 80

Pinus syLuestnis, Schwarzwald, Germany via
p.A. LzO 240

Pinus sgLuestris, Ross-Shire, Scotland via
P.A. r20 30

Pinue syLoestri,s, Rannoch, Scotland via
P.A. Lzo 30

Pinus syLuestris, Achnashellach, Scotland via
P.A. L2o 30

Pieea abies, .Istebna, Poland via P-A. I14 B0

Totar 659
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Table 5. Field Planting
Petawawa Forest

in 1966 and L967 at
Experiment Station

Exp No. Description No. of
plants

Area Plantation
acres area no.

86-open

86-open
207-C

2T7-E

252-A

252-B

255-E-2

265-A

265-B
265-C

266-A

267 -A

258-E-2

268-E-6
285-A,B

290-B

I. Seed Plants 1966

Single tree progeny of Scots
pine after controlled and
open pollination

Provenance hybridization
in red pine
Testing of Japanese birches
Laris provenances from
Czechoslovakia and via
Denmark

BotanicaL collection of
Larir koraiensis, L. gmeLini,
L. sibiz.iea and .[. japonica

]-32

1r000

2rL75
130

LrrT6

for observations 400

All-range jack pine prove-
nance experiment L0 1778
Danish, Swedish selected
slender Norway spruce plus
trees and east German plus
stands on t.rial for winter
hardiness and weevil re-
sistance 190

,: ''3811r400
Testing of European Scots
pine plus stands 793
Testing of Dr. W.H. Brittai-n's
Canadian white birches 1,145
Provenance hybridizaLion in

L,42rjack Pine 
,, 333

Study of European birch x
Be tula papyrifera hybrids
Progeny testing of needle-
blighted and healthy white
pine trees from Petawawa
F. E. S.

460

0.44
0. 83

1.80
0.18

0.97

0.92

8.90

0.31
1.23
0.51

0.56

1. 05

t.L7
1. 10

0. 53

115

131

101

114

114

I14

131

I16
114

114

131

114

13r
1Is

114

92

60 0.20 11s



Table 5 (continued)

Exp No. Description No. of Area Plantation
plants acres area no.

307-B Species and provenance

307-C

hybridization with Appal-
achian red spruce P.
mariana x nubene. P. rubene
x nariana (Manitoba bs.
crosses with Appalachian
rs. )

(P. mari,ana x nubenel
Total number of 1966
seedlings

If. Grafts
25 ,7 41 2L.43

86-open Selection of Scots pine
for seed orchard purposes I14 0.38 L29

119-open Selected clones of Russian' Nore'ray spruce via Wisconsin,
Thomas Field P.A. 103 and
Michigan 299 I.00 116

ll9-open " 565 I.29 104

213-C
and Trial of Pieea omoniea 60 0.20 lt5

244

242-open Selection of white spruce
plus trees 60 0.20 116

244-open Selection and testing of
exotic spruces. (Pieea
asperata, P. jezoensis, P.
hondoensis x glauea 15 0.03 I32

244-open " 20 0.07 116

275-LA Selection of weevil re-
sistant Norway spruce PIus
trees of the Proulx Plant-
ation in Grand' Mere, Que. 73 0.24 116

275-LB Selection of weevil re-
sistant Norway spruce Plus
trees of the Proulx plant-
ation in Grand' Mere, Oue. 244 0-55 104

557 0.46 133

zLO 0. 17 133
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Table 5 (continued)

Exp No. Description

275-LC Selection of weevil re-
sistant Norway spruce
plus trees from the
"manure plot" of the
Prou1x plantation in
Grand' Mere, Que. 50 0.17 116

275-2A Selection of weevil re-
sistant Scots pine plus
trees from the Proulx plant-
ation in Grand' Mere, Que. 20 0.07 115

280-8-1 Testing of Scots pine clones
for weevil resistance 3I0 1.00 115

280-8-2 " 465 l. 06 131

322-A Trial of the "Rosendahl',
spruce (Pieea gLauea x
marianal Zg 0.09 116

322-8 r' 15 O. 05 133

Total of grafts, L955 2,338 6.41

No. of Area Plantation
plants acres area no.
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Table 6. Field Plantings of Seedlings in 1967

Description No. of Area PlantatLon
plants acrea area no.Exp No.

5-D Breeding of weevil re-
sistant and weevil sus-
ceptible Norway spruce
by means of intra-
specific hybridization
of the Norway spruces on
Hudsonr s Place 1'515 I.25 114

72-C One parent progeny test
with red spruce, red x
black spruce hybrids and
black spruce

Group I Petawawa bs x rs prove-
nances 458) 1I3

Group II Kapuskasing bs x rs prov. 981 O.ZS 133
,

Group III St. Zenon bs x rs prove- )
. nances 346) 133

Group IV P. nubens x rubens 202 0.33 133

Group V P. l(mariana x nubens) Fl
x (mariana x ?ubens) ff]
E2 1,0651

Group VI P. l(maniana x nubens) rf I O.SZ 133
x (mariana x nubensl irl* )

F2 ' -L' 
483)

207-D Provenance hybridization
in red pine I,052 0.87 I01

207-E " 54 0.16 115

223-A Engelmann and white spruce
types from the Columbia
Forest Region on trial in
Eastern Canada 342 0;58 I14

223-8 '!l

(Ungraded lots) 11700 1.45 1I4

223-C Engelmann and white spruce
types from the Columbia
Forest Rdgion on trial in
Eastern Canada (semi-graded
lots ) I, 300 1 - 08 114
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Table 6 (continued)

Exp No. Description No. of Area Plantation
plants acres area no.

244-open Selection and testing of
exotic spruces (P. pungens,
P. omoniea, P. orientalts
and P. glehnii) ZOO 0.33 116

244-open " 149 0.12 114
(P. pungens glauca)

267-A Testing of Dr. W.H.
Brittain' s Canadian white
birches (1967 addition to
L966 planting) fgZ 0.2L 114

279-A Selfing of P.F.E.S. white
spruces L77 0.15 1I4

279-9 " 20 0.03 116
' 284-A Single tree progeny test

of Abies fz,aseri for
further selection of
winter hardiness 238 0.20 125

328-A Trials of exotic fir
species (Abies fraseni"A. hoLophyLLa, A. saeha-

32 8_B 
Liniensis and .4. ueitehi.il L97 0.33 L32

395 0.23 l-25
' 352-4 Comparison of l-oca1 white

spruce with selected Cana-
dian Norway spruce stands 11505 0.85 I14
Total number of seedlings,
1967 It,67 8 9.5
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Table 7. Plantations
Cooperatlng

Established in 1966 and 1967 by
Agencies

Exp No. Deecrl,ptLon No. of Area
plants acres

Agencies
and

location

I. Seed Plante 1965

255-E-I

255-E-3

255-E-4

255-E-5

255-E-6

255-E-7

255-E-8

255-E-9

2 55-E-10

2s5-E-11

All range jaek pine
experiment

4.O2 Ont. Dept. of
Lands and Forests,
Southern Research
Station, Maple,
Ont.

5.00 Ont. Dept. of
Lands and Porests,
Swastika District.

4.00 Ont. Dept. of
Lands and Forests,
Cochrane District.

1.50 Ont. Dept. of
Lands and Forestsl
Sudbury District,
Espanola Division.

1. 93 ltlarathon Corpora-
tion of Canada,
Marathon, Ont.

3.11 Ont. Dept. of
Lands and Forests,
Port Arthur Dis-
trict.

2.18 Ont. Dept. of
Lands and Forests,
Sioux Lookout Dis-
trict.

5.22 Canadian Inter-
national Paper Co"t
Montreal, Que.

5.62 Canadian Inter-
national Paper Co.,
Montreal, Queo

3.00 Dept. Forestry &

Rural Developmentt
Maritime Region,
Fredericton, N.B.

4r 966

4 t866

5;L94

2,340

2 t34O

4,116

2.640

3 r552

3, 930

3r740
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Table 7 (continued)

Exp'No. Description No. of Area
plants acres

Agencres
and

location

255-E-L2

268-E-1

26 8-E-3

268-E-4

268-E-5

268-E-8

268-E-9

87 ,268
and 300

hybridi-
jack pine

3r740

Lr42IProvenance
zation in

All-range jack pine
experiment

3.00 Dept. Forestry &

Rural Development,
Maritime Region,
Fredericton, N.B.

1.17 Ont. Dept. of
Lands and Forests,
Southern Research
Station, Map1e,
Ont.

0.90 Ont. Dept. of
Lands and Forests,
Sudbury District,
Espanola Division.

1.00 Ont. Dept. of
Lands and Forests,
Swastika District.

1.17 Canadian Inter-
national Paper Co.,
Montreal, Que.

5.00 Dept. Forestry &

Rural Development,
Maritime Region,
Fredericton, N.B.

1.00 Universit6 Laval,
Quebec, Que.

I.20 Kimberly-Clark
Paper Co. Ltd.,
Longlac, Ont.

Provenance
zation in

hybridi-
jack pine

1,421

rr 42L

lr42L

5,000

L,573

Total seed plants,
1956 54,581 48.92

II. Seed Plants L967

Testi-ng of jack pine
provenances, prove-
nance hybrids, lodge-
pole and jack pine
hybrids on dry and
wet sites
Tota1 seed plants,

l-967

I,340

L,340 1.20

9B



REFERENCES

Genys, John B. 1955. Growth potentials of fifteen provenances
of white spruce from Canada, tested in Mary1and.
Chesapeake Sci. 6(2lz 82-85.

HoIst, M.,.7. L967. All-range jaclc pine provenance experiments,
Petawawa Foreet Experiment .station, Chalk River. Internal
Rep. PET-P5-6. L44 pp.

King, ,James P. 1965. Ten-year height growth variation in Lake
States jack pine. U.S. Res. Pap. NC6.

PUBLICATIONS

Holst, M.J. and Teich, A.H. 1966. Potential genetic improve-
ment in white spruce in Ontario. Bi-mon. Res. Notes.
22 (5) 26.

Holst, M.J. 1967. Summary of Canadian utilization of tree'gene resources. FAO Technj-cal' Conference on Exploration,
Utilization and Conservation of Plant Gene Resources.
Rome. 2 p.

Morgenstern, E.K. Genetic variation in seedlings of Pieea,- maniana (Mi11. ) BSP. f. Correlation with ecological
factors. II. Variation patterns. Silvae Genetica.
(In press).

Russell, w.A. and Teich, A.H. 1967. Selection in Zea mays L.
by inbred line appearance and testcross performance in
Iow and high plant densities. Iowa State Univ. Res. BuII.
No. 552.

Teich, A.H. 1.967. Resistance of jack pine to ,SeLerodetrie
Lagerbergii Gremmen. Bi-mon. Res. Notes. 2325.

Teich, A.H. 1968. Foliar moisture content as a criterion for
resistance to frost and Scleroderris canker in jack pine.
Bi-mon. Res. Notes. 2423.

Von RudIoff, E. and Holst, M.J. 1968. Chemosystematic studies
of the genus Pi.eea (Pinaceae). III. The teaf oil of a
Picea glauea x mari,ana hybrid (Rosendahl spruce). Can. J-
B9t.46z1--4.

99



Yeatman, C.W. 1967. Environmental control in relation to
forest genetics research at the Petawawa Forest Experiment
Station. Proc. 10th Meet. Comm. For. Tree Breed. in
Canada, Vancouver, B.C. 1966. Part II: 155-158.

Yeatman, C.W. L967. Biogeography of jack pine. Can. J. Bot.
452220L-22I1.

Yeatman, C.W. 1967. Geographic variation of Pinus banksiana
seedlings. In A Review of Silvicultural Research in Jack
Pine. Can. Fp. Forest. Rural Dev. Publ. No. 1173. p 207.

Yeatman, C.W. and Ho1st, M.J. L967. Correlations between con-
trolled environment and nursery-grown seedlings of jack
pine provenances. Proc. 14th. Northeastern Tree Improve-
ment Conference, Toronto, Ont. (1966). pp 24-30

t00



WOOD FORMATION IN JACK PINE SEEDLINGS
OF VARIOUS PROVENANCES

R.W. KennedY
Fonest Produets Labonato?A, Vaneouter, B.C.

The objectives of this study are to determine the
degree of variation existing in certain xylem characteristics
among 29 widely distributed provenances of jack pine lPinue
bankai.ana Lamb. J , and to correlate variations in xylem forma-
tion and structure with vegetative growth patterns of the seed-
lings.

The provenances studied were selected in consultation
with M.J. Holst from the larger sample of seedlings included in
his all-range jack pine provenance experiment (Ho1st f963).
ThesesamesourcesarecurrentIybein9studiedphenologica1ly
by A.tl. Teichr ds reported elsewhere in this volume. The 29
provenances were selected along major transects, to generally
give a northern, intermediate and southern source (Table 1).
The results reported here are only for the Petawawa-based ex-
periment. The experiment has been replicated at Fredericton,
N.8., but a complete set of data is not yet available from this
test location.

MATERIALS AND I{ETHODS

Five 4-year old seedlings from each source were rdrl=
domly selected to study their growth during the L966 growing
season. To mark the progress of annual increment formation,
these seedlings were subjected to a minute mechanical injury at
the base of the Z-year old (1964) internode three times during
the growing season. The technique used was essentially as that
desciibed by Wolter (1967); this involves inserting insect pins
(0. 15 mm diam) through the bark normal to the surface of the
stem until a firm resistance is met, dt which time mature wood
is encountered. The cambium and differentiating zone react to
this minute injury by producing traumatic cells which can be
detected microscopically after sectioning the stem transversely.

The inner boundary of the wound in effect marked the
extent of mature tracheids developed by the tree up to the time
of puncturing. That.the entire differentiating zone was affect-
ed by wounding was shown by an experiment (Neilson 1965) in
which potted ieedlings hrere simultaneously punctured and tilted
60 degrees from the vertical in order to form a reaction arc
(fennedy and Farrar 1965). When seedlings were so treated for

r0t



a 3-day period, a reaction arc of heavily lignified tracheids
was produced coincidentally with the inner side of the wound
tissue. Since short tilting periods induce tracheids in the
final stages of differentiation (f to 2 days from maturity) to
lignify excessively, the inner boundary of the traumatic marker
may be taken to represent the approximate interface between
mature tracheids and those in the last stage of differentiation.

If puncturing was delayed for 3 days after returning
the seedlings to the upright position, the traumatic marker was
located after the reaction arc (Fig. 1), whereas if the punc-
ture was made 3 days prior to tilting, the wound tissue was
positioned before the reaction marker (Fig. 2). This bracketing
is further evidence that the inner boundary of the traumatic
zone delimits mature and differentiating ceIIs.

Captions for Figures 1 to 6 (see opposite page).

Figure L Transuerse seetion thnough a tamanaek ILarix laricina
(nu noi) x. Koehl seedLing punetured 3 days aftez, up-
righting. Note tangenti,aLlg-aligned reaetion arc
(betueen ar?ous) formed before uound tissue. Photo
bg R.W. NeiLson.

Transuet,se seetion through a tamanaek seed.Ling punc-
tuned 3 days pz,ior to tilting for a 3-day period.
Note tangentiaLly-aLigned reaetion are (betueen az,rous)
fonmed after uound tissue. Photo by R.W. NeiLson.

Tz,aumatie uound, in jaek pine fot,med. as a z,esult of
puncturing on JuLy L5. Wound ts almost coineident
uith beginning of Lateuood tz,aeheids (az,nou).

Tnaumatie uound in jack pine foz,med as a result of
puneturi,ng on June L0. Note erpanded, LateralLy dis-
pLaeed TaAs, enlarged traumatic parenehyma, and crush-
ed eells (arrou) behind enlarged parenchyma.

Tz,aumatie uound in jaek pine formed as a result of
puneturing on June L0. Louen z,adiaL Limit of trauma-
tic tissue is marked by arr.ou)s. Abnormal appearanee
of tALem belou this point is due to mechanical injung
of needLes and i.nfiLtration of ertraneous materials.

Figuz,e 2.

Figure 3.

Figur.e 4.

Fi,gure 5

Figune 6. Traumatie uound in jaek pine formed as a result of
punctuz.i,ng on August 20. The pez.idez,m has responded
by proLiferation of pheLLem (anz,ou).

LA2
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On each injury date, 3 pins were inserted approxi-
mately 2 mm apart in a tongitudinal row into diametrically op-
posite faces of the stem. The circumference of the stem
immediately above and below the longitudinal row was marked
with non-leaded paint. The pins were removed after wounding,
and used once again if undamaged. On two subsequent occasions,
the cambium was similarly marked by diametrically opposite
wounds at 60 and 120 degrees around the stem from the origJ-nal
wounds. Wounding was carried out on June 10, July 15 and
August 20.

Leader growth of the seedlings was measured at approxi-
mately weekly intervals until growth was completer. The seed-
lings were sacrificed in late October, and a 2-inch long piece
of stem containing the punctured zone was stored in 702 ethyl
alcohol. The half-length not containing the punctures was used
for determination of specific gravity (oven-dry weight/green
volume) after dissection of bark, pith and pronounced compres-
sion wood, and Soxhlet extraction with alcohol-benzene (2zL).

Transverse sections approximately 20 microns thick
were prepared from varying positions within the length of the
punctured zone in an effort to detect all wound tissue. Sections
were stained with safranin-fast green and mounted in Permount.
The percentage of the annual increment formed by June I0, JuIy
15 and August 20 was estimated from traumatic wound tissue.
Widths and percentages of earlywood and latewood were also de-
termined. Latewood was distinguished from earlywood by the
rather abrupt presence of thick-walled tracheids of small radial
diameter (Fi9. 3).

The date on which the first latewood tracheid reached
maturity was determined graphically for each tree from plots of
percentage of ring formed on the three puncturing dates us. day
number, By entering the previously calculated earlywood per-
centage on the ordinate, the date on which the first mature
latewood tracheid appeared could be read from the corresponding
abscissa value. Similarty, the percentage of total terminal
growth by June 10 (date of first puncture wound) was read from
curves of cumulative percentage height growth plotted against
date. The dates on which 902 and 9BZ of terminal growth was
completed were determined from linear interpolation of the
growth data for individual trees.

Although the experimental design called for five rep-
lications per provenance, a complete set of phenological and
xylem data was sometimes unavailable for certain trees. Missing

lt̂ Puncturing and
Petawawa under

leader growth measurements were carried out at
direction of M. J. Hol-st.
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phenological observations vrere caused by insect and mechanical
damage to the leader. occaslonal absence of traumatic wound
tlseue in the xylem may have been the result of fallure of the
pins to penetrate far enough to reach the susceptibte differ-
entlating xyLem.

RESULTS AND DISCUSSION

Nature of the Wound Marker

The traumatic tissue formed in reaction to wounding
contained obviously widened, laterally displaced rays, and
parenchyma cells of abnormally large diameter (Figs. 3 and 4).
The inner boundary of the traumatic zone $ras usually marked by
the presence of collapsed tracheids. These cells represented
almost mature, but incompletely lignified tracheids which sub-
sequently were crushed by the abnormal enlargement of succeed-
ing parenchyma celIs.

Occasionally the traumatic mark was extended some
distance in a more or less radial direction, apparently even
extending back into the previous annual ring (nig. 5). Close
inspection of these markers, however, indicated the absence of
wound parenchyma beyond a certain point taken to be the inner
side of the traumatic zone. The apparent extended length was
interpreted as a combination of cell rupture caused by physical
penetration of the pin beyond the cambial zone, injury to mature
ray parenchyma ceIIs, which, because of their continuing vital
function, could react physiologically to injury, and production
of extraneous materials by traumatic ceIls, which subsequently
could be infiltrated into normal tracheids.

A further response to injury was often noted in the
bark in the form of excessive phellem formation (nig. 6). Forma-
tion of this periderm tissue $ras apparentty a protective mech-
anism to prevent dehydration of the delicate cambial region.

Xylem Variation

The mean values for various xylem characteristics are
presented in Table 1. Analyses of variance for each character-
istic indicated significant differences in every instance among
provenances.

A model representing the growth of the average jack
pine stem is presented in Fig. 7, assuming radial diameters of
33 and 16 microns respectively for earlywood and latewood
tracheids. These average values were established from random
measurements on sections of seven different provenances. The
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model shows that the development of mature xylem lagged markedly
behind leader growth. Appearance of the first mature latewood
tracheid occurred 17 days after height growth was essentially
concluded, since 988 of total leader growth was completed by
JuIy' 2. fn a study of jack pine seedlings growing at approxi-
mately the same rate as the trees in this present experiment,
Kennedy and Farrar (1965) found that 20 days were required for
the complete process of differentiation beginning with division
of the cambial initial and ending with complete lignification.
rt therefore appears that latewood initiation begins armost
coincidently with cessation of height growth. This resurt sub-
stantiates the observations of Larson (1964), who concluded
that while earlywood production is stirnulated during the period
of active terminal growth, cessation of terminal activity pro-
motes formation of latewood tracheids. This transition to late-
wood-type tracheids is apparently mediated by a reduction in
indoleacetic acid and possibry other growth hormones as a con-
sequence of reduced vegetative activity (Balatinecz and Kennedy
1967; Larson 1964; Shepherd and Rowan 1967).

The JuIy 2 estimate for date of latewood initiation
is exactly the same as the average found by Zahner and Oliver
(1962) for red and jack pines at the base of their live crowns.
These trees were located in southeastern Ivlichigan in plantations
approximately 20 years o1d, and were not subjected to pruning
or thinning regimes which may alter the date of transition to
latewood.

Many phenological and xylem attributes showed a signi-
ficant relationship with provenance, when geographic location
was expressed in terms of growing degree-days at point of origin.
Greater total height growth was ichieved Uolfr prior to Lg66
(r = 0.43*) and during the 1966 season (r = 0.57**) in those
sources originating from areas with the greatest number of grow-
ing degree-days. A later completion of height growth was sug-
gested with increasing growing degree-days, since a smaller per-
centage of total height was accomplished by June 10 (r = -0.7 8**),
and a longer time was required to reach 90? and 9BB height growth
(r = 0.78**, 0.61**). Wider totat ring width (r = 0.51**),
earllrwood (r = 0.49**) and latewood (r = 0.47**) were associated
with more growing degree-days. Since a smaller percentage of
the 1966 increment was completed by August 20 in those proven-
ances having more growing degree-days (r = -0.62**), a delayed
cessation of cambial activity is indicated in those provenances
originating from milder climates. This is not unexpected, con-
sidering the later completion of height growth noted in these
provenances.

Specific aravity decreased with increased growing
degree-days (r = -0.69**). However, the degree of association
between specific aravity and other xylem and phenology attri-
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butes could not be determined, beeause epecific aravity wag eB-
tlmated for the entire internode eection encompaising ltt three
rlnge, while other attrlbutes were llmited to only the final
growlng season.

Larson (f967) found significant dlfferences in vegeta-
tlve and wood characteristice among sources in a study of L0
Pinue neainoea Ait. provenance€r, but noted that no consistent
relationship with geographic origin or latitude exlsted. The
larger number of provenances in this present study, along with
wider geographic bounds and the choice of growing degree-days
to express originr Indy have resulted in trends becoming apparent.

Simple correlation coefficients between growth char-
acteristics were determined over all trees, regardless of source.
Because of the high degrees of freedom involved (29 provenances
x 5 replicates - 21, many coefficients $rere significant, but in
general, only those greater than 0.50 are mentioned briefly here.
Total ring width, as might be expected, was highly associated
with both earlywood (0.94) and latewood (0.90) width. Ring
width was correlated positively with total height growth (0.64)
and with later dates of compretion of height growth. Earlywood
and latewood widths were rerated (0.69), and showed the same
generel association with height growth as total ring width.
Latewood width was associated with latewood percentage (0.62'),
and was greater in those trees having a small percentage of ring
conplete by JuIy 15 (-0.5f). tatewood width (0.42) was not as
strongly associated with total height growth as earlywood width(0.7f). Increasing latewood percentages hrere correlated with
those trees having smaller percentages of their rings completed
by July t5 (-0.64) and with trees initiating latewood formation
at an early date (-0.56).
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BREEDING .JACK PINE FOR
THE MANITOBA-SASKATCHEWAN REGION

J.I. Klein
Forest Reseaneh Laboratorg,

Winnipeg, Manitoba

A jack pine lPinus banksiana Lamb- I breeding program
has been under development since the summer of 1966 at the
Forest Research Laboratory in Winnipeg. During this period'
Successive written proposals have been prepared, and working
techniques tried. Preparation of a detailed proposal for the
first selection cycle is almost completed. Implementation of
the program is underway.

A brief description of the breeding plan, especially
the first selection cycle, and an account of progressr follow.

BREEDING PLAN

Initial emphasis will be on assembting a collection
of open-poltinated progenies and clones from phenotypically
selected trees found across the region. Introduced populations
will be planted at the same time or shortly after establishment
of the native progenies and clones. These will provide useful
information on geographic variation, and additional genetic
material for the breeding population.

The progeny plantings will be designed and assessed
for scoring of economically important traits, in the categories
of hardiness, productivity, tree quality, and wood quality.
Following progeny scoring, 4t an age of perhaps 10 years'
grafted seed orchards wilt be established using scion material
from the maternal clonesr or from phenotypically superior prog-
eny individuals, or some of both. Further improvement may be
based on synthetic populations, derived from the above materials,
enriched by gametes from adapted, productive, introduced trees.

The first selection cycle, including the establishment
of operational seed orchards, will be conducted in separate, in-
dependent breeding districts. In this way there is reduced risk
of failure, late in the rotatj-on, of genotypes with superior
earlier performance. Information from the various kinds of ex-
perimental plantings established in the early years of the pro-
gram will provide a rational basis for modifying the original
organization. The three districts presently defined include
virtually all of the accessj-bIe commercial jack pine land in
the region. Breeding district boundaries are shown in Fig. 1.
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Figune 1. . Boundari.es of the breeding distniets.

The eastern district is separated from the others by an area
Iacking in accessible land suitable for pine plantation manage-
ment. The central district differs from the western district
in being at a higher elevation, with greater relief.

PROGRESS

Over 200 open-pollinaLed progenies were collected
aeross the region during the summer and autumn of 1965. Not
all of these will be used in the program because the system of
obtaining collections has been modified since then. Cones and
seions were collected from 204 selected trees in 68 stands in
eastern Manitoba from October L967 through March 1968. These
more recent collections, together with about 40 progenies from
the 1966 collections, and nursery seed for controls, will assure
the availability of planting stock for a 6 x 6 x 6 lattice de-
sign progeny test for the eastern breeding district. The plan
used ior the recent collections wilI probabty be followed, with
only minor modifications, in the central and western breeding
districts.

SASKATOON
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Choice of stands for sel.ecLion was strongly influenced
by the objective of obtaining a highty rePresentative. sample of
the native gene pool. The rationale for this approach is the
assumption [tat u'seful genotypes may be present in-stands estab-
tished under both unfavorable and favorable conditions. There
was a conscious effort to distribute selection unifornly over
the district in relation to the presence of pine stands. With-
i.n this restriction, fully stocked stands were favored. In a
number of lnstances, however, selection was done in partially
stocked standsr of, stands of generally poor form, to avoid
leaving a trarge gap in the sampling patterrr. fn such stands,
it was stilf postiLfe to find trees above the stand average in
vigor and stem quality. Concentration of selection effort in
a imaller numbei of the best stands would produce a starting
population with a narrot^ter base of genetic variation, although
it-migtrt have a higher average breeding value. The distribu-
tion of selection locations for the eastern breeding district
is shown in Fig. 2.

F'or each stand worked in the L967'L968 collections'
roughly 10 to 30 minutes rilere spent selecting each of three
parent- trees. A preliminary trial of formal selection for-height growth ratl superiority fraa indicated that differences
amoig tiees within a itand weie too small to justifY the time
required for their detection. Selection r^tas limited to vigor-
ouJ dominants and codominants. These were carefully scrutinized
for stem stralghtness, freedom from forks, and persistence of
central leader dominance.

selected trees were felled, then cones'and scions
were collected. Detrimental effects of cone aging and self-
pollination were taken into account in the cone collection Pro-
cedure. However, the amount of vitality loss of the seeds in
a particular cone or the self-pollination probability associated
wilfr its cro$tn position can be estimated only in a very approxi-
mate way.

Grafting was done as soon as possible after collection-
The number of sel6ctions for which at least one successful graft
was obtained is not yet established, but it will probably be
between 80 and 95t ol the 2O4 selec.tions made this year.

Seed extraction and cleaning were done at times when
grafting could not be done owing to space restrictions' As we

firesentiy have only a small oven available for cone drylng,
irost of Lne cone lots were opened at room temperature, follow-
ing immersion in hot water tb break the resin seal. Following
op6ntng and extraction, cones were again immersed in hot water
aira aliowed to open a second time for the extraction of addi-
tional seed. Vi;bility and germination speed of filled seeds
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were as good for the second extraction as for the first. Atlpreparations for sowing have been completed.

Sowing will be done this year according to a five-replicate randomized block design. A row of evenly-spaced seedsextending from one edge to the middle of the seedbed will con-
stitute a plot. Three repl.ications wilr have 28 seeds per plot,
and two will have 42 seeds per plot. rt is anticipated thal
development of a research nursery for the laboratory will al]ow
more generous sowing next year and thereafter.

o
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SELECTION AND REPRODUCTION OF
HARDWOOD SPECIES FOR REFORESTATION

OF SWAMPS IN SOUTHERN ONTARIO

H.C. Larsson
Southern Reeeanch Station, MapLe, 1ntanio

The eLimination over the past 15 years of Amerlcan
elm growing in the swamps of southern Ontario by the Dutch elm
disease has lead to a program for the reforestation of these
decimated swamps with high quality lumber-types of silver maple
lAeen aaceharinum L.l, eastern cottonwood lPopulus deLtoi-des
Marsh.l, European willow ISaLin alba L.l, American willow ISaLia
anygdaloidee Anderss.l, and European alder lAlnue glutinoea t.l.

SILVER MAPLE

Since L957, 23 high quality silver maple phenotypes
have been located in four swamps in southwestern Ontario. Great
effort has been made over the past 2 years to reproduee these
trees both asexually and sexually. Asexual reproduction has
been largely confined to the planting of greenwood cuttings ln
early July of 1966 and L96?. The cutting material vtas Procured
wherever possible from current juvenile growth of epicormic and
coppice shoots. These were subsequently cut to about 6 Lnches
long. The leaves were reduced by one half of their original
area. The cuttings were then soaked in a solution containing
200 ppm of indole butyric acid for I hour and planted in a I to
L V/i- mixture of sharp sand and vermiculite in an outside cold
frame covered with plastic shading. The humidity was about 90t
and the temperature was kept below 80F.

The rooting success has varied from tree to tree.
Generally speaking, cuttings from juvenile growth rooted best'
and those from branches rooted poorly. However there were two
exceptions, one tree which was reproduced from branches gave
20t iooting success whereas another tree from succulent shoots
arising from a layered clone did not root at all.

Sexual reproduction by controlled crossing was attempted
for the first time in the spring of L967 following a discussion
with Dr. J.L. Farrar, Faculty of Forestry, University of Toronto.
The technique consisted of shooting off branches with a .225
rsavage' rifle from six high quality phenotypes growing in the
gurfoid and Beverly slrtamps. The branches were placed in water
in a greenhouse at a temperature of 70F and 60S relative hunidity.
A11 bianches came into flower within 48 hours after being brought
indoors and were immediately pollinated. There $tas a total of
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eight successful crosses producing approximately 800 seeds
within 3 weeks of pollination. Seeds were sown in tubes in
early April and were planted in late May 1967 under shades in
the nursery in a randomized and replicated design to determine
progeny differences.

Controlled crossing was again repeated in the spring
of 1968 using the branches from seven trees occurring in the
Burford, Beverly and Greenock swamps. The progeny from the 2
years of crossing will be tested for vigor and quality in a
prepared research swamp in the Hespeler District.

EASTERN COTTONWOOD

Considerable effort over the past 2 years in coopera-
tion with Dr. L. Zufa, Research Branch, Department of Lands and
Forests, has been devoted to locating and reproducing, asex-
uaIly, high quality eastern cottonwood growing under extremely
wet condit,ions. In 1967, three high quality swamp-type cotton-
wood were located and successfully reproduced by cuttings that
year.

, In 19681 six additional high quality swamp-type cotton-
wood and two "jackii" were located and are now being reproduced
asexually. The clones will be tested in some of the main swamps
of southwestern Ontario when sufficient planting stock is avail-
able.

EUROPEAN AND AMERICAN WILLOW

Sixteen clones of high quality lumber phenotypes of
Salin alba and two clones of SaLia amygdaLoides were selected
in cooperation with Dr. Zufa for clonal testing in the main
swamps of southern Ontario. In 1967 the cuttings were estab-
lished in the hard.wood nursery at Maple. In the spring of 1968,
31000 cuttings from the 18 clones were planted. at the Orono
Forest Nursery. Cuttings from these will be outplanted in
several swamps in 1969.

EUROPEAN ALDER

In 1962, seed from five lumber strains of European
alder from Germany were procured through Dr. F.U. Klaehn of
Syracuse University. They were sown in the Orono Nursery in
the spring of 1962 and were outplanted in three swamps in the
spring of 1955 under natural conditions. They are now from 4
to L2 feet tall. Dormant cuttings were taken in the early spring
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of 1968 from the fastest growing trees of good form and were
planted in the greenhouse at Maple in an effort to root them.
ff this is successful, clonal tests with this material will be
carried out in the main sr4/amps of southern Ontario.
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PROGRESS IN PROVENANCE, PROGENY, AND SPECIES TESTS,
AND LARCH BREEDING IN THE MARITIME PROVINCES,

APRIL 1966 AND MARCH 1968

H.G. MacGllllvray
Foreet Reeearoh Labonatony, ?nedanLoton, N.B,

PROVENANCE TESTS

Red Pine

Highly significant differences r,r'ere found among the
mean heights of young red pine lPinue reeinosa Ait' J fron 16
seed sourees growing at lris, Prince Edward Island (Table f).
The heights may have been influenced by damage caused by the
European pine shoot moth [Rhyacionia buoLiana (Schiff.)] which
is common in this area. The data dealing with insect damage in
thls pLantation have not been analysed. If juvenile growth in
red pine is a reliable indication of yield at maturity then
some gain on Prince Edward Island may be expected from intelli-
gent choice of seed source. The local controls, Grand Laker N.B.r
and Stanleyl N.S., rank 12th and l6th respectively. Data col-
lected from another part of this study, a second red pine prov-
enance test located on the Eden Barrens, Pictou County, N.S.
$tere not analysed. This test consists of the 24 provenancest
including the 16 planted at lris, The four provenances that
rank first at Iris are also of high rank at Eden. The local
control from Grand Lake, ranks 6th and the two sets of red pine
from Stanley, rank l4th and 24th on the Eden Barrens. The trees
at Iris are more vigorous and appear healthier than those on the
Eden Barrens.

Jack Pine

In 1966 data were collected in a study of phenology,
cambial activity, and Iignification using selected provenances
of jack pine lP. banksiana Lamb. I growing in a nursery prov-
enance test at the-Acadia Forest Experiment Station. This was
conducted in cooperation with Dr. R.W. Kennedy, Forest Products
Laboratory, Vancouver, B.C., and Mr. M. Holst, Petawawa Forest
Experiment Station, ChaIk River, Ont. Leader measurements were
taken weekly throughout the growing season. On specified dates
needle lengths were measured and the cambium was wounded using
small insect pins. The wounds show as scars when viewed on
slides under a microscope. Wood samples from all trees were
collected, preserved, and forwarded with the raw data to
Dr. Kennedy.
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Spruce and Fir

Tree ireights, number of branches in the top whorl,
branch length, number of forks in the stem, and foliage color
were recorded in L966, for an all-range seed-source test in
white spruce lPieea glauea (Moench) Vossl at Acadia. These
data were corrected in cooperation with Dr. H. Nienstaedt, North
central Forest Experiment station, Rhinerander, wisconsin, and
submitted to him for processing. considerabre variation in
foliage color was observed in balsam fir lAbies baLsamea (L. )
MiI1. I growing in provenance tests and in unreplicated plots
of known seed source. rt appears that seed from some parts of
Newfoundland produces trees with darker green foliage than that
produced by New Brunswick balsam fir. Further study is neces-
sary before definite conclusions are reached. Seed was collect-
ed from some promising Newfoundland sources in L966 and sown
at Acadia in 1967. Scions and cuttings from trees selected for
superior foliage color are being propagated.

SELECTION IN FTR

Resistance to Balsam Gall Midge

fnitial steps were taken in 1966 to select strains of
balsam fir that would resist attack by the balsam gall midge
lDasineuz'a balsamieola (Lint. ) l. This insect is difficult to
control with contact poisons as it is protected within a gaIl
on the needle. Galled needles drop from the twJ-gs about the
time christmas trees are harvested reducing the varue of the
tree. rn late November 1966, members of the Forest rnsect and
Disease Survey selected apparently resistant trees in Christmas-
tree plots located in areas where this insect heavily infested
the balsam fir. scions and cuttings were collected from the
top and bottom thirds of the crowns of these apparently resist-
ant trees and also from neighboring trees that were severely
attacked. This was done to compare the growth habits of ramets
from different levers in the crown. True fir sci-ons and cut-
tings from side branches produce plants with a strong tendency
to retain their plagiotropic arowth habit. rt is expected that
those from the tops of the crowns will produce plants with
erect stems or plants that can be influenced to adopt an ortho-
tropic Arowth habit

Vegetative Propagation

Scions were grafted for tree breeding material. Cut-
tings were placed under intermittent mist in a greenhouse root-
ing chamber to obtain clonal material on its own roots for con-
trolled study of resistance to the gal1 midge. A second purpose
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is to see if the rooting of cuttings is a practical method of
propagating desirable clones for use as planting stock in
Christmas tree production. No significant difference was found
between the rootinq ability of cuttings from apparently resist-
ant trees and those from susceptible trees. As expected, cut-
tings from the bottom third of crowns rooted better than those
from the top third, and those treated with a hormone powder'
Seradix B 3, rooted better than untreated cuttings'. Hormone-
tredted cuttings from the bottom third of the crown rooted best
(652 with roots) and those from the top third rooted moderately
well (404 with roots). A11 rooted cuttings that were trans-
ferred from the greenhouse to the nursery in June L967 appeared
to be healthy in the spring of 1968.

PLANTING 1966-67

P ine

Several new provenance, progfeny' hybrid, and species
tests were established in the Maritime Provinces during 1966
and L967. Interprovenance hybrids of jack pine with provenance
controls and complex hybrids of jack pine and lodgepole pine
IP. contoz,ta Dougl. var. LatifoLi.a Engelm. ] (Table 2: No. 1) 'and two all-range provenance tests in jack pine were planted
(Table 2z No. 2 and No. 4). Three plantations to demonstrate
the relationship of the latitude of the seed source to the
growth habit, especially height growth, were plantedr orl€ at
Acadia and two in uova scotii, uiing material from the all-range
provenance test in the nursery. The provenances were grouped
by bands of longitude according to the longitude of their seed
sources and then arranged for planting within these groups
according to the latitude of their seed sources (Table 2z No. 5)
A species test in pine (Table 2t No. 3) was established on the
Shelburne Barrens in Nova Scotia. As this area has one of the
mildest climates in the Maritimes several species normally not
considered winter-hardv in the Maritimes were included.

Christmas Trees

A combination test of provenances and species as
Christmas trees involving the inland variety of Douglas fir
lPseudotsuga menziesit (Mirb. ) Franco var. gLauca (Beissn. )

Francol; Veitch fir lA. ueitchii Lindl. I ; and balsam fir was
planted (Table 2z No. 6) .

Spruce

Different replications of a provenance-progeny test
in Norway spruce [P. abies (L. ) Karst. ] with local white spruce
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and black spruce lP. mariana (Mi11.) BSP.I as controls were
located on four different sites (Table 2z No. 7\. These sites
included three moisture regimes and three nutrient regimes.
The object is to study the influence of these site factors on
growt.h of the three species as well- as their influence on sus-
ceptibility of the Norway spruce to damage by frost and by the
white pine weevil lPissodee strobi (Peck ) l. The second prov-
enance test of Norway spruce with local white, red lP. t'ubens
Sarg. l, and black spruce as controls was established on a rela-
tively uniform site as an experiment in spacing (Tab1e 2z No. 8-1).

LARCH BREEDING

Although 1965 was a poor flowering year a few femaLe
flowers were isolated on tamarack lLarir Larieina (Du Roi)
K. Kochl at Acadia. Japanese larch lL. LeptoLepis (Sieb. & Zucc. )
Gord. I and European larch tf. deeidua Mill. I were used as pollen
parents. Some self-pollinations were made. No viable seeds
were obtained from isolated female flowers that were left un-
pollinated as a control. The surviving seedlings in the spring
of 1968 were: 14 tamarack x European larch, three tamarack x
Japanese larch, and three from self-pollinated tamarack.

Reciprocal crosses were made in the spring of 1966
with Japanese larch, European larch and tamarack. Int.raspecific
and self-pollinations were made for each species. Backcrosses
were attempted (I) using the 51, Japanese larch x self, and the
original Japanese larch parent and (2) using trees of the hybrid'
tamarack x Japanese larch, and the two parent trees. A cross
between this hybrid and European larch was also made. In the
early spring a break-down of the cooling system for the cold
room, where the seeds were stratified, caused the temperature
there to rise to about 70F. Many seeds were in early stages of
germination when this was discovered. This probably prejudiced
the successful germination of the seeds when they were sown in
nursery seedbeds later that spring (Table 3).
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Table l.

Seed Source

Grand Bend, Ont. I
Presque Co., Mich. 2

Sturgeon Falls, Ont. 3
Chippewa National Forest, 4

t'{inn.
Rawdon, Oue. 5
Douglas, Ont. 6

Schoolcraft Co., Mich. 7

Superior National Forest, B

Ivlinn.
Grand Traverse Co., Mich. 9
Itasca Park, Minn. I0

1IDryden, Ont.
Grand Lake, N.B.** 12
Trout take, Wisc. 13
Thistledew Lake, Minn. L4
Fort Frances, Ont. 15
Stanley, N.S. ** 16

Mean Height Growt,h of l0-year-old Red Pine
from Different Seed Sources

Irisr_.P_..8.I.
Mean

. HeiqhtRanK (aajuitea) *
cm

Eden Barrens; N.S.
G

. HeiqhtKanK (unadjristed)
cm

154.5
164.3
161. t
L52.5

148.0 2L
145.6 12
143.5 3
139. 5 t5

136.5
r36. 1
L32.4
I32.0
131.0
I2B. B

126 .4
120.6

4 I02 .s
I 105.1
7 100.0
2 104,1

89.3
98.5

103.0
94.7

r0-1r 98.6
20 89.7
22 82.6
6 100. 9

10-tr 98.6
23 82.5
L7 93.3

- (14 & 96.2 &

QA 82.3

Six Mile Lake, Minn
Lake Thirteen, Minn
Boulder Junction, Wisc
Onelda Co., Wisc
Lake States, U.S.A.
Cass Lake, Minn
Clubhouse Lake, Minn
Zone 3, Pembroke, Ont

5
B

9
13
16
1B
19
25

101. 9
99 .4
99.2
98.3
93.4
93.2
90. 5
'14.2***

*Confidence limits for mean height using t.0I, = mean height
(adjusted) t 10.9 cm. Differences between mean heights, dt
Iri;, p.E.I., of more than 10.9 cm. are highly significant.

**Local control.
***This low mean height is larqely attributed to nursery factors

rather than to inheritance.- these seedlings came from a dif-
ferent nursery and, when planted, were much smaller than
those from the Petawawa nursery-
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GENECOLOGY OF RED AND BLACK SPRUCE

S.A. Manley
Forest Research Laboratony, Fredericton, N.B.

This investigation into the spruce complex in central
New Brunswick was undertaken to facilitate mapping of forest
cover types that are particularly susceptible to spruce budworm
infestation. A forest cover with a high proportion of red
spruce is believed to harbor persistent populations of the
spruce budworm. Hybridization and taxonomic confusion compli-
cate identification within the red spruce-black spruce compon-
entr especially in the Maritines region where introgression is
common (Morgenstern and Farrar L964') .

Phenological and morphological observations formed
the basis of the investigation. The relative phenology of the
tree species was observed and measured at the Acadia Forest Ex-
periment Station and in the Miramichi watershed. Black spruce
in bogs were the last to develop but both black and red spruce
on upland sites showed intergradation. Red spruce retained
bud scales on the developing shoot up to 5 days longer than
black spruce, but much individual tree ,variation was encountered.
During L967 black spruce on upland sites was generally several
days earlier than red spruce, but again individual tree varia-
tion and microclimate were responsible for considerable overlap.

The morphology of the two species was studied in de-
tail to find satisfactory methods of distinguishing the two
pure species, and to develop a hybrid index sufficiently sensi-
tive to determine the extent of introgression.

During 1968, field work will be organized to deter-
mine the extent of introgression. Sample plots will traverse
budworm-persistent areas and long slopes between black spruce
bogs and lowlands to red spruce upland. From 12 Lo 24 samples
will be selected at random from each plot d.epending on the
variation encountered (Critchfield 1957; Morgenstern and Farrar
L964). Branch samples will be collected from the upper five
whorls of each tree.

A hybrid index will be developed that will include
those qualitative and quantitative attributes that exhibit
physiological independence. Such an index could be used when-
ever the taxonomic status of the black-red spruce complex must
be evaluated. Qualitative categories can be defined by photo-
graphs and descriptions. Quantitative measurements will contri-
bute toward the development of a discriminant function which
can separate the pure species from hybrids.
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The habitats in which hybrids are found will be ex-
amined, with emphasis on transects where the comparative ecology
of intergrading sites can be described. Drainage and vegetation,
both of which appear to be important, wirl be examined. Depth
of organic layer and mottling witl be used to describe the drain-
age condition; vegetation will be analyzed using percentage
cover and occurrence, and soil differences will be recorded in
terms of pH, texture and rooting depth.

REFERENCES

Critchfield, w.S. L957. Geographic variation' j-n Pinus eontorta.
Maria Moors Cabot foundaLion. pub. No. 3. 118 pp.

l,lorgenstern, C.K., and ,J.L. Farrar. 1964. Introgressive
hybridization in red and black spruce. univ. Toronto, Fac.
Forest. Tech. Rep. 4. 46 pp.
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AN INDUSTRIAL TREE IMPROVEMENT PROGRAM
IN NORTHERN ONTARIO

J.A. McPherson
Kinbenly-Ctank Pul.p & Papen Conpany Linited

The 1954-66 report outlined the obJectives of the
Kimberly-Clark program. The present report is concerned pri-
marily with work done in the last 2 years. The principal areas
of activity are outlined below.

CLONE ORCHARD

Additional plus trees are being added as they are
encountered. At present the clone orchard contains 62L grafts
representing 82 parent trees. Both black and white spruce Pro-
duced eones in limited quantities in 1967. These were collected,
the seed extracted and so$rn in the nursery.

SEEDLTNG ORCHARD

superior black and white spruce trees from the nur-
sery are beiirg added at the rate of about I00 trees annually.

SEED FOREST

!{ork has been confined to the Lydia Lake seed forest.
Thinning was carried out on part of the area in 1967. Experi-
mental spraying of the cone bearing areas of sample trees to
control insects was carried out in cooperation with the Depart-
ment of Forestry and Rural Development.
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TREE IMPROVEMENT IN NEWFOUNDLAND

J. Nicholson
l;'<sres l. Rc :tt:at'c:h [,al.to?atct7y, {; t'.,Iolt.n.:,:, N J' l.tl.

The tree improvement program in Newfoundland is mainly
concerned with a study of the variation patterns in the local
black spruce fPicea mav,iana (Mill.) BsP.] and trials of exotic
species and races.

BLACK SPRUCE

Black spruce hras chosen as the first local species to
study because it is one of the two important pulpwood species,
is adaptable to a wide range of site conditions, has no serious
insect or disease problems and is relatively easily managed in
the nursery. In addition, it seems to offer fairly simple seed
production possibilities if one assumes that the best procedure
might be the use of moderately liberal selection standards for
plus trees and combination progeny tests and seedling seed
orchards.

The project was initiated j-n L967 to determj-ne the
extent of variation between regions, within regions, and between
individuals in a stand. From early performance in nurseries and
growth chambers it is hoped that tentative seed transfer rules
can be established and indications obtained about the practical-
ity of plus tree selection.

In the sunrmer and falt of L967' cones of seven domi-
nant or codominant trees per stand were collected from stands
distributed over most of llre range in Newfoundland. Collections
along elevational and coast-to-inland transects as well as from
two locations in Labrador were also made. A few seed lots from
the Maritime Provinces, Quebec, and Ontario were contributed by
Department of Forestry and Rural Development personnel in those
regions. Cone lengths and widths and 100O-seed weights have
been recorded. Two nursery experiments were sown in the spring
of 1968. One experiment was established in the main black spruce
region, near Gander, using individual seedlots from seven trees
from each of 19 provenances and the other was sown in three eco-
Iogical regions; one near Corner Brook, one near Gander and one
near St. Johnrs, using seed from 39 provenances for which the
single-tree seedlots had been bulked. The experimental design
in both cases is a five-replicated randomj-zed block with plots
sown in lines at right angles to the direction of the seedbeds.
Phenological observations and growth measurements will be made
next year.
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EXOTIC SPECIES AND RACES

Of the six softwood species indigenous to Newfound-
land only balsam fir lAbies balsamea (L. ) Mill. I and black spruce
are presently of major commercial importance. As the former has
severe insect problems and the latter is not especially fast-
growing, it is desj-rable to establish trials with exotics,
emphasizing those that have proven successful in regions such
as Scotland and Norway which have cl-imatic similarities to New-
foundland. Sitka spruce has shown promise in small trials and
therefore a larger scale provenance experiment was deemed worth-
while. Seed from 12 provenances along the Pacific coast from
Oregon to Alaska was sown in the Acadia Forest Experiment Sta-
tion nursery in 1965 and 1966. When the seedlings were 2-O in
the springs of L967 and 1968 they \^rere transported to Newfound-
land for transplanting. The seedlings will be planted out on a
wide variety of sites in all regions of the rsland beginning in
1969.

A second project is the establishment of arboreta
near Corner Brook, Gander, and St. John's with emphasis on
acquiring species of Abies, Laria, Pieea, Pinus and Betula from
areas of the world with climatic similarities to Newfoundland.
Each plot is to contain 100 trees planted at l0 x 10 foot spac-
ing. In L967 plots were planted of Betula ermanii, B. marimoute-
ziana, B. pLatgpLtyLLa, B. uerlr'uleosa, Larix Laz,icina (Nova Scotia),
L. LeptoLepis, L. oceidentalis, Pinus nigna var. austriaea, P.
nigz,a var. eors'Lca and Robinia pseudoaeacia

A number of provenance experiments have been estab-
Iished in the past under the supervision of investigators in
other regions. Under the direction of H.G. MacGillivray of the
Acadia Forest Experiment Station, a provenance experiment with
four provenances of Newfoundland and Maritime balsam fir was
established in 1961 and an experiment containing 30 provenances
of red spruce lPieea rubens Sarg. I was planted in 1964. Under
the direction of Mark Holst of the Petawawa Forest Experiment
Station a provenance experiment with Lake States St. Lawrence
region white spruce fPicea glauea (Moench) Vossl from 31 prove-
nances was planted near Gander in 1963, and one with 28 prove-
nances was planted near Corner Brook in 1965. The former is
due for the l0-year from seed measurement in the fall of 1968.
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BREEDING PSEUDOTSUGA IN COASTAL BRITISH COLUMBIA

A.L. Orr-Ewing
B.C. Foneet Senviee, Viotonia, B.C.

INBREEDING STUDIES WITH DOUGLAS-FIR

Orving to both pressure of other work and to the
erratic and sparse production of male and female strobili, the
inbreeding studies made from L952 to 1968 have been somewhat
disjointed. Some interesting information, however, has been
obtained and is summarized below.

There is now ample evidence that a wide range in self-
incompatibility exists in the Douglas-fir. Twenty-five trees
have been self-pollinated to date and the number of germinants
per cone have varied from 0 to I1. Some trees however, which
appeared to be self-incompatible when first self-pollinated,
have produced some viable seed when selfed another year. At
the present time, therefore, no tree is considered self-incompat-
ible.until it has been selfed at least two different years.

The time factor in inbreeding to more than one genera-
tion is not such an obstacle as in commonly thought. Some of
the first selfed families planted at Lake Cowichan in 1956 and
1958 produced both male and female strobili in 1962 and again
in 1966 and 1968. At the present time, four 32 selfed families
have been been planted and another nine are in the nursery. The
first female strobilus on an 52 inbred was observed in 1968.
There is again a wide range in self-incompatibility within the
51 selfed families, the number of germinants per cone varying
from zera to nine.

It is evident that the Douglas-fir is a most hetero-
zygous species as there is much variation within both 51 and 32
families. There are consequently ample opportunities for
further selection.

Records have been kept of the production of male and
female strobili in all the selfed families that have been plant-
ed. The results show wide variati-on within and between selfed
families. Consistent producers of male and/or female strobili
appear at any early age whilst other trees in the same selfed
family appear to be non-productive. There is little doubt that
the production of strobili is strongly inherited and as such
is little influenced by any of the fertilizer treatments that
have been recommended to date. It has been found that at Lake
Cowichan such treatments will increase production on the

133



productive trees within a selfed family but have no effect on
those that are unproductive.

In view of the wide variation in both form, vigor and
reproductive ability in selfed familliesr dt least 50 seedlings
are established per selfed-family, wherever possible.

INTRASPECIFTC CROSSES WITH DOUGLAS-FIR

Seventeen test sites have been established to date
on Vancouver Island and the Lower Mainland. These are located
in different environments and at elevations varying from 100
to 2800 feet. rn generar, survivar has been satisfactory in
spite of severe browsing on some sites. The first crosses
which were planted on four test sites in 1966 had an overall
survival of from 92 to 988 on completion of their second grow-
ing season. Eight test sj-tes were established in 1967 and in
spite of a very dry summer and mortality from a potentially
dangerous fungus Rhizinia undulata Fr. ex Fr., which was first
identified on one of the sites, overall survival ranged from
72 to 98E. Another five test sites were established in 1968.

Only limited pollinatj-ons could be made in 1967 but
in 1968 extensive porlinations were possible on the cowichan
Lake clone bank. rt is already noticeable, however, that not
only are certain clones much more productive than others but
that there is also wide variation between ramets of the same
clone. rn addition, graft failure from overgrowth of the scion
continues to be a major problem and no permenent solution has
yet been found.

An increasing amount of information witl be obtained
from the growing number of test sites with every year after
establishment but some tentative conclusions can already be made.

There appears to be no incompatibility barrier to pre-
vent successful crosses being made between very widely separated
Douglas-fir growing in completely different environments. Seed-
lings, for example, have been raised from a cross between a
tree growing at 49o18rN, L25"13'W, elevation 200 feet in British
corumbia, and another at 33o54 'N, 109o07'w, elevation 9 ,500 feet
in Arizona. The species undoubtedly has considerable genetic
stabi tity.

Crosses with southern pollen parents when grown on the
coast would seem to offer more promise than those that have been
made to date with pollen parents from the interior of the prov-
ince. The latter crosses might be of value when grown in the
interior but when grown on the coast they not onry go into
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dormancy early in the summer but flush early in the spring and
are more susceptible to spring frosts.

The main problem in the intraspecific crossing pro-
$ram to date has been that of obtaining sufficient supplies of
fresh pollen from outside of the province at the right time of
year for crossing. Cooperation from other tree breeders, and
research workers has continued to be excellent but it is neces-
sarily restricted to regions where other breeding programs are
active. There is the added disadvantage that there is lit.tle
chance of ever seeing the pollen parent in person and again it
may be impossible to repeat a promising cross. The choice of
pollen parent is particularly important in regards to its
phenology. The only permanent solution is a breeding arboretum
containing specimens from widely different locations throughout
the whole range of Douglas-fir. Such an arboretum was started
at Lake Cowichan in 1959 and has expanded considerably since
that date. The present seed collections which are either from
single or several trees range from 19o40'N (southern Mexico) to
54o30'Iitr (northern British Columbia). In addition' this arbore-
tum already contains the clones of another 79 plus trees from
Washington, Oregon and California. In future years, this arbo-
retum wiII be used exclusively for crossJ-ng so that both seed
and pollen parent can be selected and reciprocal crosses made
if necessary. The advantages from such an arboretum were clear-
Iy illustrated in 1968. It has not been found possible to date
to obtain Pseudotsuga polIen from Mexico although many inquiries
have been made. In 1961, however, some seed was collected in
Mexico by Forestal, Forestry & Engineering Limited, from Van-
couver. This seed was sown in L962 and planted at Cowichan in
L964. Several of these young trees produced sufficient male
and female strobili in 1968 for pollinations to be made.
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RESEARCH PROJECTS ON FOREST GENETICS AND
TREE IMPROVEMENT AT THE FACULTY OF FORESTRY,

LAVAL UNIVERSITY, QUEBEC

L. Parrot
Faculty of Foreetny, LaoaL lJnittenaity ' Quabae

PROVENANCE STUDIES

Hardwoods

Continuing the projects initiated previously' a prov-
enance study of ,luglane ni.gna and .I . eincrea has been establish-
ed during the three last years grouping some 30 different origins.
Among these l,t. nigrn.l a eertain numter hlere discartled since
they showed heavy frost damage after Lhe first winter in the
nureery. Prgvenances whose origin was below 40"N lat normal|y
ehowed froet damage. A selection was also made for nut maturity
and winter hardiness in a local stand imported some 95 years ago
and whlch shows very great differences among individuals.

A collection of various poplar clones was planted in
1966 with some Lanin. One of these clones [Roxbury Poplar:
Populue nigna x trichocanpal shows superior growth in this local
climate. Some of this clonal collection came from Dr. Shreiner,
Durham, Mass.t some from Dr. Heimburger, Maple, Ontario; and one
rrras locally selected (25 years old) '

The seedlings for the provenance study of sugar maple
lAeen eaechanuml being conducted in cooperation with B. Gabriel
from Vermont wiII be 3+0 at the end of this sunrmer and is still
in the nursery where various measurements were recorded. It
will be planted in 1969.

A provenanee study of Pnunus serotina was started with
professor CeAh, West Virginia University, and seeds $tere collect-
ed locally. Seedlings are to be sent'in 1968. (Project WVUIIvtS-I)

Conifers

In L967, a plantation of pine hybrids fPinus banksiana
x P. eontontaf was established in a replicated experiment in co-
operation with the Petawawa Forest Experiment Station, Ont.

In 1967, good larch material IDunkeld hybrid {Laris
eu?o\epiel , Japanese (f. Leptolepis ) and European (t. europeal I
was pllnted in observation plots near Quebec and in the Matane
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County 30 miles east of Rimouski. This was made possible through
Mr. D. Cook, A1bany, N.Y.

In 1968, the white spruce lI'ieea gt.aur:rtl provenance
experiment 194-M was planted with a statistical design.

GENETTC STUDY

Acer saeeharum

For the last 4 years, three sugar bushes were visited
daily during sap flow. A refractometer was used to collect data
from 50 individual trees recorded in each of these maple stands.
Differences between maple stands and among trees within a stand
are obvious and a tree with high sugar content in the sap seems
to keep this percentage from year to year. Selection criteria
will be used in the future to propagate individuals yielding
sap of high sugar content.

Vegetative propagation of ./zgZans

Over the last 2 years grafting of Juglans nigna was
initiated to propagate some good local winter hardy specimens.
The methods employed included grafting in the field and in the
greenhouse using budding and terminal grafting methods but the
results were very unsatisfactory.

Larch vegetative propagation

During the last 2 years a grafting project of various
larch provenances and hybrids was also initiated and will be
continued in the future.

TREE IMPROVEMENT

fn cooperation with the Department of Lands & Forests
tree improvement program, the practile of selecting permanent
forest seed stands was initiated in L967. The new program will
be increased in the future for hardwoods as well as conifer
species. (See I'Le Naturaliste Canadien, 942589-597, 196Z).
Other projects indirectly related to the improvement are also
under investigation, e.gl. use of various herbicides in young
plantations.
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ACADEMIC PROGRAM

The undergraduate course is given during the second
term with 2 hours lecture per week. Problems are discussed and
seminars held during this second term. Forty and 55 students
attended these lectures during the L966-67 and 1967-68 school
years respectively. fn the undergraduate program two students
are working on this field for their B.S.F. theses.
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FOREST GENETICS AND TREE IMPROVEMENT
IN QUEBEC

L. Roche
Foreet Reeeanch Labonatong, SilLeny, Quebeo

INTRODUCTION

fn the fall of 1966 a forest geneticist was appointed
to the Quebec Laboratory of the Department of Forestry and Rural
Development. Since that time a seeond research officer has been
appointed to carry out genecological studies on hardwood specLeg,
and three technicians, have been assigned to work in the general
field of tree improvement and forest genetics. '

As the 1966 appoi-ntment was the first ln forest gene-'
tics in the Quebec Laboratory, it was necessary to spend some
time in establishinq priorities,and organizing research faclli-
tles. The initial phase of this work is now almost completed,
and research in forest genetics and tree improvement has been
initiated.

' Facllities now available for research in forest gene-
tics and tree improvement include growth chambers, greenhouse
space with automatic control of heat, light, and watering, and
an x-ray unit for seed testing. A research nursery has been
established at the Valcartier forest experiment station, and a
seed extracting and processing laboratory will be ready by the
fall of 1968.

BLACK SPRUCE IPieea nariana (MiI1. ). BSP. J

In the faIl of 1967, 22 subpopulations hrere sampled
throughout the range of the species in Quebec. The seed was
kept separate by parent trees. Further collections will be made
ln the fall of 1958. When the required number of subpopulations
have been sampled, a study of geographic variation of black
spruce in Ouebec wiII be initiated. This investigation is part
of a larger, cooperative, range-wide study of black spruce.

A demonstration seecl orchard for this species is being
established at the Valcartier forest experiment stati.on. fn
recent years, it has been shown that differences in embryo de-
velopment can have a striking effect on germination behavior,
and thus on the subseguent growth of juvenile populations.
Therefore, tf two provenances are being assessed for genetic
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differences in a controlled environment, it is necessary to de-
termine t-he deqree to which the provenances differ in emhrrvo
development.

As a preliminary step in the study of geoqraphic varia-
tion in black spruce in Quebec, four black spruce seed lots,
colrected on four different dates (Aug. L2,19, 25 and sept. 2)
in the same year, and in the same area, were x-rayed to deter-
mine ernbryo development. The same seed was subsequently incu-
bated for 14 days, and germinated at 25c. Five replications of
100 seeds of each seed lot were used in this study.

Figure 1 gives the results of the x-ray assessment and
the germination test. The index of seed maturity, assessed from
radiographs, is the per cent of fully developed embryos (embryo
completely filIs embryo cavity) in each seed lot. The peak
value, obtained by germinating the seed, is a general index of
the rate of germination and is calculated in the manner proposed
by Czabator (1962). It wiII be seen that there is a close re-
lationship between embryo development and germination behavior
in black spruce seed (Roche 1968).

t9
OATE OF S€EO COLL€CTION
lrurrEr oF uYt ;tol AU€.il

ReLationship
deveLopnent.

betueen germination behauior and embrgo

F
c
f

t
o

o

=

Figure L,
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SED SPRUCE IPicea raberzs Sanq. J

During the L967 field season, two red Bpruce proven-
anceer situated in three locations in Ouebec were aesessed' (Flg.
2, 3). Flushing of these provenances was typical of all but
one of the 15 provenances in our red spruce trlals. Fluehlng
occurred first at Drummondville and last at Lake Megantlc in
14 of the 15 provenancesi height growth was greatest at VaI-
cartier, with one exception. In general northern provenances
showed superior height growth.

WHITE SPRUCE IPicec gZar,rca (Moench) VossJ

Twenty-elght provenances from throughout the speciee
distribution in British Columbia were sown in the spring of
1968 at the Valcartier forest experiment station. The proven-
ances hrere so$rn on a prepared soil mix (University of California
82 soil mix, Baker 1957 ) in four randomized blocks. On comple:
tion of the nursery phase, these provenances will be outplanted
in selected localities in Quebec.

BALSAM FIR IAbiee balsamea (t. ) MilI. l

In the fall of L967, 26 subpopulations htere sampled
throughout the distribution of the species in Quebec. The seed
was kept separate by parent trees. Further collections rdill be
made in the fall of 1968.

In the spring of 1968, nine subpopulations were sohtn
l-n two randomized blocks at the Valcartier forest experiment
station, the soil mix being the aame as that used for white
spruce.

To determine the distribution of Abiee baleamea \tar.
baleamea and /. balsamea var. phanenolepie Fern. in Quebec, a
biometrical assessment has been made of the cones collected in
the fall of 1967. The cone scale morphology of these two forms
in Ouebec is shown in Fig. 4.

Intra- and inter-population variation in seed quality
ln this species in Ouebec is shown in Table 1.

Ithis provenance trial was establlshed in
of the Quebec tabonatory, and is part of
ated by M. HoLst of the Petawawa Forest
Chalk Riven, Ontario.

1959 by J.D. MacArthun
an expeniment initi-

Experiment Station,
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Figure 4,

DAVGLAS E',IR lPseudotsuaa Menziesii (Mirb.l Erancol

Ten provenanees of Douglas-fir from the interior of
British Columbia were sown in the spring of 1968 at the Valcar-
tier forest experiment station. The soil mix and the experi-
mental design were the same as that used for white spruce' On

completion 5f the nursery phase, these provenances will be out-
plantea in selected localities in Ouebec.

variati,on in eone eeale monphoLoga zln Abies balsarnea
in Quebee, Typieal forn of A. balsamea ta?. balsamea,
1; intenmediale forms, 2, 3' 4; typieal fonn of A'
balsamea Uar. phanerolepis. Eaeh scale is repreeenta-
ti,ue of d single tree from one Loeali,tg ' 46" 55t Lat;'
?2"29' Long, eLeu.200 ft.
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STUDY OF VARIATION IN CANADIAN TRUE FIRS

Kalman J. RoIIer
Foneet Reeeanoh LabonatonY,

WinniPeg, Manitoba

A study was initiated in 1959 to determine the extent
of geographic vaiiation in the true firs, genus Abiee, in West-
ern Canada.

First, alpine f ir lAbi,ee Laei,ooarpa_ (Hook.) Nutt.l
rdas studied with relpect to needle and, cone characterlstics in
;5-p;iliitiott" rocatld in British corumbia. Needre relsth 1nd
wialfrl distance between stomata in.a roht on,tlt" abaxial surface
of needle, difference between cone scale and bract length and
sEea wing:area, \^rere assessed and analysed. In addition,
histological characteristics of the needle, cone scale and bract
were inriestigated. The results of the above study were pre-
sented in an internal report (RoIIer 1966a); they suggested
existence of geographic varieties in alpine fir'

In 1963 the project was extended to balsam fir I!l!e.a
baleamea (L. ) t4i1f. I in northern Alberta and greater varlabifity
hras found in the needl" and cone characteristics of this species
than had been expected. It was concluded that vegetative
i..t.rr"" might bL of limited value as 'taxonomic criteria be- 

-
cause of th; exient to which they arer modified by environmental
conditions. Qualitative differences. in vegetative -character-
istics such ai needle color, crown density, position of branches
;;J-;;";s, UarL structure and, as indicated by a number of

""ttr"iities, 
monoterpene characteristics can aid the determina-

tion of species or their variants

Differences in the above qualitative characteristics,
especiatly in bark structure, cone position, and needle color
in trUe firs growing in the Lesser S1ave Lake area in northern
Alberta were 6U".t.t6a in 1965. In additionr needle, cone and I

;;;i;-""*pf"= of five trees were collected for preliminary in-
vestigation. The analysis of monoterpene compollents of the
;;;i;-;;*pi"" indicate& wide variation (Roller L964, L9671 '

on the basis of the above investigation, the-projected
study "f "ipine and balsam fir was modified to cover: additional
g,rifit"tive- iraits and t9 sample more widely ov?r !h" ranges of
€h;"; species. the field work was carried'out in August 1967'

The following techniques tci.estimate the extent of
variation in the two species were decided upon! monoterpene
anaiysis Uy ga;-fiquid:cnromatograPh, analysis of organic and
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mineral content of needles, assessment of stomatal density on
the abaxial surface of the needle, determination of resin canal
size and position in the needle cross-section (Roller 1966b) ,
counts of tissue elements in the vascular bundles of needles,
measurement of the lengths of cone scales and bracts, examina-
tion of the shapes of cone scales and bracts and expression of
the ratio of lenticels and resin blisters occurring on the bark.
In order to obtain data that might be correlated with the fore-
going characteristics it was considered desirable to assess
available mineral content and physical properties of the soiLs
associated with the tree poputation samptel. In addition,
branch angle, needle color, cone position and crown density
were to be observed and recorded in the field.

The sampling scheme comprised an east-west transect
extending from within the distribution range of balsam fir ln
central Manitoba to that of alpine fir in Brit.ish Columbia and
covering the zone in which they overlap in northern Alberta.
The sampling was more intensive in the latter zone than it was
towards the extremities of the transect. Five trees about
I00 yd apart were sampled at 85 separate locations.

Three-year old needles were taken from branches on
the south side of the tree at a height of 150 cm. Slightly
ripened'cones hrere collected from the trees and dry scale and
bract particles from the ground beneath them. A 50 cm2 segment
of bark was cut from the south side of the trunk of each tree
at a height of I50 cm. Resin was t,apped from bark blisters on
the t.runk and stored using the methods of Zavarin and Snajberk
(1965). In addition a soil sample was taken from the rooting
zone of each tree. The investi-gation of the material collected
is progressing. This report deals only with the monoterpene
analyses carried out by the author in the Department of Chemis-
try, University of Manitoba. The analyses have been arranged
so that the biochemical procedures involved might be practised
and organized to best advantage as the earliest samples are
treated, and so that early results might indicate the relative
worth of chemotaxonomy in this variation study. Thus resin
samples from a group of populations located in the area of the
Lesser Slave Lake, Alberta, that possibly includes forms inter-
mediate between alpine and balsam fir, were among the first to
be analysed. The early analyses.otherwise comprised samples
collected from alpine fir at Liard Hot Spring, 8.C., and three
from balsam fir at the Riding Mountain, Man.; these would serve
as reference samples for comparative purposes.

A Varion Aerograph gas-liquid-chromatograph was used
with 9 foot by lrl8-inch coiled copPer column. The resin was
diluted in ether and O-xylene. The solution was injected
directly into the column.

r50



A sample fractogram is shown in Fig. I to demonstrate
the general location, retention time and height of peaks which
represent the different volatile constituents. The method of
measurement of peaks was adapted from Dal Nogare and Juvet
(1962). The percentage compositions were calculated from mea-
sured planimeter units with respect to the total 4onoterpene
content. One planimeter unit is equaL to 0.07 cma. The peaks
were identified by comparing retention time of the unknovitns
with those of standard comPositions.

In the present study the main monoterpene prod.ucts
are alpha-pinene, beta-pinene, Iimonene and beta-phellandrene
for both alpine and balsam fir (Tabte 1). There is a fair
quantity of unidentified components with high retention time
(rig. I, no. 8) as well as some minor components such as
3-carene and myrcene.

According to Zavarin and snajberk (1965) and Zavarin
(personal communicition) monoterpene components that.distinguish
alpine fir are a low quantity of myrcene, fair quantities of
3-carene, a low quantity of beta-phellandrene and a high guant-
ity of limonene.

The monoterpene composition data presented in Table I
follow the above mentioned patterns for both alpine and balsam
fir except for the 3-carene content in the monoterpene of some
trees lotated in the Morten Mountain and Lesser S1ave Lake areas
of northern Alberta. The 3-carene'content of these trees in-
dicates their close relationship to alpine fir and may suggest
the existence of forms intermediate between alpine and balsam
fir.

The data derived from the 85 sample stands should
indicate the extent of variation for the traits concerned with-
in and between balsam and alpine fir; they will also indicate
whether any basis exists for varietal differentiation. l'lor-
phological and histological characteristics will be given due
empfraiis but more advanced techniques of chemotaxonomy, Lf t!"y
cair reasonably be applied, may be needed to elucidate the rela-
tionships of iorms intermediate between the two species.
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A PROVENANCE STUDY OF COASTAL DOUGLAS-FIR

R.L. Schmidt
B.C. Foreet Senuice, Viotoria, B.C'

The objectives of this study (Experimental Project
599) are concern6d with developing seed transfer rules for
application in reforestation projects'

Detaits concerning cone collections have
ed twice (Anon. 1967i Schmidt 1967) ' A map showing
of each collection $ras also reproduced in each of
cations.

seedlings of 88 Douglas-fir provenances are being
grown at the cowichan Lake Experiment station nursery. These
riiff be planted at three test sites representing differerit
climates on southern Vancouver Island; at a low elevation in a

high rainfall area, a low elevation in a low rainfall area, and
at an elevation of 3500 feet.

During the seedling stage assessments were made of
r.ate of germirrafion, formati6n of -apical budsr'and total height
at the end of the first growing season. Analyses of these data
are not completed.
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FOREST GENETICS AND TREE BREEDING
AT THE FACULTY OF FORESTRY,

UNIVERSITY OF BRITISH COLUMBIA

O. Sziklai
Faeulty of Foneetry,

anioensity of British Columbia, Vaneouve?, B.C.

ACADEMIC PROGRAM

The undergraduate forest genetics course was taken by2L students in 1966/57 and by 36 students in 1967/68.

The-postgraduate program also increased substantially.During L967/58 four ph.D., (Roche, El-Lakany, Kiss and Meagherj,
one M.sc. 1no), and two M.F. (Addison and Griffin) candida[esare working in the field of forest genetics.

Accommodation in the new MacMillan Building. provided
approximatery eight times more space than we had previbusty.

RESEARCH PROGRAM

Provenance Studies

Work on provenance studies is gradually progressing
into the progeny-provenance stage. sampre colrections from in-dividuar trees within populations kept ieparately to provide
much-needed information on the intra-popuiation irariaiion.

Mr. L. Roche completed his ph.D. dissertation on
"Geographic variation in picea glauea in British columbia"(pp.206) ancl received his degree in May 1968 ,

Mr. H. El-Lakany is studying y-irradiation effects on
seed germination.

Mr. R.H. Hors research is directed to pollen germina-
tion of Douglas-fir in uitro.

Progeny Studies

Cones of Douglas-fir from 1335 trees and 91 different
l.ocations (Mapt Table 1) r4rere collected in I|GG. Study on cone
and seed morphology progressing successfully. For seed measure-
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ments the recently purchased Swedish tree ring measuring equip-
ment with a minimum alteration proved to be a valuable inetru-
ment. From the first analysis of the data it appears that the
seed size shows more clinal, than ecotypical variation as it wae
thought earlier. The characteristics on seed morphology betvteen
Coast and fnterior sources ie now more apparent than was known
known previously.

Mr. G. Kiss, Ph.D. candidate, who is now working for
the B.C. Forest Service Research Division in Victoria, analysed
juvenile seedling characteristics on 150 open pollinated pro-
genies of Douglas-fir. Seedlings from this experiment were
flanted out in three different locations Port Renfrew (Van-
couver Island), U.B.C. Research Forest (Haney) and U.B.C. Campus,
Vancouver.

Ivtr. E.Th. Bjorkland completed his B.S.l'- thesis on
samples collected from the coast on "The influence of elevation
on ieed and cone characteristics of Douglas-fir" (pP. 30 plus
appendix) and substantiated Seigo's (s.S.F.-1966) findings
oblerved on Interior sample. Mr. H. Griffin, !1.F. candidate,
is working on variation of Sitka spruce cone and seed character-
istics ana nis thesis is expected to be completed during 1968.

. As a useful aid on evaluation of viability of seed by
use of x-ray, the work progressed satisfactorily during last
year. Mrs. A. Hamori-Torok completed a B-S.F. thesis on
lDetermination of germinability of Peeudoteuga menzieeii (Mirb- )

Franco and Pinue e-ontorta oougl. by x-ray contrast method" (pp-85).

Dr. S. Reck, post doctorate fellow from the Institute
Of Forest Genetics, Schmalenbeck, West Germany, completed his
assignment on variation on wood densities of Douglas-fir- with
the frelp of our forest companies a financial contribution of
approximately $8,000 was provided during 1966 and 1967 summers,
t6- support collection and evaluation of increment cores from
more irfian 1200 trees. Besides covering intensively the Coast
region of British Columbia, Dt. Reck himsetf collected cores
from close to 400 trees from the southern Coastal range of
Douglas-fir. His report is under preparation'

Intra- specif ic Hybridization

while the year of L967 r^ras a sterile year as far as
seed production is congerned, 1968 kept us busy carrying oUt
contrbt pollinatibns on Douglas-fir. During the spring of I968,
beside rlpeating potyaltel crosses on U.B.C. Campus, intra-
specific trossei were attempted on U.B.C. Research Fgrest, Haney'
and on Hernando Is1and, where an isolated population was found'
It was also possible to field test Mr. Ho's findings on germina-
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tion of Douglas-fir pollen and apply irradiated pollen on one
of our Douglas-fir trees on the U.B.C. campus.

Mr. J.N. Cosco in his B.S.F. thesis, 'rAnalysis of the
reciprocally crossed progeny of Douglas-fir parents A, Br E and
II", analysed the S-year-old progenies from polyallel cross.
Seedlings frorn tree ll consistently surpassed in height growth
the seedlings from trees A, B and E. The 132 day "long day"
treatment in growth chamber in 1964 gave similar results indi-
cating the importance of controlled environments in genetical
studies as a useful aid in early testing of Douglas-fir.

TREE IMPROVEMENT

The close cooperation with coastal forest companies
provided research projects for graduate and undergraduate
students. Establishing eooperative projects, such as Douglas-
fir and western hemlock plus tree selection, anatomical study
on Douglas-fir graft unions, clona} study of Douglas-fir, also
provided summer employment for three students.

' A $51000 annual scholarship offered by B.C. Forest
Products Limited allows us to further deepen our knowledge in
the'field of forest .genetics.
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Table I. Peeudotsuga

British Colunbia

1. Stoner
2. Dean
3. Stuie
4. Alexandria
5. Williams Lake
6. Klinaklini
7. Tatla
8. Barriere
9. Clearwater

10. Revelstoke
11. Golden
L2. Jeune Landing
13. Nimpkish
14. OwI Creek
15. Ivlerritt
16. , Chase
17. Monte Creek
18. Salmon Arm
19. Tahsis In1et
20. Forbidden Plateau
2I. Courtenay
22. Alberni
23. Cassidy
24. Sechelt
25. Squamish
26. Chilliwack Low
27. Chitliwack High
28. Nelson
29. Caycuse
30. Jordan River
31. San Juan River
32. Duncan
33. Sooke

menziesii (Mirb. ) Franco Provenances

1966 r.U.F.R.O.

Elevation Latitude
feet

Longitude No. of
ol trees

1800 -

18 00

2400 -

2400 -
2000
1400

25 00

2000 53
2A 52

750 52
24A0 52
2000 52

I0 5l
2900 51
1400 sr
1s00 51
2000 51
3000 51
5s0 50
300 50
700 50

3000 50
1650 50
2200 50
1700 50

50 49
2000 49
22O ,!9
450 49
650 49
600 49
50 49

550 49
3000 49
2900 49
700 48
800 48
700 48
200 48
150 48

L22 40
126 57
L25 00
L22 26
L22 00
Izs 36
L24 44
L2A 09
L20 00
1I8 L2
rt7 00
L27 27
L26 53
I22 43
L20 5l
II9 47
ll9 s4
I19 13
L26 38
L25 09
r25 03
L24 5I
123 57
I23 s3
r23 09
L2I 48
121 42
II7 16
L24 26
L24 14
L24 05
I23 45
123 44

37
48
22
41
06
07
44
L2
39
00
23
27
I9
20
04
33
37
44
47
40
4L
t9
03
31
47
04
06
30
55
2B
35
45
24

I5
l4

6
16
16
10
t6
I5
16
15
15
t5
13
15
16
15
15
16
1t
I5
I5
15
13
15
I5
15
13
T4
I6
I3
15
14
ls
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Washington

34. Lake Crescent
35. Sequim Bay
36. Sedro Woolley
37. Arlington
38. Granite Falls
39. Concrete
40. Darrington
41. Bacon Point
42. Perry Creek
43. Marblemount
44. Sloan Creek
45. Diablo Dam
46. Twisp
47. Republic
48. Newport
49. Forks
50. Hoh River
5I. Humptulips
52. Matlock
53. Matlock
54. Shelton
55. Gard Station
56. Enumclaw
57. North Bend
58. Chester Morse Lake
59. Parkway
60. Denny Creek
61. Gold Bar
62. Skykomish
63. Keechelus Lake
64. Cle Elum
65. Chiwachum
66. Spokane
67. Naselle
68. Skamokawa
69. Cathlamet
70. Castle Rock
7I. Yelm
72. Yale
73. Cougar
74. Alder Lake
75. Randle
76. Packwood
77. Glenwood
78. Rimrock
79. Prindle
80. Willard

Elevation Latitude
feet o I

Longitude No. ofo I trees

100 -

I300

1500
1900

2 000
1300
2400

1500

1800 -
r600

1800 -
100
600
500

1500

1900 -

1000 48
300 48
200 48
300 48
300 48

1800 48
500 48

1800 48
2100 48
400 48

2300 48
1500 48
2800 48
2400 48
2400 48
300 47
800 47
450 47

1800 47
400 47
300 47

1500 48
800 47
s00 47

2200 47
2400 47
2000 47
400 47

1000 47
2600 47
2100 47
1800 47
2200 47
200 46
800 46
800 46
500 46
200 47
400 46

1800 46,1400 46
I 1100 46
2400 46

I 1600 46
i 2500 46
1500 45
1800 45

L62

04
02
32
r3'
05
39
T5
36
03
35
05
43
23
36
L2
59
48
l9
18
I5
15
00
I6
28
22
o2
24
51
42
23
13
41
47
22
2T
IB
19
01
00
05
4B
33
34
00
40
37
48

L24 00
123 02
L22 19
L22 04
L22 02
r21 43
12I 38
121 23
121 28
LzL 24
LzL I8
l2l 07
I20 24
118 44
117 03
L24 24
I23 58
r23 s4
123 26
I23 25
L23 12.
L23 05
LzL 56
LzL 45
L2T 40
t2L 34
LzI 32
LzI 39
LzI 20
TzL 22
LzL 07
r20 44
}I7 L2
r23 44
I23 30
L23 15
I22 52
L22 44
L22 22
L22 18
L22 L7
L22 03
L2L 40
121 10
12r 02
L22 08
LzI 41

L4
I6
15
15
15
16
15
15
16
l-5
I6
15
15
15
I6
14
I4
14
14
l4
16
L4
15
16
t6
I5
L4
t5
I5
I5
I5
16
15
15
16
I5
L4
15
15
t5
I6
16
I4
t6
I5
15
t51500 -



Oregon

81. Hebo
82. Grand Rond
83. Vernonia
84. Sandy
85. Cherryville
86. Pine Grove
87. Waldport
88. Upper Soda
89. CoquiIIe
90. OIalIa
9I. Brookings

Elevation Latitude
feet o I

Longitude No. ofo I trees
400
500 -

2000 -
100

3 000
1,00 -
800 -

500 45
700 45
700 4s
900 4s

2400 45
2400 45
300 44

3500 44
400 43

1100 43
1200 42

L23 sl
L23 36
r23 t3
L22 18
122 08
121 23
L23 52
L22.12
L24 10
L23 34
L24 L2

13
06
46
23
l9
06
24
23
12
05
o7

t5
16
ls
15
15
t5
15
15
14
I

16

Province or State
Number of

Provenance Trees

British Columbia

Washington

Oregon

33

47

1r

474

710

tsI

Totals 91 r,335
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THE FOREST TREE SEED BUREAU

B,S.P. Wang
Petauaua Forest Eapeninent Station,

Chalk Riuer, )ntanio

In 1966 the Department of Forestry and Rural Develop-
ment appointed an officer to establish the Forest Tree Seed
Bureau it the Petawawa Forest Experiment Station with a view to
meeting the frequent demands for tree seed of known origin and
quality for research in silviculture and tree breeding and gene-
tics. The purposes of the Bureau ares (1) to provide inform-
ation on tree ieed procurement in Canada and abroad, (2) to
maintain a seed bank of Canadian and of important exotic tree
species to supply and exchange tree seed, (3) to investigate
ana improve sllndard methods of collection, processing and
storage of tree seed and for test,ing of seed quality, (4) to ex-
amine national and international standards for tree seed cert-
ification and (5) to study the morphology and taxonomy of seed
and germinants of Canadian tree species.

Information on seed procurement, including names of
Persons and institutions willing to supply tree seed, is being
gathered and it is mainly through this source that seed is pro-
cured for the seed bank. A11 seedlots are registered as to
species, geographic origin, physiographic and. climatic data,
alte and manner of collection, conditions of seed extraction
and seed quality.

The Bureau is equipped with facilities that include a
small seed extraction plant, cold (2C) and frozen (-18C) storage
space, and a laboratory tor germination tests and other seed
analyses.

SEED PROCUREMENT AND SEED SUPPLY

Native tree seed of 88 seedlots was procured by the
Seed Bureau through local collections, assistance and coopera-
tion of provincial forest services and regional _offices of the
Department of Forestry and Rura1 Development and through !h9
seed trade. A total of 311700 grams of seed was collected from
15 softwood and hardwood species. Some of the seeds represent
general collectionsi otherl are. single tree collections.

In reply to 22 requests from canada and other count-
ries, seed of 2b ipecies rai aispatched to 11 different countries.
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SEL:D YIELD OF L967 LOCAL COLLECTIONS

1967 was a good seed year for most of the important
natlve tree species in Ontario, especially for Thuga oeeiden-
talis, Picea gLauea, Pieea naniana, Lania Lanieina-and Betula
aLLeglzaniensis. Table 1 illustrates seed yield of eight species
cdl.Iected from the Petawawa Forest Experiment Station area, from
Kiosk near North Bay, Ontario, and from northern Ontario in L967.

The difference in seed yield between the Bureau and
the Ontario records might have been due to either the size of
sample or frequency of sampling.

It was noted that seed of Aeen saeeharurz has only
43 572 filled seed based on L967 collectj.ons from Lake Dore,
Kiosk, Grand Bend and Harriston, Ontario. The hiqh percentage
of, empty seeds seems to be a common characteristic in this
species as only one of the seed in the paired samara is viable
(For^retr.ls 1965).

Table I. Seed yield in Ontario in L967

Species

Clean seed
yield per
bushel of
fruit or
cones

Average weight
of clean seed
per'bushel of
fruit or cones

Average weight
of clean seed
per bushel of

cones.
Ontario*

Aeer sacchay,um

Betula aLLeghaniensis

Fagus gnandifolia

Laris Lanieina

Picea gLauca

Pieea maniana

Pinus banksiana

Pinue strobus

g"am8

3299

L795

2042

813

259

L47

240

250

pounds

4.52

3.97

4.52

L.79

.57

.33

.53

.55

pounds

.55

.73

.40

.41

.81,

*Anon. 1963. Manual of seed collecting.
Lands and Forests, TM-5L3.
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SEED PROCESSING

Excellent seed yield of l,opulue species has resulted
from using the compressed air technique (Roe and McCain L9621.

Picea maniana seed has been extracted by soaking the
cones prior to each of the three kitn dryings. This procedure
seems to produce twice the number of seed per cone as conven-
tional exlraction with only one kiln drying. Further work will
be done on extraction and de-winging of this species.

SEED TESTING

Laboratory germination tests of tree seed are made
according to the rulei prescribed by the International Seed
Testing issociation (fg6e) and the Association of Official Seed
Analys{,s (1965). With modern germination cabinets equipped 

-with- Iight, automatic day-to-night alternating temperatures and
over 958 relative humidily, l00t germination of many tree seeds
has been obtained. Complete germination of seeds of unchilled
P. glauca and P. napian-a has 6een achieved after three weeks
una6b 20 3OC alternating temperatures, $-hour light and over
95* relative humidity. Tfre results are in agreement'with Heit's
earlier work (195I).

sEEp I4oRPHOLOGY

During seed testsr polyembryony was found .in Ftan'inus,
Iili,a and queneio species. The polyembryony found in these
species appears to have originated from two or more embryo saes
iir an ovute, each of which developed to an embryo (Maheshwari
1950 p 353).

X-RADIOGRAPHY

Analysis af seed quality by non-destructive x-radio-
graphy was tested with the C.f. La-90 Industrial X-ray machine
wnilfr-has a range of O-40 kvp and 1-5 ma. Standard procedures
for testing p. -strobus seed were established while procedures
for other species are being worked out.
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POLYPLOIDY INDUCTION IN POPLARS

L. Zufal
Uniueneitg of Tononto' Totonto, Ont.

In a series of experiments, induction of polyploidy
was attempted in poplars by using chemicals with known or suP-
posed C-mitotic effects to treat the vegetative tissues and the
generative organs of the plants.

METHODS OF TREATMENT

The following treatments were tested: (l) soaking
germinating seed in the chemicals, Ql absorbing the chemicals
ihrough the root system of 2-4 day old seedlings, (3) absorb-'
ing the chemicals Lhrough young green aspen sprouts and then
rooting them, (4) absorbing the chemicals through the root
system of rooted young aspen sprouts, (5) submerging fast gro$t-
ing young shoots in the chemical solution, (5) submerging pol:
linated iemale catkins in the chemical solution, and (7) sub-
merging. male inflorescences in the chemical solution'or absorb-
ing the solution through branches with inflorescences.

CHEMICALS USED

polyploidy induction was attempted using the following
chemicals and concentrations:

Acenaphthene oversaturated aqueous solution
Auramine - 0.01-0.58 agueous solution
Aurantia 0.001-0.019 aqueous solution
Chloral hydrate - 0. l8 aqueous solution
Colchicine 0.01-0.22 aqueous solution
Dihydroquercetine overiaturated aqueous solution

, oiphenylamine oversaturated aqueous solution
Heiachi-orocyclohexane - oversaturated agueous solution
Hydroxyquinoline - 0.0I-0.02 moI/I aqueous solution
tndoleacetic acid - 0.00I-0.58 aqueous solution
Kinetin - oversaturated aqueous solution
Paradichlorobenzene saturated agueous solution
Podophyllin - oversaturated aqueous solution
Sodium-cacodylate 0.05-18 aqueous solution r

I Po.sent addness:
Southern Research

Ontanio Department of Lands and Fonestst
Stat ion , Map Ie , Ont .
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Tribromoanaline - oversaturated aqueous solution
Urethane It aqueous solution

The germinating seed and the young seedlings r^rere
treated with aII the chemicals. OnIy colchicine and acenaph-
thene were used in Treatments 4-7. The aspen sprouts (Treat-
ment 3) were treated with acenaphthene only.

MATERIALS

The following sources are the sources of seed treated:
(I) P. tremuloides Michx. open pollinated seed from a single
tree, Maple, Ont., (2) P.'grandtdentata Michx. open pollinated
seed from a single tree, Petawawa, Ont., (3) P. tacamahaea l,lill.
open pollinated seed from a single tree, Toronto, Ont. ' (4) P.
deltoides Marsh. open pollinated seed from several trees, Turkey
Point, Ont., (5) P. eaneseens (Ait. ) Sm cI. 'C-18", open pol-
Iinated seed from a single tree, Maple, Ont.

The treatment of young sprouts ancl shoots l^tere per-
formed on the following: (I) one-year-old seedlings, open pol-
Iinated.progeny of P. eaneseens (Ait.) Sm "cl C-I8", (21 One-
year-old seedlings, open pollinated single tree progeny of P.
tnemuloides Michx., Thunder Beach, Georgian Bay, Ont.

Polyptoidy induction in the pollen grain was attempted
with male inflorescences of P. tremuloide's Michx., Map1e, Ont.
The newly formed embryos of P. tnemuLoides (Maple, Ont. ) x (P.
alba x tremula, hybrid no. AE 281 htere treated.

The materials were made available for experimenting
by Dr. C. Heimburger, Southern Research Station, Maple.

METHODS OF CHROMOSOI{E COUNTING

The ploidy level of treated plants was checked by
chromosome counts in mitotic cells. Samples were taken from
the stem and sometimes from both the root and stem of 6-7 month-
old plants, or 1--2 months after treatment of the shoots-

The following microtechnique for chromosome counting
was developed: expanding top-leaf buds or root tips were taken
between t0-12 AM. The expending leaf buds were pretreated in
a saturated aqueous solution of p-dichlorobenzene for 4-5 hours
in a refrigerator. The root tips were pretreated in 0.018 col-
chicine solution for a $ hour or in saturated aqueous acenaph-
thene solution for 2 hours. The samples were fixed in 3: I
acetic-alcohol, hydrolysed at 60C for 10-12 minutes in lN HCI
and stained in Feulgen reagent.
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This rnethod assured a relatively good number of well-
spread chromoeome plates. Howeverr dlt exact count was very
dlfficult because of the high number (2n-38) and emall size
(0.5-2u) of the chromoeomes. For this reasonl the establish-
menb of the presence of aneuploids was impossible. On the other
hand, the distinction of polyploids from diploids was not dtf-
ficult

The results of pollen treatments were determined on
the basis of pollen-diameter measurements

RESULTS

Treatment

The most effective treatment was that of young seed-
lings or absorbing the chemical solution through the root sys-
tem for 2-4 days. Treating the germinating seed for 1-4 days
had a similar effect. However, it resulted in a higher mortal-
ity rate when chemicals with toxic effects were used. Somewhat
less.effective, but still satisfactory' was the treatment of
rooted aspen sprouts by absorbing the acenaphthene so.lution
through'the root system for 20 days.

Soaking freshly picked aspen sprouts in acendphthene
and treating young aspen shoots after etiolation by submerging
them in colchicine and acenaphthene resulted only in the Pro-
duction of a Iow percentage of mixoploids

Treatment of pollinated female catkins by submerging
them in colchicine and acenaphthene solution gave no result.

Better results r^tere obtained with expanding male
flower buds by absorbing the colchicine solution through whole
branches for several days than by submerging the catkins in
the solution.

Chemicals

Almost all the experimental chemicals were effective
to a greater or lesser degree. Some of them were tested in
only one or two concentrations, which does not allow the draw-
ing of final conclusions as to their value.

The highest proportion of polyploids (75-100t) was in-
duced with hexachlorocyclohexane, but the test concentration
(oversaturated aqueous solution) was toxic and only a very low
percentage (3-68) of the treated plants survived-
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Good results were obtained with colchicine treatmente
(3Ot induced polyploids). The toxicity of this chemical was
lower and the plant survival rate higher (30-509) than with
the hexachlorocyclohexane .

Experiments hrere performed with auxins, the objective
being the regeneration of'the young seedlings treated with
colchicine of hexachlorocyclohexane. Two methods were tried,
adding the auxins together with C-mitotic agents or adding then
after the polyploidy induction treatment. One to 10 ppm con-
centrations of indoleacetic acid, indolebutyric acid, naphtha-
leneacetic acid, kinetin and 50 ppm of gibberellic acid brere
tried. The indoleacetic acid treatments were effective, but
particularly so when combined with colchi,:ine. The gibberellic
acid treatment had a negative effect on root regeneration.

Relatively good results (I0-25t) induced polyploids)
were obtained with acenaphthene and paradichlorobenzenei these
chemicals were of low toxicity and the treated plants regen-
erated easily.

Treatments with sodium cacodylate, of very high
toxicity, urethane, of high toxicity, aurantia, indoleacetic
acid and podophyllin, of low toxicity, also resulted in. poly-
ploidy induction (5-IOt).

The induction of mixoploids, only, resulted from
treatments with auramine, tribromoanaline, diphenylamine,
chloral hydrate, dihydroquercetine and kinetin. A11 these
chemicals were of medium toxicity except dihydroquercetine,
which was very toxic.

In one variantr gibberellic acid (50 ppm) htas given
to the young seedlings through the root system, together with
the C-mitotic agent. This treatment was sirpposed to increase
shoot elongation, penetration of the drug and rate of ceII
division. It resulted in a more expressed variability among
treated plants. However, the increase in the rate of induced
polyploidy was not significant.

In a variant of the treatment of generative organs by
submersion, dimethyl sulfoxide in 2t 5 and lOt concentrations
was used together with colchicine and acenaphthene or to pro-
mote penetration of the drug. These concentrations were appar-
ently too strong and in most cases killed or poi-soned the
treated tissue
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DISCUSSION

The poplar species in experiments showed a well ex-
pressed difference in sensitivity toward C-mitotic chemicals.
Almost always, P. taeamahacd was the least sensitive to pOison-
ing and the first in regeneration; P. tnemuloi,des produced the
greatest number of induced polyploids and P. deltoi'des the
least. This behavior was similar in almost all experiments.
An exception to the rule was found in the P-dichlorobenzene
treatment, which was more effective with P. deltoides than with
other species.

A relatively high number of mixoploids were producedt
even with the Iess effective chemicals. These plants maintained
their chimaeral character during the first 6-8 months of devel-
opment without showing more expressed disturbances or difficul-
ties in development.

In some cases polyploidy on the higher than tetra-
ploid level was found; the existence of mixoploids on polyploid
IeveI was also probable. Irregularities were observed in growth
of such plants.

' Many of the polyploids and mixoploids at the tetra-
ploid level developed almost normally, sometimes even showing
very vigorous growth. They were characterised by larger,
coarser dentate leaves.

fn many cases, the large abnormalities in growth
could be due to the toxic action of the chemicals, rather than
to the polyploidy or mixoploidy at the tetraploid or lower
levels. Observations and comparisons of the appearance of
plants analyzed for chromosome number support this thinking.

The poplar species in these experiments expressed a
very characteristic behavior in respect to these abnormalities.
In llmost all experiments, P. deLtoides I^tas the species with
the most abnormal appearing plants, and P. tnemuloides the
species with the least abnormalities.

Additional experiments are necessary with those chemi-
cals which were effectirre, particularly those which have been
previously less extensively used for polyploidy induction. More
information is needed on their mode of action and their effect
on dividing ce11s.

173



SUTT'IMARY

Poryploidy induction was attempted in flve poplar
species with t6 different chemicals using various treatmentson vegetative tissues and generative organs. The most signi-ficant conclusions of this work are as iollowsr

(1) Absorbing the c-mitotic agent through the rootsystem gf young seedlings or rooted young sprouts was found tobe an effective means of inducing poiypfoidi/.
(21 Chemicals other than colchicine were experimentedwith and found to be effective for poryploidy induction. Theseare' in order of effectiveness, hexichtorocylfohexane, acenaph-thene, paradichlorobenzene, sodium cacodylaie, urethane,aurantia, indoleacetic acid and podophyllin.
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CURRENT WORK OF THE TREE BREEDING UNIT

L. Zufa
Southern Reseaneh Station, Maple, )nt.

In JuIy 1967, D.P. Fowler's position in the Tree
Breeding unit was filred by L. zufa. c,c. Heimburger retired
from the unit on I February 1969. Miss R.M. Rauter is return-
ing in the surnmer of 1968 after completing her thesis work.

work with spruce, poplar, white pine and hard pine
continues on an active basis, while work with cedar continues
on a maintenance basis.

SPRUCE

Objectives

The improvement of white
and intraspecific breeding and the
of su.perior growth, form and wood

Methods

and black spruce by selection
development of hybrid spruces

quality, resistant 'to diseases.

I. Selection and intraspecific breeding in white and
black spruce. Breeding of geographically distant provenances.
Progeny testing and variation studies.

2. Development of breeding arboreta. Acquisition of ex-
otics and representatives of native species

3. fnterspecific breeding.in combinations known for cross-
ability to induce hybrid viqor, desired ecorogical tolerance
and other characteristics of silvicultural importance.

4. fnterspecific breeding on an exploratory level or to
establish crossability patterns and to obtain preliminary in-
formation on the characteristics of the hybrids.

5. Study of floral morphogenesis, of fertilization and
embryogenesis to support interspecific breeding.

Discussion

The spruce project of the Tree Breeding Unit is a
recent one dating from 1964. fnterspecific breeding on an ex-
ploratory level has been the main effort and will be continued.
Studies of floral morphogenesis, fertilization and embryogenesis
will be initiated to facilitate the breeding work.
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Emphasis wilI be put on interspecific breeding in com-
binations which may give hope for significant improvements in
silvicultural characteristics, as well as an extension in the
ecoloqical range of native spruce. Crosses such as P. glauca
x abies, P. glauea x iezoensis, P. glauca x pungens, P. mariana
x glehnii, P. obouata x maniana, P. abies x maniana, P. maniana
x omoriea, P. mani,ana x koraiensie, P. mariana x rubene, will
be attempted, using appropriate selections of parent trees.
When direct crosses are not feasible, multiple crosses wiII be
attempted.

More attention will be paid to the selection of white
and black spruce in order to acquire the appropriate parent
material for interspecific and intraspecific breeding. Compara-
tive field tests will be started to evaluate the silvicultural
value of the hybrids.

Current work

1. Cultivation, in the greenhouse, of seedlings from the
1967 seed crop.

2.. In the spring of 1968 the following material was ac-
quired and grafted: -

P. mariana, Alberta provenance I0 trees
P. smithiana, YaIe University 2 trees
P. mariana x rubens, New Brunswick - I0 trees
3. Sparse flowering limited work in 1968 but potlination

was accomplished in the following combinations:
P. abies x P. mariana
P. abies x P. glauca
P. abies x P. rubens
P. (si,tchensis x glauea) x P. abies
P. aspez.ata x P. glauea
P. asperata x P. mariana
P. jezoensis x P. gLauca
P. jezoensis x P. mariana

POPLARS

Obj ective s

The improvement of native poplar species and the de-
velopment of hybrid poplars of superior growth, good form and
desired wood qual iLy, resistant to diseases and suitable for
the future'needs of poplar timber production under varying con:
ditions in Ontario.
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Methods

Methods will depend on the requirements of the mainpoplar areas in Ontario.
t. Southern Ontario conditions, aspen sites.

a) Selection in previously produced interspecific
hybrids to produce aspen clones that propagate

;::illuolnl:3:*:i:Er331"" and possess other

b) Production of F2 hybrid generations of intefspeci-
fic hybrid parents to develop hybrid poplar clones.

2. Southern Ontario conditions, cottonwood sl-tes.
a) Cottonwood selection and study of its variations,
b) Interspecific crosses of P. deltoides with p. nigra,

3;,!1i,to:n:l:.i;.!Zl"rZZ';""Iu!?r3:H1"3":l:;i:"f 'n
requirements.

3. Central and Northern Ontario conditions, aspen sites.
a) Aspen selection and study of its variation.
b) Interspecific crosses of P. tremuloidee and P.

grandidentata with European and Asiatic aspens to' produce uniform hybrid populations with desired
characteristics .

c) Interspecific crosses between aspen and cottonwood

:l:l:3",n,T::i:";":;::3"i3i*:{.::u $3liii5,.,
induction in hybrids to facilitate breeding work
and assure a higher rate of improvement.

4. Central and Northern Ontario conditions, cottonwood
and balsam poplar sites.

a) Selection of cottonwoods, "jackii" poplars and
balsam poplars and study of their variation.

b) Crosses of P. delt.oides with P. jaekii and P.

!x3" i:', [i I : J ". f, : " : ] :E 
" 

" 3 l' : :H:i,H 3:'u 
c r on e s

5. Field production tests of the newly produced hybrids
in cooperation with silviculturists.

6. Acquisition of a gene pool of poplar exotics for the
realization of the aims of interspecific breeding.

Discussion

Breeding of poplars under Dr. Heimburger's guidance
started in 1946, the objectives being the development of aspens
for Southern Ontario conditions. This work has now reached the
stage where a selection of t_rees in existing hybrid populations
can be made and the development of new clones that can be easily
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propagated vegetatively can be attempted. Selected_F1 inter-_
ipeliiic tryUrias can now be used for the breeding of F2 hybrid_
glnerations of unrelated hybrid parents. Production of entirely
new types of poplar hybrids and the induction of genee for root-
lng ability may be expected from these crosses-

fn the pastr no attention $ras paid to the improvement
of aspens for CenLraI and Northern Ontario conditions and to
the iirprovement of cottonvroods and balsam poplars. Thg growing
capacity of these poplar species, the possible industrial value
of- popllr timber and- the suitable ecological conditions for
their- growth predict the necessity of beginning such a project
for fufure neLds. The results obtained in poplar improvement
here and elsewhere in the world gives hope for relatively rapid
success.

Current work

1. Forty-one trees were selected in the existing hybrtd
aspen populations and regrafted.

Z. Two hundred and four hybricl aspen clones (ortets) with
a total of 41310 cuttings (ramets) were submitted to a rooting
trial.

3. The following new selections were made and scions for
vegetative reproduction and branches with flower buds were
pr6curedt cottonwood and "jackii" poplar in Southern and Cent--ral Ontario 7 treesi aspen from Northern and Central Ontario -
t4 trees; and "jackii" and balsam poplar, from the Boreal for-
est region - 11 trees.

4. In the spring of 1968, hybrid seed was prodr:ced and
seedlings originaling from the following crosses were developedt
(general listing)

For Southern Ontario conditions
P. eaneeeena x (p. aLba x si'eboLdii)
P. eaneaeens x (P. alba x grandidentatal
P. caneyeens x (P. alba x dauidianal
P. eaneseena x (P. alba x adenopodal
P. alba x e- eaneseens x gradidentata)
P. alba x sieboldnn
P. (gnandidentata x dauidianal x (alba x grandidentatal
p. (-gnandi.dentata x dauidiana) x (alba x sieboldiil
p. ("gnandidentata x dauidtana) x (alba x tremulal
P. ktAa x gnandidentatal x glandulosa
P. (alba x grandidentata) x @Lba x tremulal
P. (alba x -grandid'entatal x (alba x sieboldiil
P. ialba x "grandidentata) x (aLba x daoidianal
P, (alba x gnandidentata) x sieboLdii'
P. sieboldni x @Lba x gnandtdentata)
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P. eteboldii x (alba x datidianal
P, eieboldii x ialba x tremulal
P. eaneaeene x (P. eanescens irradiatedl + deLtoideel
P. caneeeene x (P. eaneseens irradiatedl + iaekii'l
P. .alba x (P. eaneseens irradiatedr + dettoideel
P. alba x (p. eaneleene irradiatedl + trichoearpal
P. deltoides x nigra
For Central and Northern Ontario conditions
P. tnemuloi.dee x sieboldni
P. tremuloides x tremula
P. tremula x tremuloi,dee
P. tnemuloides x (tremuloi-d.es irradiatedr + iaekiil
P. tnemuloid.es x (tnemuloides irradiatedr + baleamiferal
p. tremuloid.es x itnu^uloides irradiatedr + deLtoideel
P. tremula ; ltremuloides irradiatedr + deLtoidesl
P. tremuli ; itnn^uloides irradiatedr + iackiil
P. deltoidee x iaekii
P. deltoides x balsami'fena
P, deltoides x tniehocarPa
5. Maintenance work and observations of the previously

established objects are underway-

WHITE PINE

Objectives

The imProvement of eastern
and breeding and the development of
superior growth, good form and wood
ter rust and weevil.

Methods

I. Selection and intraspecific breeding in eastern white
pine. Progeny testing.

2. Provenance anrf variation studies in eastern white pine'

3. Interspecific breeding in promising combinations such
as P. 

- gnif f nt,hni x strobus t6t blister rust resistance and
for hyLrid- vigor, p. peuee x strobus for weevil resistance or
p. moitieola ; strobu-s for shade tolerance and weevil resistance'
Progeny testing.

lPolIen irr:adiated at I0,000 r per minute' total 200'000 r was

used. The expected effect of irradiation was in kiIIed nucleus
and viable cYtoPlasn.

white pine bY selection
hybrid white pines of
quality resistant to blis-
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4. Development of
tings and needle bundles

Discussion

clones, by means of rooting stem cut-
with induced buds.

Emphasis wilt be on improvement of growth rate' stem
form and branchiness, in addition to blister rust resistance.

Seemingly blister rust resistant trees vtere found to
produce progenies with different degrees of resistance. There-
forer lllor.€ attention will be paid in testing the ability of
these trees to transmit resistance to their progeny.

The newly produced populations will be tested for
blister rust resistance. The seedlings will be cultivated and
infected in tublings ancl kept under artificial conclitions of
temperature and light. This wilt allow for the handling of a
larger amount of material and for the shortening of the time
necessary for testing.

Resistant individuals will be selected for rooting
ability. It is hoped that starting with young seedlings, and
taking cuttings only from the newly rooted cuttings' the young
physiological age of the reproductive material and its good
rooting abllity can be maintained.

Comparative field tests will be established. Accurate
testing of blister rust resistance wiIl be attempted by means
of replicated clonal tests. It is hoped that the development
of white pine clones will al1ow for a rapid solution to the
blister rust problem.

Current work

1. Cultivation of the seedlings obtained from L966/67
seed crop, in tublings.

2. Grafting work: new selections 9 trees regrafting
for blister rust testing - 36 trees.

3. Rooting tests with stem cuttings and needle bundles;
bud induction in needle bundles.

4. Interspecific breeding work. combinations: P. gnif fi'_-
thi x strobus, b. @riffithii x strobusl x stnobus' The breed-
ing work is limited by tlt. lack of pollen collections.

5. Maintenance work ancl observations of the previously
initiated objects
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HARD PINES

Objectives

The improvement of the red pine by
breeding and the development of hybrid hard
growth, form and wood quality, resistant to
able to Ontario conditions.

Methods

selection and
pines of superior
disease and suit-

1. Selection and intraspecific breeding in red pines,
emphasizing the crosses of geographically distant provenances
and of evidently distinct genotypes.

2. Interspecific crosses of red pine with related pines
using irradiated red pine pollen (with killed nucleus, but
viable cytoplasm) as an intermediate.

3. Species crosses within the series Sylvestris, to de-
velop new hybrid pines with superior characteristics.

Discussion

The breeding of 2-needle pines started in L946, the
objective being the induction of resistance to the European
pine shoot moth. This can no longer be considered of particular
importance in most parts of Ontario.

The study of variation and inbreeding in red pine,
completed by D.D. Fowler, shows that there can be little hope
for red pine improvement using conventional methods of selec-
tion. The search wilt be continued for differences among geo-
graphically distant provenances. It appears that red pine
cannot be crossed with other pine species by using ordinary
breeding techniques, New techniques must be developed and the
reasons for incompatibility studied.

The development of entirely new hybrid types of hard
pines is being attempted. It is hoped that the new types will
be adaptable to a wide range of ecological conditions and that
they can substitute for red pine if a pest threatens to destroy
this geneticatly uniform species in the future.

Current work

1. Cultivation of the hybrid seedlings obtained from
1966/67 seed crop.
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2. Attempts at interspecific breedins in red pine in the
following combinations z P. resinosa x (P. neeinoea irradiatedl
+ P. nignal, P. resinoea x (P. reeinosa irradiatedl + P. Leuoo-
dermisl. The breeding work is limited by the lack of pollen
collections.

, 3. Observations and maintenance of the established objects.
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SPRUCE SYMPOSIUM



WHITE SPRUE.E SEED SOURCE VARIATION
AND ADAPTATION TO 14 PL.ANTING SITES

IN NORTF,{EASTERN UNITED $TATES AND CANADA

,1.
tlans Nienst,aedt,

Prineipal Plant Genetieiot, Institute of Fonest Geneties,
Nonth Central Foreat Eppeni,nent Station,

It: 5., . Depantment of A,giieultire , Fop.est Seroiee ,

Research on provenance and genetic variation in white spruce
(Pieea glauea (uoench) Voss) has been in progress in Canada and the
United States only since about 1950. Genetic inforrnation on the
species, therefore, has been lirnited to a few publications by Ho1st
(1958, 1960), Genys (1965) and to some recent work by Roche (1967).
Taxonomic studies by Taylor (f959) and Garman (1957) have considered
the relation between P. gLauca and Picea engeLnannii Parry.

HoLst's work suggested the existence of two clines in white
spruce - one located west of, and the other east of Petawawa, Ont.
The annual growth of seedlings from both clines planted at Petar^tawa
decreased with increasing latitude of-the seed source, but at a faster
rate in the eastern cline. IIoIst's work also suggested the existence
of edaphic ecotypes adapted to limy sites. cenys (1965) described
two clines in eastern Ontario and southern Quebec. Seedlings from the
Denbigh, Ont., and St. Maurice River, Quebec, sources were high yield-
irg, and seedlings from both cLines showed east to west declines in
growth. The boundary between the two clines feII between 76o and 77oE
Iongitude.

The western workers (Roche Lg67 , Taylor Lgsg, Garman 1957)
demonstrated gene interchange between P. glauea. and P. engelmannii aE
intermediate altitudes in British Columbia where the two species over-
lap.

Our provenance studies consisted of white spruce seedlings
from 29 sources gro\dn in a Wisconsin nursery and field-tril-anted in 14
locations across the northern United States and southern Canada. The
test region extends from 42" to 48oN in latitude; and from North
Dakota to New Brunswick. Seed-source performance was evaluated by
height growth of seedlings during 5 years of field testing. The anal-
ysis and discussion will consider the adaptation of the plants to the
highly variable sites of the test region.
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MATERIAL AND METHODS

seed was corlected in 1955, 1956, and 1957; the canadianseed source collections were generally stand collections from manyparent trees, while the'United States collections were from about-L0parent trees per seed source (Table l).

Table 1. White spruce seed source locations.

Seed
source
number

State or
province

Latitude
ON

Longitude
ow

Number trees
in

sample*

1628
16 30
163 t
1644
164s
L646
L647
L649
1652
1653
l-654
165 5
]-657
1558
1559
166 0
166 1* *

L662
1663
]-664
166s
L667
1669
L67 6
l-677
L678
1686
168 7
1697

S. Dakota
Montana
Manitoba
New York
Wiscons in
Minnesota
Minnesota
New Hampshire
Alaska
AIa ska
Alaska
Maine
Labrador
Labrador
New Brunswick
Quebec
Quebec

Ontario
Ontario
Manitoba
Saskatchewan
Yukon
Minnesota
Michigan
British Columbia
Manitoba
Ontario
Ontario
Saskatchewan

o

44-LO
46-48
49-5I
44-23
45-4I
47-33
47 -33
44-5L
65-2L
63-45
55:35
44-50
52-36
53-46
47 -50
46-32
48-I8
48-13
48
45- 44
54-39
s9- 19
6 0-49
47 -33
44-30
54
56- 56
52-15
48- 30
49-40

10 3-55
109-3I

99-30
7 4-6
89-7
94-9
94-I0
7I-26

14 4- 30
14 4-53
14 5-11

68-38
56-26
60-05
68-2L
7 6-30
7 L-22
71-38
8l
76-5L

10r-36
105-59
135-3s
94-8
83-45

123
92-5r
8t-40
8 9-30

109-40

I3
5
s

10
10

2
2

10
6
S
I

15
s
S

S
S
S

S

s
S
S
S
6

L7
S
S

25
S
S

*S indicates stand
**This seed source

collection.

includes samples from two areas.
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Cold-soaked seed was sown in the Hugo-Sauer Nursery near
Rhinelander, Wis. (approximately 45' 40rN), in row plots across the
seedbed with four replications.. After 2 years in the nursery, the
seedlings were transplanted and then grown for another 2 lfears until
field planting in 1962. The distribution of plants to cooperators
variedi those in Minnesota reeeived 2-0 stock i-n-1960 and transplanted
the material in local nurseriesi the others received 2-2 stock in the
spring of 1962 imnrediately prior to fie-Id p1anting,,l . : :

FieId Testing

AII test sites vrere planted with 2-2 stock except those in
Lower Michigan, which were planted with 2-3 stock. Plantation estab-
Iishment and maintenance varied widely among the '14 locations; trees
were planted on intensively cultivated soil at some sites, and directJ.y
on the existing sod at others (Table 2). Repeated chemical treatment
and fertilization were used in some plantings, while others received
Iittle or no maintenance. As a result, mean tree growth varied greatly
among plantations, reflecting both the degree of site preparation and
maintenance and the actual differences in climate and site.

A randomized block design was used for aII tests, but the
number of blocks and plot sizes viried. Most commonly used were four-
tree plots with I0 blocks. The number of, seed sources tested in the
plantations also varied, but the basic number was 28 (one Minnesota
seed source was excluded). The Denbigh, N.D., planting included only
15 seed sources, but all others had at least 22 {Table 2). Total-
heights after 5 years of field testing,are reported here.

RESULTS

Survival exceeded 808 in all plantings except Denbigh, N.D.;
Bergland, Mich. i and Cadillac, Mich. There were significant differ-
ences in seedling survival'among seed sources in eight of the plantingst
due larjety to poor survival of, seedLings from three Alaskan sources
and one Yukon source. The other sources showed only minor differences
in seedling survival.

Seed-source differences in seedling height growth after 5
years were highty significant (Table 3). The interaction between the
seed sources and plantation environment was also significant, although
interaction trends were difficult to determine. A rank correlation
analysis between height growth in the nursery and height growth in lI
of the field tests failed to shed much. light on the interaction. In
all eases, r was positive and relatively high (r >0'.73), indicating
that the railkinq of tfre seed sources on the basis of height growth was

IThanks ane due the following cooperators for their assistance with
seed col-Iection and planta-tion establishment: Mank; HoIst' Petawawa
Fonest Experiment Stjtion; Profe.ssor S. S. PauIey, University of
Minnesotal Professor Jonathan W. !'lnight, Michigan State University;
the Northeastern Forest Experiment Station, USDA Forest Senvice; and
Dr. H.G. MacGiIfivray, Frederictonn New Brunswick.
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relatively uniform from one field test to the next. The significant
interaction must, therefore, result largery from the relative mag-
nitude of the response of the seedlings from the'seed sources to the
changing environment.

To further interpret the data on height growth, we used the
technigue developed by Finlay and'Wilkinson (1963) and applied to treeqenetics by Morgenstern and Teich (f968). Finlay and Witkinson used
the method "... to describe the adaptation response of individual
varieties to the range of environments in whiih they were grown and
to assess a population of varieties for adaptation and yield per-
formance; I' Using the mean heiqht growth of seedlings from each seed
source and the mean height growth of seedlings from all seed sources
at each of the planting sites as items in the analysis, we computed
the linear regressions of seed-source means on plantation means for
each seed source (Table 4 ) . All but four of the coefficients are
based on Il to 14 plantations, Seed sources 1652, 1667, L678, and
1697 were included in only five or six plantings, thus their co-
efficients are less reliab1e. Because the mean heights of these four
seed sources are not comparable to the others, they have been left
out of Table 4.

If the correlation eoefficients are high, the regression
coefficients are measures of the "adaptive stability" of seedlings from
the seed sources to the best environmbnts. Clear1yl if the scatter
of the seed-source means around the regression line is great, the
seedlings from.the seed sources are low in adaptive stability. A re-
gression coefficient of about I indicates average stability; if it is
associated with a hiqh mean height growth, the seed source has seed-
lings with general adaptability to alt 14 environments. In other
words, the seedlings from this seed source have better than average
height growth on aI] sites and.their response to a change in sites
clos'ely follows the average response of seedlings from all seed
sources in the test. Seed sources 1660, L662 and 1647 are examples
of seed sources havinq seedlings with general adaptability to the
test site conditions,(Fig, 1).

on the other hand., if a regression coefficient of 1 is
associated with a low mean height growth, it describes a seed source
with seedlings poorly adapted to all- the environments

Regression coefficients above 1 describe seed sou;ces with
seedlings of, beLow average stability, but with above average response
to site improvements. Depending on their mean height, seedlings from
such seed sources may grow poorly on low quality test sites, yet
outperform seedLings from most other seed sources on the best sites.
Or, they may be better than average on all sites and particularly
outstandinq on the best sites. The one outstanding seed source in
this study was L663, from Beachburg, Ont. Without exception, seed-
lings frqm this seed source were above average on a1l sites and super-
ior on the very best sites. At Grand Rapids, Minn. - the best of the
planting sites - their growth exceeded the plantation average by 52eo

and the average of seedlinqs from two loca1 sources by 14?.

Regression coefficients below I indicate greater resistance
to environmental chanqe, that is, above average stability, and therefore
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Table 4. Linear regression and correlation
nean heights at each of the test
all the seed sources at the test

coefficients of seed source
sites on the rrpan heiqht,s of
site.

Seed
source
numbe,r

Number of
plantations

in test
Linear

regression
coefficient b

Correlation
coefficient r

Seed source
mean height

inches

l-628
1630
1631
L644
16 45
l-647
l.649
L6s2
1653

165 4
1555
L657
16 58
16 59
165 0
166 I
L662
1663
l-664
1665
l-667
1669
L57 6
L677
1678
16 86
16 87
t697

14
12
l_4
I4
L4
l3
l3

5
L2

II
I3
T3
13
L4
t3
I3
13
14

L4
L4

5
13
I4
L4

5
I3
L4

6

.893

.505
1. 009
1.098
I. T22
L.l-27
1. r54

.206

.4L6

.359
1. r15

,47 L
.586

1. r67
1.064
r.091
1. r54
L.429

.793

.635

.349
1.073
1. 131

.7 56

.569

.907
1.005
.8r5

.95

.79

.97

.96

.98

.94

.98

.87

.92

.75

.96

.87

.96

.96

.98

.98

.96

.97

.97

.93

.86

.95

.96

.88

.99

.93

.99

.97

2r "614.5*
2s.6
28.1
28.4
30. 7
27 .9

r3. 3*
13. 5*
28.8
17.l
20, I
27 .'6
29.8
27.2
29.7
32.6
2L.7
16. 9

28.3*
2S.L
L9.2

23.5

'2-u
*Based on interpolated values at the plantings where the source was
not included.

better adaptation to the low-yielding environments (relative to the
seed sources tested). Depending on the mean height, they may actually
describe seed source.s with seedlings that are better than average on
the poor sites, but inferior on the best sites. Or, the seed sources
may have seedlings poor on all sites and particularly inferior on the
best sites. Sources 1630 , L657, 1658 and 1665 are examples of the latter.

CIinaI variation with a latitudinal as well as a longitudinal
trend undoubtedly exists within the species. Considering the mean
provenance height for alL 14 field tests, seedlings from the southeast-
ern Ontario (Beachburg) collection rea'ched the best overall development.
In aIL cases, the farther the provenance was from this area, the poorer
the performance of its seedlings (Fig. 21. The regression coefficients
follow the same pattern, indicating that the response of seedlings from
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a seed source to changes in the test site environments decreased inproportion to the distance of the seed source from southeastern
Ontario.

The number of seed sources in this study was not large
enough to describe the variation in a transcontinental species ad-eguately. However, more complete sampling would probabry emphasize
clinal variation. Perhaps the southeastern distribution of ttre
species formg one end.qf. a twq-pr-onggQ cline that. extends igto north-
western Canada on the west side of Hudson Bay and into Labrador onthe east side. The seedlings from southeastern seed sources drecharacterized by considerable taxonomic variation. In the dtea.where
they have been field-tested (from the Lake States to the Atlantic
Ocean along the southern edge of the species distribution) seedlings
from these southeastern sources show average or below average adaptive
stability, but above average growth potential (compared to other ieed
sources in the test)

: The stability indices, that is, the regression coefficients
and the mean seed-source heights in this study do not follow thepatterns found for barley by Finray and wilkinson (1963). They cib-
served varieties of this cultivated plant that were superior on poor
sites yet inferior on good sites. They also found the other extreme -varieties inferior on the poor s,ites yet highly productive on the best
sites. .-!Ie did not find these combinations in white spruce. They
tested 'i)7 varieties of barley, and we tested'oirty 28'white spruce Iseed, sources - a fac! that may in part explain the difference. Trrro
otherexpIanationsafep1ausib1e:(I)wtri1etheadaptiverangefor
each variety of an ancient cultivated species like barley has been nar-
rowed, the adaptive range for the species as a whole undoubtedly h.as'
been extended as a resul-t of sel-ection and breeding for high yield on
both good and poor s,ites. Wild species like white spruce, on the other
hand, when cbmpeting with other, species have simply iaiteil to become
established .on ,exEreme sites, and type6 adapted to these sites have not
been'able to"evoJ-ve. (2) Seedlings from 1I of 29 seed sources were
moved 4o,9r more south'to'the mosl northerly ptanting site and were,
therefore, growing. und'6r shorter d4y length. . On the.two most southerly
sites in Lower Michigan seedlings from all sources were moved sou'th.
This would tend to cause.early ces.sation.of height growth. Therefore,
regardless of the other'site gualitibs, the'short day length may not
have aLlowed seedlings from northern seed sources to benefit from high
soil fertility or favorable temperature. and moisture regimes.

Interpreting the results in terms of the adaptation of the
seedlings from Lhese ieed sources must be limited to the region of the
field tests. The photoperiodic effects in'themselves set limits, as
do the other environmental factors. Yet, the environments tested
probably represent a spectrum wide enough to permit extrapolation to
the general region of the test plantations. It should also be pointed
out that 5 years of field testing is insufficient to completely eval-
uate the adaptation of seedlings from these seed sources to highly
variable environments. Nevertheless, it might be worthwhile to consi-
der the data from the standpoint of tree breeding. The most important
observation is that seedlings from several of the seed sources in the
test grew well on all outplanting sites. Seed sources 1647 from the
Chippewa National Forest, 1660 from Quebec, and 1662 and 1663 from
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Ontario are among the 10 best seed sources in every one of the 14 out-
plantings. fn this connection, it should be mentioned that after 29
years of field testing seedlings from seven white spruce seed sources
in northern Wisconsin, seedlings from a Douglas, Ont., source maintain
a height growth advantage of 224 over the plantation average and 168
over seedlings from the local white spruce seed source.z This in-
dicates that the 5-year data may be reliable.

This study suggests that white spruce from the entire south-
eastern part of its range might yietd excellent material for further
tree improvement in the region described by the test plantings. One
approach would be to select the best trees of the best seed sources
in the t4 outprantings. Another wourd be to start additional testing
of new seLectl-ons. The entire region should be included, but work
should be concentrated ln the area between 85o and 72oW longitude and
south of 48oN latitude, Considering that the variation among individ-
ual white spruce trees is pronounced (Holst and Teich L966, Jeffers
1968), such tests should be done on an individual tree basis. Ttris
procedure pronises to lead to new superior strains generally adapted
to the entire test reglon. It is possible that some selections, like
seedlings frorn the Beachburg seed source, hrould be below average in
adaptive stability. Therefore, progeny tests shoul-d be widely dis-
tributed from the Lake States to New Brunswick, particularly on the
best sites.

2Data on file at the
landen, Wiscons in.

North Central Forest Experiment Station, Rhine-

r93



REFERENCES

Finlay, K.W. and G.N. Wilkinson. 1963. The anaLysis of adaptation
in a plant-breeding progranrme. Austral-. J. Agr. Res. L42742-754.

Garman, E.H. L957. The occurrence of spruce in the interior of
British Columbia. B.C. Forest Serv., Dep. Lands Forests, Tech.
Publ. T-49. 31 p.

Genys, John B. 1965. Growth potentials of fifteen provenances of
white spruce from Canada, tested in Maryland. Chesapeake Sci.
6 (2) z 82-85.

Ho1st, M.J. 1958. Our cooperative white spruce provenance experi-
ment. Can. Dep. North. Affairs Natur. Resources, Forest. Br.,
Forest Res. Div. 13 p.

Holst, M.J. 1960. Genetics as a factor in quality control. Pulp
Pap. Mag. Can. 6l:140-l-44.

Holst, M.J. and A.H. Teich. 1966. Potential genetic improvement in
white spruce in Ontario. Can. Dep. Forest. Rural Develop. r.
Forest. Br. Bi-mon. Res. Note 22(5):6

Jeffers, Richard M. 1968. Parent-progeny growth correlation in
'white spruce. Can. Comm. Forest Tree Breeding, llth Ann.
Mee.ting Proc. (fn press) -

Morgenstern, K.K. and A.H. Teich. 1968. Phenotypic stability of
height.growth of jack pine. (In press).

Roche, Laurence. 1967. Variation, s6lection et amdlioration des
essences forestiEres r6sineuses. Can. Dep. Forest. Rural
Develop. Tech. BuIl Q-X-I:75 p.

Taylor, T.M.C. 1959. The taxonomic relationship between Picea
gLauea (Moench) Voss and P. engelmanni.i Parry. Ivladrono 15:
I11- r15 .

L94



INTRASPECIFIC VARIATION AMONG 2OO STRAINS
oF Two-YEAR-oLD Nonwev sPnucel

John B. Genys,
Research Assoeiate Pnofessot', Uniuersita of ManyLand,

CoLLege Pank, MarYLand.

INTRODUCTION

Norway spruce (Pieea abies (L. ) Karst. ) is an important tim-
ber tree of Europe. ft provides lumber and is the most significant
resource of the p,rlp and paper industry. In many European countries,
Norway is also a preferred Christmas tree, an appreciated ornamental-'
and a valuable windbreak.

In eastern United States, Norway spruce has long been planted
as an ornanental. Some of these early plantings may be traced back to
1876 when seedlings were sold at the Centennial Exposition in Philadel-
phia (Wright f956t. In some regions, pairs of Norway sPruce were
ptanted by newlyweds to symbolize good luck and long life. Many of
these trees grew into large and beautiful specimens-

The first large-scale plantations were established in the
Adirondack Mountains, New York, in the early 1900's. In these and
other early plantings, Norway spruce was a productive tree. Consequent-
ly, its use in emerican forestry rapidly increased. By L965' the
annual planting of Nor-way spruce totaled nearly ten million trees
(Abbott and Eliason 1968j. About one-quarter million seedlings of this
spruce are planted annually in Maryland alone. Consequently' Norway
sfruce deseives appropriate attention. Particularly important is the
selection of desirable seed sources.

In Europe, Norway spruce grows under diverse conditions from
the Arctic circle to southern France and from rowlands (near sea lever)
to elevations of 1850 meters. The largest portion of its range is in
the Baltic Sea region which includes lirge areas of Norway, Sweden, and
Finland; all of Eitonia, Latvia and Lithuaniai western parts of Russia;
and northern poland. In the east, Norway spruce of this region intro-
gresses with Siberian spruce (P. obouata Ledeb.). To the south, the
frorth Carpathian range 6f worray spruce extends from southern Poland
through ntrthern and western Cz6ch-oslovakia to the Bavarian Forest in
Cermaiy. The southeastern range, knornin as South Carpathian, includes
portiois of western Ukrai.re, c6niral Rumania and some outliers in south-
ivestern Bulgaria. The fourth large range of Norway spruce is the Alpine

lContribution
sources Inst

No. 366 of the Depantment of Infand Reseanch, Natunal Re-
itute, Univensity of Maryland, CoIlege Park, Mar:y1and 20742'
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which extends from sub-Alpine areas in southern Germany, through
Switzerland, Austria and northern ItaIy, to the southeast - Yugo-
slavia and Albania - and to the southwest - eastern France. Some
lsolated outliers of Norway spruce also are found in the North German
region - the Harz Mount,ainl and ttre tiineburger Heide.

Variation in Norway spruce has been observed for as long as
200 years, particularty the aifierenbes in cone coLor, (niinf 1928):
Nurserymen have selected a large number of varlants in form and growth
rate (Bailey 1933i Rehder f947). Today many of these are being propa-
gated by grafts or cuttings. There are, however, no described geo-
graphic varieties. Despite this, racial variation in Norway spruce
has long been proven by European inveetigators (Dietrichson L967 i
Kalela L937i Langlet L953, l96Li Rohmeder 1959i Rubner L957i Schcinbach
L957 i Stern f957) .

In North America, the first experlments were established
with seedlots as part of the Internatlonal Provenance Trials with
Spruce of L938/39, sponsored by the International Union of Forest Re-
search Organj-zations (Veen 1952). At an early age, some of these
experirhents provided valuable information (Heimburger 1944). Later,
attacks by white pine weevil (Pissodes strobi) and other destructive
agents decreased their value for critical studies of growth rates
(Holst 1955, I963i Slabaugh and Rudolf L9571. the sununary of the re-
sults of these experiments. in two locations in Canada and five loca-
tions in the United States indicated that provenances from the south-
east corner of the Baltic Sea, from Poland, and from White Russia have
groltn best in the western half of the Great Lakes--St. Lawrence Forest
Region (Holst L964). However, some fast-growing provenances from
Rumania (Crucea and Va1du Rau), White Russia (Stolpce), Czechoslovakia
(Suinosice), Ukraine (DoIina), and Poland (Istebna) have grown well in
a more humid and milder climate along the Atlantic Ocean, including
the New England states

Past experiments in Europe and in North America were designed
to offer basic information. A detailed population structure of Norway
sPruce remained undetermined because these studies rirere based on only
small numbers of sources. A new experiment was needed, and it was
started by Prof. O. Langlet, Royal College of Forestry, Stockholm'
Sweden; in 1959. This study, known as an Inventory Trial with Spruce,
was'first established near Stockhol-m with 1050 seedlots. fn L964., L322
seedlots were sown near Hamburgl Germany. By now, research plantatlons'
as a part of this trial, are established in 18 different locations'
including Canada. Unfortunately, this planting stock was not accept-
able to the plant quarantine authorities in the United States. The
only shares of this experiment in the United States are 180 seedlots
in Maryland (subject of this report) and a smaller number of seedlots
which were supplied to Dr. J.W. Wright in Michigan.

The major objective of the study in Maryland was to determine
the growth rates of over 200 strains of Norway spruce in the nursery
and to learn which geographic regions are most promising in selection
of desirable seed sources. Further studies wilt be continued in the
fieId.
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The study was made of Norway sPruce seedlingg_grown from
203 different seed sources. Most seedlots (f80) were identical with
sources used in the trnventory Trial with Spruce by Prof.. O. l?1gl9t.
The remaining 23 seedlots weie acquired independently from individual
cooperators.

Before sowing, each seedlot was subdivided into four sub-
samples and stratified-for about 2 wedks in cold (40 F) htater. On

5 Mly L966, the experiment was started in the State Forest Tree Nur-
sery at Harmans, Miryland. A 4x replicated, completely randomized

, Utoik design was used with 2-foot rows as pJ-ots. The rows were 5 in-
ches apart] and each pLot included about 15 trees. In the first
winter, seedlings were mulched with straw.

Ttro characters were studied: date of bud setting and 2-year
height. During the fall of 1956 when at least 50t of the seedlings
in i plot had let their terminal buds, this was recorded as the bud-
settiig date. Two-year heights l^tere determined by_measuring the
larges[. seedling in each poition of a 5-inch row (four seedlings Per
pfo[). p]ot meins for heights and days of the year for the bud
ietting were used as items in the analysis of variance. Degrees of
freedom totaled 8tl (202 for varieties, 3 for blocks, and 605 for
interaction). The multiple range test was used to determine the least
significantldifference among the strains, and a regular correlation
anilysis. was applied to leain the relationship between the dates of
bud letting an-a-the heights. The data on seed weights of I80 sources
were received from P. Krutzsch (Sweden).

METHODS

RESULTS

The growth rate of Norway spruce originating from different
parts of its tittge was distinctly variable (Table 1)- ' - rwo:year heights
of strains from different geographic sections ranged from 6.6 cm
(Fin]and) to 18.0 cm (f,iineburger Heide, Germany). This variation was
even larger among individual itrains, extend.ing_from 5.3 cm (a progeny
from Finiand) to-19.3 cm (a source from Beerfelden, near Heidelberg'
Germany). Strains classified by their growth rate in Table I also
showed a considerable diversity among the sources originiating from

=i*if"t geogiapnic areas. Thi; variition was particularly evident
among the piogenies from regions with varying altitudes'

Table I also shows that all sources of Norway spruce from its
northern range (Finland, Sweden, Lithuania, and White Russia) grew-
slowly. Onlf four strains from the Baltic range - those from northern
polanl - grew at an av€rage rate. Norway spruce from the North Carpa-
thian tegiot had variable heights. Two sources from southern Poland
and one source from the Fichtal Mountains grew at an average rate'
while strains from the Bavarian Forest and czechoslovakia included four
rapidly gr:ow.ing progenies, eight sources yilh average heights' and
el-even-piogeni5s'wiffr inferioi heights.' This strong within-region va-
riation wai apparently due to differences.in altitude. In contrast to
the Baltic sources which included no strains with superior heights,
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Table I. t11're-year perfornances of different strains of Norway
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Country or
geographic section
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E

3
2
I
t
4

cm

5.6
10. 4
11. s
12. 8
14.4

14.9
15.8
L2.9
13. 3

r8. 0
16.9
ls. 9

16. I
L5. I

L6.2
15. 8
L5.7

15. 9
14. I
L4 .6
L4.4

15.5

P

0
0
0
0
0

8.5

9.1
8.4
7.5

8.4
8.0

7.9
8.1
8.0

7.9

7.6

EI

34

100cmm g-
BaItic
F-inrana
Lithuania
Sweden, Southern
White Russia
Poland, Northern
North Carpathian
Poland, Southern
(G) Fichtel Mountains
Czechoslovakia
(G) Bavarian Forest
North German.]6)@er 

Heide
(G) Harz Mountains
(G) Western Hills
Sub-Alpine and Alpine
(c) Upper Neckar
(G) Jura
(c) Bavaria

(Sub-Alpine)
(G) Schwarzwald
(c) Bavarian Moraines
(G) Bodensee and

Oberschwaben
(c) German Alps
Austria
France

(?) "Alps"

2
I
2

2I

0
0
0
4

I
5
I

:_
18.1 -r1

18.0 -r
18.0 I-6
19.3 3-6

17.5 7
17.8 3-7

L7.9 L-7
17.9 7-10
I7.4 3-9

r7.5 -7

17.5 8-9

r7.5 -9

I
10

6

22
35
37

35
31

36
36
34

3
3t

29
L7
22

20
I3

2
2

I
6

5
2
3

3
0
0
I

I
I

3
2

17. s (Md. )
17. 5

3t

34

32

39
39

*Strains that grew at least 17
the 5 per cent level) larger
(listed in the third column).

centineters and were significantly (at
than hstrains with inferior heightsrt
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spruce in Maryland (at the State Forest Tree Nursery in Harmans).

Strains w;.th inferior heiqStrains with averaq€. heigFts
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16. 3
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:
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8-9

-11
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3-5

3-7
I-7

3-7
3- 10

6-9

5- 10
9- 1r

5-_7

9

:

7.3

8"3
8.3

8.I
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8.1

8.2
7.7

7.6
7.6
7.3

7.4
,_,

7.5
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29
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23
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3
2
I
t
0
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6.6
r0.4
11. 5
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II.5
9.9
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rt. 3

13. 3
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7.5
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7

23
10

2
I
I
7

0
0
I

10

0
5
5

27
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32
26

0
0
0

0
0

0
I
I

I
2
I
1

l_

I

33
31

34
30
30

30
26
36

2
25

24
14
18

I6
I1
I
0

3

7.2 30
7.4 18

7
19

7.2 34

1
I

15.5 (Sweden) 7.4
16. 3

33

27
27

r2.5 (Riisen rs. ) u:t 22
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the 17 sources from the North German region, 3 sources from Upper
Neckar, 3l- sources from German Jura, and 29 sources from Bavaria (in
the sub-Alpine region) included no strains with inferior heights.
A particularly high ratio of outstanding strains (five out of ten)
came from the Harz Mountains in the North German range. A single
source studied from the Liineburger Heide also grew rapidly. Most
sub-Alpine sources grew at an average rate. For instance, Schwarzwald
(Black Forest), Iong considered a prime source of Norway spruce, was
represented by 14 strains with average heights, two strains with out-
standing heights, and one strain with inferior height. Similar varia-
tions were evident among the sources from Bavarian Moraines, the
Bodensee region, and Oberschwaben. The sources from the German Alps
and from Austria included no strains with superior heights. Among the
sources from this region and from France, the high-elevation strains
grew slower than those from lower altitudes. A similar altitudinal.
variation was evident among the five sources from Rumania which in-
cluded one rapidly growing progeny, three progenies with average
heights, and one progeny with inferior height.

Seedlings from a planted Norway spruce in Maryland equaled
in height and other charact6rs some sources from Bavaria. Another
progeny from planted trees in Germany (Rtigen Island) was more similar
to the true Swedish source than a progeny from a plantation in Sweden
(Hjuleberg). At this stage of our study, it is difficult to determine
if some other sources grouped by geographic regions were, in fact, of
non-native origin. This is, however, quite possible among the sources
from Germany where Norway spruce has been pllnted for centuries.

Two-year heights of different strains were strongly correl-
ated (r = .825) to the date of bud setting (day of the year when 508
of the terminal buds were set in the first year). This correlation
suggests that about 688 (r2 =.58) of the sources with large heights
were those that formed their terminaL buds late or vice versa -- about
692 of the slow-growing sources were those that set their terminal
buds early. In fact, the bud-set date varied by 6 weeks. Sources
from Finland formed their buds as early as August 8 (in 1966), while
some Bavarian sources (particularly those from the Franken Jura) grew
6 weeks longer, until September 20. The time of bud setting among
other sources was also significantly different, depending on geo-
graphic origin. Table I ihows an interesting delay of bud setting by
progenies from north to south and from high to lower elevations. For
instance, there was a 2-week difference in bud-set date between sources
from Pinland and those from northern Poland and another 2-week dif-
ference between the northern and southern strains from Pol-and. One of
the sharpest contrasts in bud-setting date (3 to 4 weeks) was between
the high-elevatl-on and the low-el-evation strains from Austria and among
some sources from different el-evations in the Bavarian Forest.

Elevation, or climatic conditions related to different eleva-
tions, must have been a strong factor which influenced the evolution
of different geographic strains. Most within-region variations in
height growth and in time of bud set were associated with differences
in altitudes. this is particularly evident among the sources from the
mountainous regions (the alps and the Carpathians). In general, the
progenies from higher elevations formed terminal buds earlier and grew
slower than the sources in the same resion from l-ower elevations.
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The change of characters with increasing elevations,mby be clinal,
but this cannot be proven on the basis of present data (elevations
for many seedLots were expressed by broad ranges, permitting no pre-
cise correlation analysis).

Seed weights of different sources ranged from 6.5 to 9rI g
per 1000 seeds. Table 1 indicates that seeds from northern Poland
(northern range) and from Ru.mania (southern r'ange) were relatively
light. In contrast, all seedlots from Harz and Liineburger Heide were
heavy. Apparently, this variation in seed weight was associated with
geography. Seedlots from high elevations in the Bavarian Forest were
al-so somewhat lighter than those from lower elevations. However, more
data are needed to learn if such altitudinal differences hold true.

DISCUSSION

From the genecological point of view, Norway spruce again
proved itself as a very variable species. In general, its northern
sources formed terminal buds early and grew slowly; the southern
sources set terminal buds later and grew more rapidly. This general
trend, however, was modified by altitudinal differences and other
factors. The sources frorn high elevations were somewhat similar to
sources from northern latitudes. They formed terminal buds earlier
and were smaller than sources in the same region from lower altitudes.
It is apparent that climatic variation is one of the strongest fac-
tors associated with the evolution of different geographic strains.
For instance, the date of terminal bud setting was weII adjusted for
resistance to early frosts (early in northern regions and in the
mountains, Iater in the south and in the southern lowlands).

On the basis of rapid growth, the results of this study
suggest that the strains from the Harz Mountains may well be recom-
mended for practical use. The ten sources from this region included
no progeniei with inferior heiqhts and the hiqhest rat-io of strains
with superior heights (five out of the ten). Further studies may
disclose that some individual strains from other regions may prove to
be as desirable or even more desirable. Such progenies in the nursery
were German strains from Beerfelden (near Heidelberg) and from Walsrode
(in Liineburger He"ide) .

Norway spruce from the Baltic range (Sweden, Finland, Lithu-
ania, White Russia and northern Poland) gre\^/ either slowly or were
average but included no strains with outstanding heights. AIso, no
rapidly growing strains came from southern Poland and Czechoslovakia.
Apparently, Norway spruce from eastern Europe was Iess outstanding in
Maryland than in some IUFRO plantings in more northern regions. High-
elevation sources of Norway spruce also were not promising for rapid
growth.
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SURVIVAL AND HEIGHT GROWTH OF RED SPRUCE
PROVENANCES IN THREE EXPERIMENTS IN ONTARIO

E.K. Morgenstern,
Depantment of Fisheniee and Foneetny'

Petauaua Foreet Experiment Station, ChaLk Riuen, ?ntanio,

Red spruce, Pieea rubens Sarg., has received Litt,Ie attention
from forest geneticists until recently. Although its range and genetic
relationship-to other spruce species are now much better known than 30
years ago (Heimburger 1939, Wright 1955, Gordon L957, Holst L957,
Morgenstern and Farrar 1964), there is still not a single report on
silvicultural characters from provenance studies. In 1951 Mr. Mark
Holst of the Petawawa Forest Experlment Station initiated a Provenance
study which was then probably the first forthis species anlnuhere. Seed
and plant material f.rom this investigation has been widely distributed
to establish provenance trials in eastern North Americar dnd has also
been sent to Uurope. Foresters who have supported it, either by
assisting with seed collections, or by ptanting experiments, will be
inter'ested in the first results reported in this paper.

TNTRODUCTION

OBJECTIVES

The general objective of provenance studies with red spruce.
is to locate p5pulations of wide ecological amplitr:de which are superior
to native poputitions with regard to silvicultural characters. Of
special inieiest is the growtfi and hardiness of populations from the
southern Appalachian Mountains (Heimburger and Ho1st 1955).

MATERIALS AND METHODS

Between 1951 and 1953, seed from 20 stands waS collected
throughout the species range. Seed was bulked on a stand basis, each
stand being t"ptb"ettted by an average of 2O trees. The origin of the
12 provenarices- common to Lhe three experiments in ontario is given in
Table 1. Nursery sowings were made at the Petawawa and Acadia Forest
Experiment Stati6ns in lgSa ana 1955, and some Acadia seedlings were
shipped for transplanting to Petawawa in 1957. In 1959 the 14 prov-
enances at petawawa were examined together with other material to test
hypotheses regarding introgressive hybridization between red spruce
.na Ut.ck sprrice, PZeea ^oiiono 

(Mifl.) BSP. Using needle color, bud
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Table 1. Origin of the 12 provenances coflrmon to the three experiments.

Seedlot No. Place of Oriqin Latitude Lonqitude ElevationoN ow I00 ft
20l-9

2020

202L
2022

2024

2 031

2032

2033

2100

2 r01
2r02
2 103

Indian Gap, N.C.
Glade Run, W. Va.
Bear Meadows, Pa.

October Mtn. State Forest,
MaSS.

Upper Jay, N.Y.
Andorra Forest, N.H.

Valcartier For. Exp. Sta.,
Que.

St. Charles de Mandeville,
Que.

Sheet Harbour Waters, N.S.
Corberrie, N.S.
Great Salmon River, N.B.
Acadia For. Exp. Sta., N.B.

35.6
38.6
40.7

42.4
44 .4
43. I

46.9

45 .5
45.2
44 -2
45 .4
46 .0

83. s
79.8
77 .7

73.2
73.7
72.r

7 L.5

75.3
62.7
65 .9
6s .4
66.3

53

38

18

I8
20

L7

9

7

2

2

2

2

coror, twig color, twig surface shape, and hair type a hybrid index(Anderson 1949) was constructed and introgressive hybridization could
be demonstrated (Morgenstern and Farrar 1964) -

Three experiments were then established as follows: two
were planted at the Petawawa Forest Experiment Station, one in 1958
and the other in 1960; and the third in the university of Toronto
Forest near Dorset in 1960. The three experimental areas differed
with respect to experimental- design, soil texture, soil moisture and
regional climate (Table 2).

Following the J.967 growing season, when the trees were t3
years old from seed, total height and survival were recorded. Height
at Arbour's Fierd, Petawawa, was measured to the top of the r96G
Leader because the trees in that experiment were one vear older. I\,lea-
surements were made in 5-cm cl-asses and plot means wele calculated.

The measurements in each experiment were subjected to anal-
ysis of variance. Surviva] percentases were transformed bv arcsin
(Snedecor 1956, p. 316) before analysis. A combined analy-sis ot
variance was made for all three experiments to calculate variance com-
ponents for the provenance-location interaction. Correlations were
computed with latitude, elevation, length of the frost-free season,
June-August precipitation, and the hybrid index (Morgenstern and
Farrar :..964\.
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RESUTTS 4Np pTSCUSSTON 
,

The general condition of the two Petawawa experiments was
characterized by slow initial growth, winter dry,ing of the needles,
and considerable mortal.ity and spring frost damage in some provenances'
particularly on the grassy site at Arbour's Field. The experirnent at
Dorset suffered less from desiccation and frost, but was attacked
more severely by the white pine weevil, Pissodes styobi Peck. ' than
the Petawawa experiments. Survival at the three sites did not differ
greatly. The mean height of the experimental plantations had the
following sequence: Arbourls Field < Fuelwood Area < Dorset. Height
therefore inCreased with the moister soil in the Fuelwood Area and
the more humid regional climate at Dorset (Table 3) -

The analysis of variance showed that differences among prov-
enances in survival percentages were not statistically significant at
the 5? Ievel at two locations, but were significant at even the 18 at
the third, Arbour's Field. For this location, the multiple-range test
(Duncan 1955) indicated that the two southern provenances from North
Carolina and West Virginia with a survival of 39-4OZ differed from
the Pennsylvania, Que6ec and some New Brunswick and Nova Scotia prov-
enances with a survival of 64-722 (Table 4). This very pronounced
provenance reaction to a seasonally dry, grassy site with spring frost
is also seen in the combined analysis of variance of all- three ex-
periments. In this analysis, the variance component for provenance-
Iocation interaction accounted for 798 of total variance, Iocations
for 2It, leavinE 0 for provenances.

Variation in total height was more pronounced than that of
survival. The analysis of variance indicated differences, significant
at the I? or the 0.IB levet, at each of the three locations. The
provenance-location interaction contributed 7?' provenances 36?, and
locations 572 of the total variance. The low variance component for
interaction expressed the fact, seen in Table 4, that there was a
very limiLed change in rank of the provenances at the three locations:
as a group, northern provenances from continental climates in Quebec
and New Biunswick were tallest; central provenances from New York and
New England and some northern Maritime provenances from New Brunswick
and No'la Scotia interrnediatel and southern provenances, from North
Carolina and West Virginia, usually shortest. The multiple-range test
indicated that the diiferences among these groups were significant
at the I? level in the two Petawawa }ocations; at Dorset the first and
the second group were not as cfearly separated (Table 4). The Dorset
experimentr-al-ti'rough growing best, was le4st efficient from the statis-
tical viewpoint as shown by its Iarge standard errQr of a provenance
mean (Table 3).

The correlation analysis provided some indications of geo-
graphic and genetic relationships. Correlations with climatic
iariables (I6ngth of the frost-iree season and June-August precipit-
ation) at the itace of seed origin were not significant and will not
be presented here. The best correlation of height-in all three
expbriments was with the hybrid index established in the same prov-
enances at .an ea,rlier stage (Morgenstern and Farrar 1964\. Height was
also correlated with latiiude and elevation but to a lesser degree.
Survival correlations were significant only in the experiment at
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Table 5. Correlation coefficients-f in Exp. No. 95-G at Arbour's Field,
Petawawa Forest Experiment'Station.

xt xz x3 Xa x5

xl Height r.00 + 0.72t,* -0.82** + 0.59* -0.56

1.00 -0.57 + 0.68* -0.82**XZ Survival 1.00 -0.1

X, Hybrid index I.00 -0.62* + 0.65*

X4 Latitude l.O0 -g.92***

XU Elevation I..00

rSignificance leveIs: *, 52i **, IZ; ***, 0.1?.

Arbour's Field, and here the correlations with elevation and latitude
were higher than with hybrid index. Table 5 shows the correlations
obtained in this experiment.

' The first results from these red spruce.experiments, demon-
strating. the important role of introgressive hybridization between red
spruce and black spruce, are unusual and perhaps different from what
was expected at the time of planning and establishment. Most proven-
ance studies indicate the effects of natural selection by photoperiod
and temperature (Wareing 1956, Stern L964) while effects of intro-
gressive hybridization have rarely been recorded or emphasized. Intro-
gressed populations in the overlapping distribution area of red spruce
and black spruce have been known for some time (Heimburger 1939, Holst
J-957, Morgenstern and Farrar 1964), and it is therefore not surprising
that the gene exchange of the two physiologically very different
species has some silvicultural consequences. Black spruce requires
more light than red spruce but probably is more tolerant of variation
in soils and nutrients. It grows more rapidly at an early age and
therefore suffers less from frost in habitats with poor air drainage.
The limited flow of black spruce genes to red spruce, which is the
basis of introgression, nevertheLess does not lead to the loss of
identity of red spruce. Populations still exist which develop success-
fully in mixtures with hardwoods. Yet the greater range of variation
introduced by black spruce may be beneficial particularly where clear-
cutting and artificial reqeneration are practiced.

It is recognized that these results come from a limited area.
A more complete evaluation of red spruce provenances will be possible
after additional experiments in Quebec, the Maritimes, and New England
have been measured and assessments have been repeated over a longer
time period. Furthermore, different responses could be expected with
experiments planted into the shelter of hardwoods.
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white spruce attains commercial size from the.Yukon across
Canada to Newfounbland and Nova Scotia and the northeastern United
states -- an area of uniformly severe winters. It is one of the most
.t"""*i.aIIy important timber species in the boreal forest' Currently'
spruce (moslly rt it" spruce) r"-nk= fourth in pulpwood production in
the Lake States and the average annual production of spruce from 196l
through 1965 was 341 thousand cords. In 1967 the Wisconsin stand
nurseries alone contained nearly 1l million white spruce seedlings
and transplants. More than 4 rnittiott white spruce were planted in
1967 on six national forests in the Lake States '

Sincewhitespruceiseasilyplantedandgrowsonavariety
of soils, interest in the genetics of this species.has- been steadily
increasing. There is much phenotypic variabirity in this species in
terms of vigor, height growift, form, and branchiness, not only. between
widely sepaiated stinds-but aiso within and between stands within the
same region. white spruce may be readily hybridized with several
other spruce species. this siecies is therefore a logical object of
an intensive tree improvement program.

While seed source studies of white spruce have been underway
for many years in the Lake states, northeastern united states, and
Canada, heritabiiit' studies, ott th" other hand, have received little
attention until reclntly. Consequently, there is little published
information on inheritairce in woitfr American spruce species. Holst
and Teich (Lg66), working with }l-year-old white sPruce progenie
from nine pairs of dominant tree" ?ro* the Carnarvon - Algonquin. Park--
Sundridge area, found that signiticant differences occur in height and

leader number both amotrq ptog6nies from different stands and among

progenies from individuafi wittrin the same stand. Within stands'
slender-crowned plus-tree types produced proqenies 4? taller than those
from broad-crownld tt""=. tfrey ilso reported narrow sense heritabil-
ities of: 85? for number of leiders, 752 for height, 572 fot branch
length relative to leader tengifr, and 08 for branch length' Holst and

Teich also determined heritaUif1iy estimates for height and leader
,rrr*b"r'.t "g" eight for progenies ftom 26 open-pollinated.plus-trees
selected at random at the Petawawa Forest Experiment Station and found
these to be 87? and 68?, resPectivelY'

PARENT.PROGENY GROWTFI CORRELATIONS
IN WHITE SPRUCE

2l-3



cr.rm ancl' Lindqtrist (I96r) rcportecl that the heiqht of 13-
)'ear-old open-pollinated proqenies of 24 Colorado blue spruce
selections was closel.y relatecl to the heiqht of the same progenies at
age eiqht, with a correl-ation coef f icient of 0.88.

King, Nienstaedt, and Macon (I965) demonstrated that white
spruce seecllincfs selectecl on the basis of superior nursery performance
ntaintained their heiqht- qrot^/th advantage over average 2-2 nursery
stock aftcr seven growing seasons in the field.

fn order to more intr:nsivcl1z tcst tho heritability of im-
t)orLant traits in white: slrrucct, a c.)rnr)rohcns;ive stucly was bequn at
the Institutc of I'orcst Ccnc.lt-ics trt f<irinelancler, l"Jisconsin, in 1965 '
This report deals with parc-.nt-Droqeny clrowtft correlations.

IqATERIAL AND METHODS

Thirty-two white spruce parents growing at various locations
in the Upper Peninsula of Michigan, northeistern Wisconsin, and north-
ern Minnesota were selected ott i.h" basis of vigor, height growth,
form, needl-e length, branchiness, or brancfr anlte. I^Ihile one indivi-
dual might have been selected for outstanding form, another might have
been sel-ected for its short needles. Average yearly growth of the
female parents, determined by dividinq the iotal height (cm) by the
estimated total age of the plrent at time of measurement, ranged- from
20.6 to 40. 1 centimeters. "Clpe.t-poltinated seed coll-ected f rom these
trees was sown in a randomizecl biock design with four replications in
the Hugo sauer State Nurserl' at Rhinelander, wisconsin' in the fall
of 1963. As many as I20 seedlinqs per half-sib family were trans-
planted in each of four replications in a randomized block design in
the fall of 1965. In 1967, after the 4th growing season,_the total
height and 1967 qrorrth were measured on I0 seedlings per family in

"u"h r.plication or a total of 40 seedlings per half-sib family
(fable 1). At time of measurement four fimilies had insufficient
number of seedlings for measurement, so the number of half-sib families
was reduced to 28 (Fiq. 1).

STATTSTICAL ANALYSES AND RESULTS

An analvsis of variance
data for the 28 h;If-sib families
occurred between families.

performed on the L961 ptog?ly growth
showed that siqnificant differences

1967 growth
families at

(cm) for 28

Level of
Significance

N. S.
0.5?

Ana lys i s
white

of variance -

Source of
var iation
TotaI
Replica.tions
Fami I ie s
Error

D. F.

lrl
27
81

I\4. S .

2-62
6 .94

T2. L3
32.04

4 .62
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Bo,th mean proseny height
proqeny qrowth,were signif icantly,
averaqe yearly growth (r = .81 and

Mean 1967 qrowt-h and mean
be expected, were hiqhly positivety
coefficient of 0.98.

at 4 years of age and mean L967
positively corelated with parent
.80, respectively) (Figs. 2 and 3)

height of the progenies, as might
correlated with a correlation

The average total height of progenies from all trees withina stand or from a sinqle parent, when related to latitude of the standor individual parent, resulted in a siqnificant, negative, linear re-gression (Fiq. 41. rn other words, the progenies of trees from the
southernmost latitudes were taller than the proqenies of trees fromthe northernmost latitudes

The sJowest growing parent (692-g\ from Marquette County,
I"lichigan, produced 1>rogeny qrowing at a yearly rate dgel ) 369 ]elsthan the average of all prooenies. The two fastest. growing parents
(1885 and r887i f rom Menbminee county, wisconsin, or,-'the otrrer hand,
produced prosenies exhibiting 63? faster growth in 1967'than the
average of all progenies and 256? faster yearly growth when compared
to the progeny of the slowest growing parent.

CONCLUSIONS AND RECOMMENDATIONS

The data, in conjunction with data presented by other re-
searchers, indicate the general feasibili.ty of phenotypic selectionin white spruce.

Wfren the proqenies from the Il parents of similar age (36
to 42 years) are compared, those from the five fastest growing parents
are growing at a yearly rate (L967) of 2lE better-than-average for
their aqe group. Because volume is a function of both height and dia-
meter and because heiqht and diameter are closely correlated, a 20e.
increase in total heiEht would represent much more than a 20"t increase
in merchantable vol.ume if the yearly qrowth of the progenies from the
five fastest grgwing parents is maintained to rotation age.

Measurement of progeny qrowth rate at aqe four farrors trees
exhibiting early rapid growth. Later measurement of growth rate vrill
be necessary in order to determine changes in growth rates associated
with age. However, the data reported by Kinq, Nienstaedt, and Macon(f965) indicate that superior grorvth rates in white spruce are main-
tained at least for 7 years in the field. Therefore, considerable
cost in the selection of par:ent trees can be justified if only a frac-
tion of this increase is ichieved.

In additicln to followinq seed zone recoflrmendations, the
nurseryman is well advised to choose trees exhibiting rapid gryowth
rate as wel-l as other desirable characteristi.cs. . t

Similarly, the fastest qrowing, not necessarily
trees, should be left in stands being selectively logged.

2L7

the talLest



20

l8

t = *2.g5 + .4653 x

F = 46.1 1.5%l

r = .80 (l%)

l6

l4

t2

l0

E
ll

=actJ
GO
<9 u,
f:E@<
OD U.J
a)

11 $(, >-42.4|r'

9s<E
>- o-z.-
lrlg
o
E
CL

6L
20 30 40

FEMALE PARENT AVERAGE YEARLY GROWTH (cm.)

Female pq,Tent-progeny grouth y,eLationship
uhite spruce; 28 seLected open-poLLinated
parents.

Figure 2.

218

LN



30 Y = 1.47 + .6521 X

F=484(5%)
r j .81 (l%)

to

a
a

o

30

FEMALE PARENT AVERAGE YEARLY

40

GROWTH (cm.)

25

20

dI
F
?

9A
IrJ J
IO
J(n<EF<
O lrJ
F>-
tr1 <l
C'>47
4|rJ

9P<;
>o-z.-
lrJ(,
o
r

l5

20

Grouth of female parent-pt'ogeny totaL- height re-
gression-1 28 selected open-pollinated parents'

Figur'e 3.

2L9



q)

+J

$

H

s

o

tJ
q)

\tr

+:
\J

+)

q)

N

$
+:
o
+l

.a

\)
as

o

o
l-)
U

AD

o()

\rt

\)

b)

F\,

@+

F\
sl

2
o

IJo
3

\OF
st i-

J

rr)
sl

Jg
:ocl

@<t
c!

c\
c..l

(o
c\

( urc) IH9BH tvlol ANl9oud

ta
tr)
GI

('I
(\l
or\o
a

Nd d)
06d

33s
-a

<?
(o
@ro
a

(\l
ts
@(o
a

\o(!-
t.c) <t
c! JiaO\

I
N
ol
@

a

(r)
N(o
c\I
a

(\r

=o;Ee=
J'1EeEr-ot-3F6:
h:N
!t<ft'O

t=

ililila

<>s-3

!o
o
c'!

In
@
@

a

220



REFERENCES

Cram, W.H. and C.H. Lindquist. 196I. Sunmary report for the Forest
Nursery Station Research Branch. Can. Dep. Agr., Indian Head,
Sask. p. 16.

Holst, M.J. and A.H. Teich. 1966. Potential genetic improvement in
white spruce in Ontario. Bi-Mon. Res. Notes. Can. Dep. Forest.
RuraI Develop. 22(51 t6.

King, J.P., H. Nienstaedt and J. Macon. 1965. Super-spruce seedlings
show continued superiorityi U.s.D.A. Forest Serv. Res. Note
LS-56, 2 p. Lake States Forest Exp. Sta., St. Paul, Minn.

22L



A.,J. Carmichael,
Research Bnanch,

7ntario Depaz'tment of Lands and Fot'ests'
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Thepredictionofspecificgravityofthetreestemfrom
core samples has been reported by ? number of authors (Einspahr'
van Buijtenen and Thode lgOZi pietaing and Brown 1960; Vflahlgren,
Hart and Maeglin I96p). There is gen6ral agreement that two radial
increment coresl lir.b" at right att!tes from breast height, will
relate adequateiy to mean tree specific gravity'

In this study, discs were obtained from 120 trees, repre-
senting the six merchaitable site classes in northern Ontario' One

disc was cut from the base of each.percentile bott in the stem' Disc
specific grariiy was weighted by thl volume of the bolt and specific
gravity of the tree ras catculated as the weighted average.of the
bolt gravities. Diameter strips of 20 mm sguare cross section were

removed from three discs taken "t tf," 15? height level' Tl't" diameter
strip was diviaea at the pith into two radial strips, each of which
was subdivided into four equal segments. The specific gravity of
each pair of segments working f;;ti, ihe pith outward, was averaged and

weighted by the disc area represented, to provide the weighted mean

specific gravitY of the striP.

Calcu]-ationofthenumberofstripsrequiredtoestimate
mean tree =p""iii" gravity r.= *"a" using the equation, No' Strips =

i?ar.05/ (.osy)2, where F ,." rhe mean variance of specif ic gravi-
ties over aII core samptes an!-y-tas the weighted mean tree specific
gravity. for all trees on one site'

Calculationofthenumberoftreesrequiredforanestimate
of the site avlr"g"-;r-*"""-ti." specific gravity was made' using the

1)cv
equation, No. Trees = syzLz-05/('O5t)', where sy" was the mean varl-
arice of specific gravity over all trees on one site'

The mean and the variance of diameter strip ald-whole tree
specific aravi;t-i= presented in Table t. The number of.diameter
strips regu5-red to predict treJ .""tt-"p"cific gravity within 108' and

the number of trees which must be sampied to obtain the site average

of mean tree =;;;iiic araviry is ristea in Tabre 2. Both of the lat-
ter estimates irere cal6utated at the .05 level of accuracy'

BLACK SPRUCE \^/OOD QUALITY
1. THE PREDICTION OF SPECIFIC'GRAVITY
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Table 2. Sample size for estimates of mean tree specific Aravity.

Site
No. Diam Strips

-!(y-58,t.05)
No. Trees

(y :2.5E,t.05)

s. r. 55

D.l-.

S. C.

s. c.

s. c.

s. c.

A preliminary analysis of these data indicated that it
would be necessary to take at least three diameter strips from the
158 height ]evel to estimate within 10? of the tree mean specific
gravity. There was no consistent rel-ationship between the number
of diameter strips required and the site from which samples were
taken. On the average, five diameter strips would be needed to pre-
dict mean tree specific Aravity, and the use of one or two radial
strips would not be adequate.

I'urther sampling of the main sites is necessary, using
seven diameter strips per tree, and 20 trees per site, to verify
these rel-ations and to provide regression equations for converting
diameter strip specific gravity to weighted tree specific gravity.
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BLACK SPRUCE WOOD QUALITY
2. STRUCTURE OF WOOD AND PAPER STRENGTH

J.L. Ladell'
Senior Research Seientist'

0ntario Researeh Foundation.

The primary object of the research now in progress at the
Ontario Research Foundation (ORF) is to assist in the establishment
of criteria for the selection of superior black spruce trees, while
at the same time obtaining much needed basic information on the
morphological, physical, and chemical properties of this important
pulpwood species.

The major current investigation concerns 20 mature trees
from a good site in Parnell Township, Kapuskasing District' Ontario.
The first phase of the study, which is nearing completion' has
centered on samples taken from the 25? height level in four trees.
Material from each tree was divided into four age groups, to give a
total of 16 fractions for pulp tests.

A wide range of featuresr both structural and chemical,
were examined using both whole discs and samples taken from the 16
fractions after they had been chipped for pulping. Besides the
commonly measured gross fiber dimensions and estimates of latewood,
these included the size, frequency, and relative vofume of resin
ducts and rays, both medullary and fusiform. Precise cross-sectional
dimensions of cell wall- and lumen were made, with separate measure-
ments for earlywood and latewood and in both radial and tangential
directions. Anatyses were mad.e for liqnin, pentosan, and extractive
content. fn the case of several features, measurements were made or
expressed in more than one way. For example, specific gravity was
obtained for both extracted and unextracted wood; fiber length was
obtained from macerations and, using the cell-tip method' from the
exact boundary of earlywood and latewood. Two latewood percent values
were obtained - the conventional expression calculated on the basis
of observed width of latewood, with a second based on the relative
number of latewood cells observed. In al-l, values were obtained for
67 structural, physical and chemical variables.

Following morphological and chemical assessments, samples
were pulped using the bisulfite process. Handsheets were prepared
and tbsti were made of their tensile (breaking length), burst, and
tear strength.

The analysis of the data, which is still in progress, falls
into three separate tfrough not unrelated parts- Firstly, patterns of
variation in ltre wood of a number of features are beinq examined with
a view to adding to our rather scanty knowledqe of the basic structure
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of black spruce rvood. Secondly, the degree of correlation between
different cell dimensions and features is being studied with the
object both of providing further background information to the gene-
ticist and of assisting in the interpretation of the wood-paper
relationships, the study of which constitutes the third part of the
overall analysis.

The morphological investigations have shown among other
things that at about the l5th ring from the pith, fibers had already
obtained 80-908 of their mature cross-sectional dimensions and 60-
70E of their mature length. Both tangential and radial wall thickness
in earlywood cells were found to remain almost constant from pith to
bark, while in latewood cells only the radial waLls showed any marked
increase outward. Percentage latewood (Mork's definition) declined
from about 40E in the ring nearest the pith to less than 20E by the
15th ring and thereafter remained almost constant. Specific gravity
was found to be highest in the rings nearest the pith. Specific
gravity then declined to a low point in the region of the lsth ring
and increased with ring age thereafter.

It would appear from these observatj-ons that the 'corewood'
in black spruce -- if the region of rapid change near the pith can be
so designated -- is confined to the first 10 or 15 rings. Probably
less than 204 of the volume of a mature tree is classifiable as
'corewood', an amount unlikely to be of practical significance.
Certainly the general impression gained -- and this is of great im-
portance from the point of view of pulpwood quality -- is that black
spruce i.s a species with unusually uniform cell structure.

The tensile, burst, and tear strength of the paper hand-
sheets, corrected for pulp freeness and final lignin content' were
entered into regression analyses with all 67 wood variables taken
singly, in pairs, and in groups of three in all possible combinations.
Linear relationships were assumed. The numbers of combinations
possible amounted to several hundred thousands. To reduce the (com-
puter) printout to a manageabJ-e slze, a program was devised that
screened the results so that only those equations in which the de-
pendent variables involved were each individually significant were on
the printout. Even so, many hundreds of equations were obtained'
reflecting the fact that among other things, a high degree of correla-
tion between many of the variables existed.

The regression equations are still being examined and it
would be premature to reach firm concl-usions at this stage, particu-
larly as there are indications that some of the relationships are not
Iinear. Of the three strength criteria used only tensile strength
has been examined in any detait. Tensile strength, which is the most
useful general indicator of the three modes of paper strength assessed,
tended to be negatively correlated with specific gravity, growth rate'
and fiber length. When variables were taken singly, tensile strength
was found to be correlated with only two variables: radial wall thick-
ness of latewood fibers and liqnin content of the wood. Both these
variables accounted for about hatf the variation in tensile strength'
with a negative relation in both cases. In the two-factor regressions,
radial wall thickness of the latewood fibers consistently appeared to
be strongly (and negatively) correl-ated with tensile strength with a
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range of other factors also appearing as a significant second variable.
These features included among others the number of bordered pits per
fiber (positive relation) -- indicating a possible connection with
ease of penetration of cooking liquor -- and the radial cell and lumen
diameter of earlywood cells (positive correlations). The negative
correlation with latewood radial wall thickness presumably reflects
the uncompressibility of the latewood fibers when incorporated into
the paper sheet. This same variable also appeared fairly consistently
in the- three-factor eguations. Other variables which emerged in these
regressions as being siqnificantly correlated with tensile strength
were various expressions of average fiber diameter (positive relation)
and frequency of medullary rays (negative relation) and specific
qravity - (negitive relation) . The three-factor regressions accounted
ior up-to 86? of the variation in tensile strength, with some vari-
ables significant at beyond the 0.18 level-

These results, together with those for burst and tear
strength, will require careful scrutiny in order to establish which
of the many inter-correlated variables are those most directly res-
ponsible for the paper strength properties investigated. With this
done, the question wifl arise as to whether these features should
themselves be the object of attention in tree typification or breeding
studies or whether olher features correlated with these should be
used because they are more easily measurable.
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SEED SOURCE AND GROWTH R,ATE EFFECTS
ON WOOD QUALITY IN NORWAY SPRUCE

G.R. Stairs,
Professon, Depantment of Forestry,

[lniuersitA of Wiseonsin, Madison, Wi'sconsin.

S. Adapa,
Gnaduate Research Assoeiate, State Uniuersity CoLLege of Fonestry,

Syraeuse tJniuersity, Syraeuse, Neu Iov'k.

INTRODUCTION

Mass selection for optimal wood producing ability within a
tree species usually begins with the broad question of geographic
variation. Determination of the proper provenance then allows addi-
tional, within-population selection to maximize growth rate potential.
Concurrent with this approach is the question of wood.quality as it
relates 'to volume growth and the answer must eventualJ-y be resolved
from both biological and economic considerations.

fn the spruce breeding and seed orchard programs at the
New York College of Forestry we have selected plus trees principally
on the basis of phenotype and have only recently begun to turn our
attention toward wood quality as a selection criterion. In so doingl
we have asked the obvious questions of how growth rate affects wood
quality between and within populations. A previous study (Stairs
et aL. 1966) investigated variation between fast-grown and slow-grown
Norway spruce (Pieea abies, L. Karst. ) trees from a single plantation
of unknown seed source. The results obtained suggested that a 2X
(merchantable volume) qrowth rate increase had little or no effect
upon pulp yield or quaLity per cubic volume of wood. In addition, the
specific gravity of juvenile wood appeared to be equal to or greater
than that of mature wood developed at age 20. Thus these results were
encouraqing in relation to selecting fast-growing Norway spruce trees
for short-rotation management.

Mergen, Burley and Yeatman (1964) ' suggested that up to 25?
of the variation in wood quality of Norway spruce could be accounted
for by flushing time. Previous studies with this species contain
conflicting evidence of siqnificant differences among seed sources
with respect to wood guality. Significant provenance variation has
been reported by Burger (1941), KLem (1933, 1951, 1956, 1957), Parrot

23l-



(1950), and Mergen and Simpson (personal communication). In contrast,
Knudsen (1958) and Ciihre (f955) found no significant differences asso-
ciated with provenance. The relationship between annual ring width
and specific Aravity is also somewhat ambiguous, but the published
evidence geneially iupports a negative correlation. Approximately 70E
of the articles reviewea by the authors reported a decrease in speci-
fic Aravity with increasing ring width, while thq, remainder suggested
littIe or no differences.

studies of fiber length in Norway spruce have upheld the
rule of increasing length as the distance from the pith becomes
greater. The relition betvreen annual ring width and fiber length.ie
iess clear, but some reports have indicated an increased length with
faster growth rates. (For general reviews see Bisset 1949; Spurr
and Hyvarinen L954i and Dinwoodie 1961).

The investigation herein reported evaluated specific gravity
and fiber length between fast- and sl6w-growing trees among selected
Norway spruce provenances.

MATERIAL AND METHODS

The study trees were sampled in a 25-year-o}d Norway spruce
plantation estabfisfrea in New York State as a part of an.International
Union of Forest Research Organization (IUFRO) investigation. Six
sources were chosen to provide a wide latitudinal separation; within
each source five fast-growing and five slow-growing trees were
selected (Tab1e 1). l^lood samples obtained fiom each tree at dbh with
a 10 mm increment borer were placed in plastic tubes for storage at
0 C. For evaluation, each sample was divided into two 5-year segments
based on rings I-5 and rings 15-20 from the pith.

Specific Aravity determinations were conducted by the max-
imum moisture method (smittr 1954), after removal of alcohol-benzene
soluble extractives in accordance with Tappi Standards of 1959 '

Individual fibers were prepared by macerating wood samples
(1:I glacial acetic acid and 20t hydrogen peroxide) for about 24 hours
at 50-C. The fibers were stained in nisic fuschin and mounted in
sodium silicate, using Echols' (1961) liquid dispersion method.
Measurements of 50 fibers on two slides were made for each sample at
30X to the nearest 0.I mm.

The significance of provenance age segment, growth rate' and
the interactions of these three variables were tested by an analysis
of variancei various simple correlations were calculated.

RESULTS AND DISCUSSION

A summary of the provenance data is presented-in Table 1;
results of the statistical analyses are shown in Table 2. The speci-
fic gravity variation was nor-"ig.ificant between seed sources and the
variince analysis indicated no significant differences due to age level'
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Table 2. Analysis of variance for wood properties.

Source of Variation df
Specific Gravity

FP

Provenance (A)

Growth rate (B)

Age level (C)

Interaction

AxB

AxC

BxC
Error

0.772

5.594

85.571

0.713

0.027

8. 615

N. S.

N. S.

0.005

N. S.

N. S.

0.05

0.543

55.915

2.223

o .426

3.479

N. S.

0.005

N. S.

N.S.

N. S.

N. S.

df - degrees of freedom; F - variance ratioi P - probability.

The effect of growth rate was highly significant, a negative correla-
tion of 0.AOZ *as obtained between aiameter and mean specific Aravity.
Thus our data supported the generality of lower specific gravity with
faster growth-rates that seems predominant in observations made be-
tween widely d.ivergent growth-rate-groups in this species. The lack
of significance in relation to age has Lreen reported in other spruce
studies (Stairs et aL. 1965; Hildebrandt 1954) and differs from the
generality found with many other conifers (Zobel 196f). Thus, this
study adds to a body of literature suggesting that juvenile wood in
spruce will not necessarily provide lowered pulp yields. The signif-
icant effect of growth rate indicates that within-population selection
should include consideration for the negative correlation with specific
gravity. However, the difference in growth rates between the groups
was exaggerated in this study and is not a true representation of the
selection differential as normally defined. It must be noted that
growth rate is a relative factor and varying the magnitude of differ-
ence between fast- and slow-growth may account for conflicting reports
of growth rate effects in the literature. Where stight differences
in growth rate are observed it is possible that genetic effects could
offset the growth rate effect while in more variable comparisons the
reverse could be true.

The consistently lowered specific gravity within a source as
growth rate increased does not negate the argument that certain sources
may have an inherent hiqher specific gravity. Although variance attri-
butable to seed source was judged nonsignificant among all sources,
the range of variation among sources was probably great enough to be
of prabtical significance in large-scaIe forest plantings. The lack
of statistical significance may be related to the small size of the
sample and also to the samplinq technique. Selecting fast- and slow-
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growth trees yield a random sample of total variance for the seed
sources. Interestingly, the variance of fast-grown trees was less
than that of the slow-grown ones. The practical significance of the
latter observation will reguire additionat study, but the present
evidence strongly suggests that selection should be made for growth
rate in all instlncei, with the assumption that volume gains will
offset the lowered specific gravity that may be obtained. These data
indicate that comparisons between provenances must be made with c+re-
ful regard to hombgeneity of variance and sampling.technigues. Hartig
(1884) warned that. diffe-rences in spruce wood quality claimed between
sites or sil-vicultural treatments might really reflect only ring
width variation or sampling position-

In the present study, the specific gravity of juvenile wood
was strongly corr-elated with mature wood (r = .95). Thus early eval-
uation couf-a have provided a reliable indicator of specific gravity
at a later age in the samPle trees.

The analysis of variance for means of fiber-length in-
dicated nonsignificance for provenance and growth rate variables' but
highly significant values foi agre effects. However, single tree
values showed a significant positive correlation between growth rate
and fiber }ength (; = 0.665 for both dbh and heighti df = 58)' There-
fore, it appeired that increased growth rate in Norway spruce caused
a slight bul positive increase in fiber length. The gain _in length
due to increasing growth rate is probably less than that obtainable in
the strict geneti"""..=", and is lssumed to be additive over the
entire range of genetic variance. Statistically significant inter-
action for fiber lengths was observed between growth rate and age-
However, the variance was greater by several orders of magnitude for
age effects and t5e biological validity of cambial age effect on
tiUer length should not be disallowed due to this interacti'on'
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PRELIMINARY OBSERVATIONS
HYBRIDIZATION OF ROCKY MOUNTAIN

ON
SPRUCES

Approximately one-ha1f of the commercial sawtj-mber in colo-
rado is engelman., =ptrr-.. (Pieea engeLmannii Patry)t (Anon' I958) ' ft
occurs in extensive subalpine stanis that contribute to watershed
protection and to the pro&uction of construction lumber. BIue spruce
'(pieea pungens Engelmann), or Colorado spruce, according to Kelsey
and Oayton" Q9a2)i is rarely harvested for its wood, but this species
withstinds temperature extremes and drought, and several cultivated
varieties are valued for windbreaks and as ornamentals (Cram 1964;
Harlow and Harrar 1958; Wymarr 196f) -

ThebiologicalrelationshipbetweenEngelmannspruceand
blue spruce is not weIl understood. Some reports in the literature
allude to natural hybridization between these two species (Wriqht
r955), but this phe'no*"1or is not convincingly documented. Generally,
blue spruce occurs in a lower altitudinal zone than Engelmann Spruce'
but in northern colorado they overlap on native sites by about 500

feet of altitude, and field identification is not always certain'

The relative ease or difficulty with which interspecies
hybrids may be obtained. contributes to the understanding of species
development, especially when this information is augmented by that
obtained from siuaies of comparative morphology and phenology' Further-
more, the achievement of artificial hybrids provides a.basis for con-
sidering the value of further controlled pollinations in order to
combine characters of the species involved'

Gilbert H. Fechner,
Professor of Forest Geneties,

CoLorado State UniuersitY'
Fov,t CoLLins, CoLorado

Roger W. Clark,
Graduate Research Ass tstant,

Ilniuersity of ILLinois,
Urbana, fLLinois -

INTRODUCTTON

nat ive and exot ic tree spec ies used in th is paPer are
Littfe (1953b) and Rehder (1940)' respectively'

l'1'he names of
according to
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METHODS

During the spring of L964, one blue spruce tree located on
the campus of Colorado State University (altitude approximately 5000
feet), and one Engelmann spruce tree located about 30 miles west of
Fort Collins, Colorado (altitude approximately 8500 feet), were
selected as female parents. Female strobili were isolated with kraft
paper bags on May 15 (blue spruce) and June 2 (Engelmann spruce),
and intraspecific-, irlterspecj-es-, and self-pollinations 2 were made
on 20 May 1964 and 16 June J-964, respectively. The interspecies
pollinations on the Engelmann spruce mother tree included both blue
spruce and white spruce (Picea glauca (Moench) Voss) pollens. The
pollen had been collected in the spring of 1964 and stored in cotton-
stoppered vials at 0 to 4 C.

About 5 weeks after pollination, the kraft bags were re-
placed with plastic net bags, and several developing cones were also
bagged as wind-pollinated examples at that time. Cones were collected
from the Engelmann spruce on 29 September 1964 and from the blue
spruce on 8 October 1964. All of the seeds obtained from the one or
more cones within a single isolation bag formed a unit and were stored
together at 0 to 4 C.

Germination tests on two 50-seed samples, from each of 56
isolation bags, \^rere conducted in 4.5-inch square plastic aermination
chambers on standard germination blotters. Each germination chamber
was randomly positioned on a benchtop where the temper.ature was main-
tained at. 70 to 75 F (21 to 24 C). Water was supplied as needed to
keep the blotters moist, and two l-0O-watt incandescent lamps provided
constant light throughout the test period. Germinations were recorded
daily, and observations were made of the developing seedlings. Follow-
ing the 26-day test period (18 June 1966 to 13 JuIy L966), which was
terminated following a 5-day period of no germination, each ungerm-
inated seed was cut and tallied as full or empty.

For some of the pollination treatments, 70-day nursery tests
were begun 13 June L966 in order to compare germination results there
to those in the laboratory and to observe continued seedling develop-
ment.

RESULTS AND DISCUSSTON

Compatibility

The results of this preliminary study suggest that inter-
species compatibility between Picea engeLmannii and P. pungens is low.
As determined by blotter tests, a seed set of 2.2 sound seeds per cone

2 0n the Engelmann spnuce, selfing was
male and female strobil_i in the same
date of pollination is unknown. Fon
male strobili wene removed from the

accomplished by enclosing neanbY
isolation bagl thus, the exact
cross-pollinations, the nearbY

br:anchlets prion to bagging.
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(1-28) was obtained when Engelmann spruce was the female parent, but
the reciprocal cross failed to set sound seeds. Intraspecific
pollinations on the Engelmann spruce mother tree, on the other hand,
produced a seed set of 87.3 seeds per cone (49.62), significantly
higher (]t level of probability) than the seed sets of the inter-
species- and self-pollinations, as determined by Scheff€rs (1959)
S-method (Tab1e 1).

. The absence of seed set (or low seed set) may be due to
unreceptiveness of the female strobili at the time of pollination,
non-viable pollen, incompatibility between the pollen and, the ovular
tissue (or other incompatibilities) r or some combination of these.
Not only did the blue ipruce female parent fail to produce sound seed
from Engelmann spruce pollen, i-t also failed to produce selfed pro-
genyr ana tfre inlraspe-ific pollinations yietded poor results. OnIy
wind pollination produced a significantly higher (18 level) seed set
than iny of the other pollen treatments, but this was still low
(Table I). On the other hand, the Engelmann spruce pollen yielded
high seed set when applied on the Engelmann spruce mother.tree. In
his extensive Canadian studies of blue spruce compatibility, Cram
(1960 | Lg62l reported different degrees of self- and intra-specific
compatibility, ranging from apparently incompatible (no seed set) to
highly compalible (85 seeds per cone), in single years. He also
found- (L962, 1964) that seed set varied from year-to-year on the same

trees, although some selections have shown self-incompatibility in
several succeisive seasons (Anon. 1966). Possibly some individual
trees are both self- and interspecies-incompatible, and the blue
spruce mother tree used in this study rnay be such an individual.

Though incbnclusive due to tree-to-tree variationr the
cross-incompatibility found in this study on a blue spruce female and
the low crols-compatibility of the Engelmann spruce female agrees
wit"h Richens (1945), who listed the cross P. engelmannii x P. pung-ens
buL not the reciprocal. Furthermore, on sites in northern Colorado
where both species are sympatric, Engelmann spruce has preceded blue
spruce in phbnological aevelopment by approximately I week during
3 years of observition. Thusl if natural hybrids occur between these
taxons, as has been suggested to Wright (1955) by Johnson, Engelmann
spruce may be the more probable female parent.

The interspecies cross P. engelmannii x P. glauea prod]rced
an average seed set of 95.3 sound seedi per cone, significantly higher
than the results of the crosses with blue spruce pollen (lE level)
and the results of the selfings (53 level), as determined by Scheff6's
(I959) S-method. This relatively high compatibility agrees with the
findings of other investigators. e Richent (1945) and Johnson (f939)
listed this interspecies cross, and Eklundh (1943) found that it was
easily accomplisheh, although no details were given-. Wright (1955)
obtained an average seed set of I0 seeds per cone when Engelmann
spruce was the female parent and an average of 1.3 seeds per cone frOm
the reciprocal cross with white spruce.

3Some hybrid inviability may be expected under rigorous conditions,
such as the seedbed, rh.n. actual genmination percent of seeds from
Engelmann spruce x white sPruce crosses declined considerably bqlow
that of the seeds from Engelmann spruce intnaspecifie crosses.
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Table I. Seed yields and seed
and Engelmann spruce

set from blue spruce
crossings, L964.

Parental
Combinations*
female x male

Basis
Developed**

Seeds per Cone
Seed Sett

per I00 Seeds

bags : cones mean : S.D.tt mean : S.D.tt

number
Pipun-18x

Pi pun-40
Pi pun-Il
SeIf
Wind
Pi eng-9

Pieng-4x
Pi eng-9
Self
Wind
Pi gIa-3
Pi pun-18
Pi pun-Kirlin

5
4

4
4
9

5
5
4
3
5
7

31
9

15
27
23

36
15
29
19
69
67

173
2L3
1s3
2LL
229

L76
148
157
181
T2L
163

32.2
15.9
75.9
50. r
35.4

52 .2
18.5
20.9
13.4
44 .4
2r.7

2.0
1.5
0.0

10. 5
0.0

49 .6
LL.2
29 .2
52 .7
1.0
2.0

2.L
2.4

4.6

20.5
25.4
5.9
7.4
o.7
2.6

*Pi pun, Pi eng, and Pi gla designations refer to blUe spruce, En-
gelmann spruce, and white spruce, respectively.

**Visually judged to be of normal size.
tfilled seeds as determined in blotter tests , 1966.

ttstandard deviation computed between isolation bag units within
pollen treatment.

The wood of white spruce and Engelmann spruce cannot be
separated anatomically (Panshin and de Zeeuw l-g64) I and consistent
differences between chemical extracts from the heartwood of these
two taxons have not been found (Barton and Gardner L957). For Engel-
mann spruce in Colorado, geographic isolation prevents cross-
pollination and consequent introgression with white spruce. However,
where the ranges of these two taxons overlap, especially in southern
British Columbia (Little 1953a), they apparently hybridize freely.
Taylor (1959), based on his analysis of cone morphology, considered
the two to be subspecies of P. glauca and the population Pieea glauea
var. aLbertiana (S. Brown) Sargent (western white spruce) to be a
hybrid swarm of the two subspecies. Thus, because of the apparent
compatibility and morphological similarity of Engelmann spruce and
white spruce, it is not surprising that early taxonomists had diffi-
culty in distinguishing these taxons (Engelmann 1862; Parry L862,
f863). In general, the encouraging results of this interspecies
cross suggest that further investigations should be undertaken to
clarify species relationships and to elucidate the possibilities of
improvemen t.
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Seed development

cone development and seed development are apparently not
indications of seed set in the species studied. Although seed set
was found to vary significantly (18 level) among the several pollen
sources on both mother trees, the average number of developed seeds
per cone (i.e., those visually judged to be of normal size) did not
differ significantly among these pollen sources on either mother tree,
as determined by Sche{f6's (f959) S-method. This may have been due
to variation between isolation bags within a pollen treatment, and
the standard deviation (Table I) ranged from 7? of the treatment
average (Engelmann spruce x white spruce) to 50? (blue spruce selfing).
The number of developed seeds represented 94E or more of the total
seeds extracted (i.e., very few seeds were classified as aborted),
except for one interspecies combination on the Engelmann spruce mother
tree (Pi eng-4 x Pi pun-I8) in which 848 of the total seeds developed.
Wright (1955), too, has reported high sets of cones and empty seeds
from alI of his pollinations on white spruce. Orr-Ewing (1954) found
that after selfing Douglas-fir (Pseudotsuga tarifoli.a (Poir. ) Britton)
= (Pseudotsuga menziesii (Mirbel) Franco), developmental processes
proceeded noimally until after fertilization, when embryo collapse
occurred, resulting in empty or nearly enpty seeds. The mechanism
which brings about-development of cones with empty seeds in the spruces
is not known.

InitiEtion of germination

For a given germination chamber, the date folfowing seeding
on which the firit seea within that chamber showed an emerging radicle
was recorded. These data showed similarities in the time when germ-
j-nation began, among the following groups:

l. Intraspecific half sibs of the Engelmann spruce mother tree'
including poltinations by Pi eng-9, selfing, and wind'

2. Intraspecific half sibs of the blue spruce mother tree,
including pollinations by Pi pun-40, Pi pun-}l, and wind.

3. Interspecies half sibs of the Engelmann spruce mother tree'
including pollinations by Pi pun-18 and Pi pun-Kirlin.

Figure I shows extensive overlap among all- three groups in the date of
geimination initiation of seeds in diiferent chambers. However, when
f.he mean day of initial germination was computed, it was found to be
9.17 days for the Engelmann spruce half sibs and L2.94 days for the
blue spiuce half sib6. The mean day of initial germination for the
putatiie hybrid half sibs was 1I.09 days, or very nearly the simple
arithmetic mean between the dates of the two parental half sib groups
(f1"06 days). The 958 confidence limits indicated no significant
difference in the mean.day of germination initiation between the puta-
tive hybrid progenies and either of the parental progenies, but the
parentlI proge.ti.es differed from each other in this respect. Thus,
itti" g"t*itt.i.iott characteristic behaved as a quantitative trait in a

f irst-generation hybrid.
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Germination trend

The germination trends displayed by the distribution patternsof total germination in Figure Z suggest no -outstanding differences
among the three progeny groups named above. The measuie of germination
trend used for statistical analysis was computed as the weigfrtea mean
lay of germination for each progeny group fiom brotter test-data.4
These means and their 95? confidence-intervals were L0.47 r O.18 d.ays,
11-40 t 0.99 days, and 13.00 r 0.53 days, respectively for the En-
germann spruce, putative hybrid, and brue spruce progenies. The mean
lay of_ germination of the putative hybrid aia not-differ significantlyfrom that of the Engelmann spruce felnale parent, but that oi the bluespruce was significantly larger than the other two. These results
suggest that maternal influence may be operative in controlling germ-ination trend. However, the fairuie of overlap of only 0.oe diy6 inthe confidence limits of the putative hybrid and the blue spruce pro-genies suggests that further data could indicate intermedialy for- thisgermination characteristic.

Cotyledon number

The mean cotyledon number of the putative hybrid seedlings(5.4 t 0.34) did not differ significantly fiom that of the femateparental Engelmann spruce seedrings (5.8 I 0.14). However, the brue
spTuge intraspecific progeny had significantly more cotyledons (7.2r 0-30) than either of the other two progeny groups. A simirar
suggestion of maternal influence on cotyledon number.was observed byFowler (1965). He noted that the cotyledon number of hybrid progeny
from a cross between Picea sehrenkiara Tlsch and Meyer lnd p.' gl-aucidid not differ significantly from that of female paiental progeny of
open- and self-pollinations. The differences in distribution of coty-
Iedon number in Figure 3 show that the range among the putative hybrid
seedlings is the narrowest, whil-e that of the blue spruce seedlings isthe widest. The data for Engelmann spruce agree with Bates' (1925)
early observations that the range in cotyledon number is four to seven,
mostly six for that species.

Hypocotyl color

The intraspecific progeny of the blue spruce mother tree had
red-pigmented hypocotyrs. on the other hand, arl of the Engelmann
spruce, as well as the Engelmann spruce x bfue spruce putative hybridprogenies, had green hypocotyrs. Bates (1925) long ago considered the
green hypocotyl color as a key characteristic for identification of
Engelmann spruce seedlings, and from the resurts of this study, one is
tempted to infer that hypocotyl color is influenced by the maternalparent. However, Fowler (1966) observed that the red hypocotyl colorof hybrid seedlings between P. schrenkiana and P. glauca- resembled that
of the male parental progeny at 6 weeks. After 8-r0 weeks, the color
had become yellowish-red. The blue spruce seedlings observed. in the
nursery in the Colorado study Lost their red coloration gradually,
becoming_green by the end of the first growing season. Thusr thenature of genetic control of hypocotyl color is not clear.
4 No Engelmann spruce

the nursery seedbed,
x blue spruce hybr:id seedlings were obta ined j.n

suggesting sone hybrid inviability.
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Figure L.

Figure 2.

-tI

Distribution of time (day ) of initial germination of se,ed
samples in blotter test bhambers' 1966, from intt'a- and
intbr-speeifie eroaaes betueen EngeLmann spruce and blue
spruee, L96 4.
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Hybrid abnormalities

Of a total of 19 putative hybrid seedlings obtained from the
interspecies crosses between Engermann spruce and 6rue spruce, four
germinated normally but ceased development shortly after emergence ofthe radicle. Four others displayed abnormal germinations in whictr the
cotyledons of the seedlings protruded from the seed before the radicle
emerged. Development of these seedlings usualLy ceased after the
cotyledons appeared, and the radicle did not break through the seed-coat, a characteristic that has also been observed by IIIies (f952)
among wind-polrinated progenies of Norway spruce (pieea abies
(Linnaeus) Karsten). In those few seedlings which continued to grorr,
a branched hypocotyl developed with a rudimentary set of cotyledons
terminating both branches. Growth in these instances proceeded with
the radicle tip remaining inside the split seed coat. These abnor-
malities occurred in interspecies crosies only when blue spruce was
the pollen parent (a11 seedlings obtained from the white spruce pol-
linations on EngeLmann spruce were normal), and they suggest some
degree of hybrid inviability.

SUMMARY

Caution needs to be exercised in the interpretation of the
results of this study. Due to the low number of putative hybrid pro-
geny obtained, random deviations tending to display a particular
character could occur. Furthermore, the absence of hybrid progeny
from the blue spruce mother tree prevents clear detection of, maternal-paternal influences that may affect seedling characteristics. With
these qualifications, the following seem to be suggested from the
results of this preliminary study of crosses within Picea A. Dietrich,
based on germination chamber and seedbed observations:

1. Interspecies compatibility betr^reen Engelmann spruce and blue
spruce is Iow. And if natural crosses between these two
taxons occur, Engelmann spruce may be the more probable female
parent.

2. Interspecies compatibility between Engelmann spruce and white
spruce is high, and further investigations to elucidate the
species relationship and the possibilities,for improvement
should be undertaken.

3. Seed development is no indication of seed set in the species
studied, and morphogenetic studies wilt be necessary to ex-
plain this phenomenon.

4. Initiation of germination within Engelmann spruce and blue
spruce may be under control of multiple genes, as indicated
by intermediacy of the mean day of initial germination of the
putative hybrid between those of the parental species progenies.

5. Germination trend may be controlled by maternal influence; the
putative hybrid did not differ significantly from the Engelmann
spruce maternal parent in mean day of germination. Further
data could indicate, however, that the putative hybrid is in-
termediate in this characteristic also.
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Cotyledon number of the interspecies putative hybrid seedlings
did not differ significantly from that of the female parental
Engelmann spruce seedlings, suggesting maternaL influence.
The nature of genetic control of hypocotyl color in spruce is
not clear. Hypocotyl color of the interspecies putative
hybrid resembled that of the maternal parental progeny. But
other investigators have found such color to resemble that of
the paternal parental progeny.
Some hybrid inviability may exist in certain spruce inter-
species hybrids. Seedbed germination of Engelmann spruce x
white spruce hybrid seeds was considerably less than that of
Engelmann spruce; no seedbed germination was achieved from
the seeds obtained from the Engelmann spruce x blue spruce
cross. Furthermore, approximately one-half of the Engelmann
spruce x blue spruce hybrid seeds in laboratory tests germ-
inated abnormally. Coupled with the ]ow interspecies com-
patibility, few natural hybrids between the southern Rocky
Mountain spruce species would be expected.
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TNTROGRESSIVE HYBRIDIZATIoN !ry rHE SPRUCE SPEC]ES
OF BRITISH COLUMBIA

L. Roche,
Reeeaneh Sci'entiet, Foneetny Bnanch"
Depantment of Fisheniee and Foneetng,

Si'LLerg , P. 8.

INTRODUCTION

There are four spruces in British columbj.a which form a
complex of sympatric and allopatric populations with a province wide
dietributionl These are Sitki spruce (Picea aitcheneie (Bong. )

carr.), black spruce (p. maniana (Mi11.) BSP.), whlte sPruce (P.
glauoa' (Moench) Voss ssp. glauca), and Engelmann spruce lp, g.Laylq
iuoenctri Voss ssp. engeina-nnii (Parry) Tailor). The taxonomic liter-
ature "iso recogi'tizes the occurrence of two other varieties of white
spruce in Britiih Columbia, e.g. Porsild spruce (P. glauea (Moench)
vbss var . poz'ei,Ldii Raup) , and western white spruce (P' glauea (uoench)
Voss var. alberti.ana (S. Brown) Sarg.).

Ttre distribution of the components of this great spruce com-
plex Ls known only ln very general terms, and there are no detail'ed
aistriUutional rnais avaitiUie for eritish Col.umbia other than those
published by Whitford and Craig in 1918.'

' Ttre present study is divided into two parts, one of which
refers to physiological variation in ittuttature spruce populationsl and
the other Lo-morph6logical variation in mature -populations. llhe
geneeological and sifiicultural implicatJ"ons of the results lrtill be
ieported elsewhere. This paperl therefore, is concerned princlPflly
wlth the results of the study whtch relate to natural hybridLzatlon of
spruce in British Columbia.

MATERIAI,S AND ME.TITODS

Physiologica! Variation in Juvenile Populations

One hundred and fifty spruce provenanceEi t{ere sovrn in a
specially prepared soil mix (Baker 1957) at the Cowichan take nursery
on Vancouver Island, British Columbia, in the spring of 1964. The
provenances were randomized in six replications and sown at right
angles to the long axis of the beds. Each provenance represente the
bulked seed of a 'iarying number of trees collected and registered
under the supervisio-n oi professional personnel of the British Columbia
Forest ServiLe. Fig. t ana Table I Eive details of the geographic
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ALBERTA

250



'1'a l: le I " Geographic origin
arranqed in order

150 spruce provenanceFt
increasinq elevation.

( seed collectJ.onn )of
of

['rov
No. Lat Long Elev in

1000 ft
Prov

No. Long Elev ln
1000 ftl,A t

I
2

3

4

5

6

7

I
9

10

II
T2

I3
I4
15

16

L7

18

19

20

2L

22

23

24

25

26

27

28

29

30

31

32

s3 40

52 22

50 03

55 0s

s4 03

49 08

48 50

53 05

s3 30

53 06

s0 32

55 05

54 40

54 45

51 lt
5s 08

55 18

55 28

55 17

51 37

51 35

s4 54

55 36

55 36

53 25

55 28

54 48

54 45

54 10

54 10

s4 14

55 30

L32 20

l-26 45

L27 03

129 2s

128 39

r25 2s

L24 45

r32 05

L32 t5
I32 03

t27 15

r29 20

128 4s

L28 45

]-25 34

L27 24

L27 42

L27 42

L27 24

119 s0

II9 51

L27 15

l27 50

r27 50

L22 40

L27 50
j-27 00

L27 00'

I22 15

t22 LO

L27 22

t2r 35

0.I
0.r
0.1
0.I
0.1
0.2
0.3
0.3
0.4
0.4
0.6
0' 7
0.7
0.8
0.9
1.0
1.1
r.2
t.2
1.4
r.4
1.5
1.5
1.5
1.7
r.7
1.9
1.9
r.9
1.9
2.0
2-O

33

34

35

35

37

38

39

40

41

42

43

44

45

46

47

f8
49

50

5I
52

53

54

55

55

57

58

59

60

6T

52

63

64

54 06

54 06

55 40

54 s6

54 56

54 56

54 56

s4 56

54 00

54 II
s4 It
54 05

54 06

54 56

54 05

54 15

s4 15

54 10

s5 18

s4 05

54 l0
s4 00

54 00

54 30

54 30

52 20

52 25

, 54 07

s6 30

54 20

55 20

s4 L7

L22 03

L27 25

L22 L2

L27 25

L27 25

I27 25

r27 25

r27 2s

I22 00

L22 07

L22 07

121 s3

L22 03

L27 25

r22 03

r22 20

r22 20

L22 15

t27 19

r22 03

L22 10

L22 00

r22 00

r24 00

]-22 40

r2t 40

I2T 25

L22 50

12r 06

L22 40

L26 38

r22 37

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.r
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2-2
2.3
2.3
2.3
2.3
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Table I (continued)

Prov
No. Long EIev in

1000 ft
Prov

No. Long Elev in
1000 frLat Lat

65

66

67

68

69

70

7L

72

73

74

75

76

77

78

79

80

81

82

83

84

85

85

87

88

89

90

91

92

93

94

95

96

97

54 05

54 05

55 02

s4 40

54 15

54 10

54 38

54 22

54 05

54 53

54 07

57 10

55 36

54 27

54 oO

54 15

54 04

54 2t
55 05

53 40

54 08

50 10

5s 00

54 06

53 20

5L 42

49 04

s2 L2

51 I0
49 00

49 35

50 00

I22 05

t22 0s

126 30

L27 15

I22 15

123 r0
I27 12

L22 30

L27 l_5

L26 44

L25 2s

121 50

:-27 s0

L26 54

12I 30

121 55

L2t 27

L25 26

r27 20

L22 25

L27 09

118 0o

t27 00

I27 25

r22 10

120 r0
r20 45

119 ts
r20 ls
116 4s

1r5 59

1I8 o0

49 07

50 38

5t L4

49 55

49 r0
49 55

49 55

50 15

49 00

50 40

5L 44

50 39

49 20

50 42

50 52

49 03

51 08

51 07

49 29

49 05

49 55

50 32

50 25

49 49

49 55

s0 5I
51 40

49 0s

s0 08

49 22

51 46

51 00

50 07

L20 53

1I8 00

L20 15

1r8 35

120 3s

r20 35

LLg 46

117 50

116 40

tr9 35

120 0s

r17 32

117 15

lr_9 3o

r19 s0

116 s8

117 05

118 15

II7 14

115 47

114 46

115 55

rt8 02

116 16

114 45

tr9 52

L20 t-0

116 45

II5 26

114 3s

r20 10

119 52

TI9 42

4.0
4.0
4.0
4.0
4.0
4.0
4.L
4.2
4.2
4.2
4.2
4.2
4.2
4.2
4.2
4.3
4.3
4.3 .

4.4
4.5
4.5
4.5
4.5
4.5
4.6
4.6
4.6
4.6
4.6
4.6
4.6
4.7
4.7

2.3
2.3
2.3
2.'4

2.5
2.5
2.5
2.6
2.6
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.8
2.9
2.9
3.0
3.0
3.0
3.r
3.2
3.3
3.4
3.5
3.5
3.5
3.8
3.8
3.8
3.8

98

99

100

101

102

103

104

r05
r06
107

108

r09
r10
111

LT2

113

114

rt5
tt5
117

118

119

L20

121

122

L23

L24

125

126

L27

L28

129

r30
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Table I (continued)

ProV
No. Lat Long Elev

r000
Prov

No. Lat in
ft

in
fr

_ EIevLong rooo

13I
132

133

134

13s

r36
L37

138

139

140

50 04

sl 07

49 10

49 15

50 34

49 55

49 45

49 46

s0 05

49 03

4.7
4.7
4.7
4.8
4.9
4.9
4.9
5.0
5.0
5.0

141

L42

L43

t44
145

L46

r47
148

149

150

50 15

s0 29

49 26

49 55

49 20

49 15

49 r8
50 0l_

49 06

49 35

1r5 45

r19 4s

116 08

l_r4 44

116 08

117 45

116 00

LLg 42

114 40

1r7 48

5.0
5.1
5.r
5.1
5.3
5.5
5.5
5.5
f,-b

5.7

II9 41

117 15

116 08

1I5 14

IT9 29

1I4 55

117 00

lls 24

1.I7 4s

tt4 40

origin of each provenance. The location of the Cowichan nursery is
also indicated in Fig. 1. Table 3 summarizes the measurements made
during the first and second nursery year

Morpholoqical Variation in Mature PopulPtjlgns

The study of variation in mature populations refers to an
assessment of variation in spruce cone scale morphology. One hundred
and fifty seven areas were sampled throughout the range of spruce in
British Columbia (Table 2, Fig. 2l . Twenty cones were taken from the
base of each of five trees to give 100 cones per sampled area. The
cones were kept separate by trees. In the laboratory a cone scale
was taken from the midpoint of each cone and measured (FiS. 3).

AII data were subjected to statistical analysis, and' to
clarify the complex pattern of variation in cone scale morphology in
sympatiic zones, recourse was made to extensive graphing of cone scale
data. A modified form of the "line of shape" method developed by
Jentys-Szaferowa (f959) was used, and is explained below.

From the total number of trees sarnpled, five trees of white'
Engelmann and Sitka spruce were selected from allopatric zones of
each of these species. Since no allopatric zone of black spruce \^ras

sampled it was necessary to select individuals known to be pure black
spruce trees from diffeient sympatric zones of white and black spruce.
These trees, representing the pure form of each of the four sPruces
occurring in Aritish Columbia, are henceforth referred to as standard
samples. The cone scale samples of these trees were measured in the
manner described, and mean measurements obtained for each of the four
species in its pure form (Table 4).
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'l'at-rl.c 2' (]eo<lraphic oricrin of I57 spruce cone samples arranged i-n
orcler of increasing elevation.

Sample
No. Lat Long Elev in

1000 ft
Sample

No.
Long Elev

r000Lat in
fL

I
2

3

4

5

6

7

8

9

IO

11

T2

I3
L4

l5
l6
T7

18

t9
20

2T

22

23

24

25

26

27

28

29

30

31

32

2

35

3

37

57

33

34

35

36

37

38

39

40

4T

42

43

44

45

46

47

48

49

50

5l
52

53

54

55

56

57

58

s9

60

6I
62

6-l

64

54 14

54 15

54 15

54 13

54 15

55 10

I28 32

r29 27

L29 48

130 16

r30 I
r29 15

L29 33

r28 23

L29 30

r28 42

L28 23

r29 02

128 16

L27 46

128 53

I27 41

I27 36

120 03

131 1r
L28 47

119 53

L22 4L

r22 44

1.26 53

r20 02

L22 26

I27 L4

r27 08

L22 27

L20 03

r22 04

L2L 40

0.3
0.3
0.4
0.4
0.5
0.5
0.5
0.5
0.5
0.6
0.7
0.7
0.8
1.1
r.2
L.2
r.2
r.3
I.3
I.4
1.4
1.6
L.7
r-7
1.8
r.8
t.9
2.0
2.0
2.O

2.0
2.0

s4 06

59 58

53 40

55 37

sl 10

52 2L

53 00

54 50

54 32

54 39

546
54 1

54 18

54 00

53 49

53 67

54 18

58 L4

49 r7
54 20

54 26

5s 3

53 45

55 2r
s4 13

54 44

53 40

53 45

53 4r
49 02

49 L4

54 03

L22 23

r28 9

I20 25

I22 00

120 0s

I22 20

L22 30

L27 15

L25 45

L22 43

L22 4

r24 6

\22 37

L22 30

L22 47

L22 42

r22 36

130 3B

l17 13

L22 37

L24 2L

126 30

L22 52

L22 36

L25 39

L27 IL
t22 25

r22 30

r22 55

r17 l0
r2t 06

L24 42

2.0
2.L
2.r
2.I
2.L
2.2
2.2
2.2
2.2
2.2
2.2
2.3
2.3
2.3
2.3
2.3
2.3
2.3
2.4
2.4
2.4
2.4
2.4
2.4
2.5
2.5
2-5
2.5
2.5
2.5
2.5
2.5

55

54

55

54

54

s5 16

552
557
55 23

s5 12

55 23

51 50

57 55

55 28

51 35

s8 37

58 L2

s9 39

51 08

52 46

54 50

54 45

52 55

51 50

54 06

54 02
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Table 2 (continued)

S.rmple
No. Long Elev

I 000
SampIe

No. Long EIev in
1000 ftL.a t in

fr Lat

65

66

67

68

69

70

7L

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

st 50

52 L2

53 54

s3 40

53 45

55 45

51 05

49 07

54 44

54 29

s9 48

54 45

51 50

.s3 40

54 07

5t 04

56 25

54 44

54 27

56 44

s3 40

59 16

54 45

58 44

s0 54

50 55

49 tl
50 00

54 s6

5l_ 30

s3 40

50 55

54 46

L20 03

L22 05

r23 26

L22 25

L22 15

120 38

120 00

118 3s

t27 L2

L26 15

I29 08

r27 02

120 03

L22 25

L2L 44

119 56

I2I 09

I27 16

r25 4s

121 55

I22 25

L29 37

l-27 T7

r24 55

I19 49

L20 25

120 36

I20 36

126 34

117 18

L22 25

L20 2s

I27 I7

50 42

53 18

50 55

49 04

51 03

51 2I
57 17

50 55

53 40

49 33

50 52

49 06

54 47

51 50

50 44

49 03

50 42

50 48

496
50 08

50 55

54 47

s3 04

51 02

s0 55

496
50 50

50 42

51 33

49 44

49 44

50 39

51 50

r20 23

L22 08

L20 25

120 50

lr9 53

115 34

L22 45

L20 25

I22 25

LT6 27

119 s0

L20 50

T27 L7

120 03

TLg 27

I20 sl
r20 23

t16 00

116 s4

r18 34

120 25

L27 I7
121 3r
115 58

L20 25

I15 56

119 s0

r20 24

r19 44

117 09

Ils 31

116 00

120 03

2.6
2.7
2.7
2.7
2.7
2.8
2.8
2.8
2.8
2.8
2.9
2.9
2.9
2.9
3.0
3- 0

3.0
3.0
3.r
3.2
3.2
3.2
3.2
3.3
3.3
3.3
3.3
3.3
3.4
3.4
3.5
3.5
3.5

98

99

r00
I0r
102

103

104

10s

106

107

r08
109

IIO
llr
LL2

r13
r14
115

1r6
L17

118

119

L20

L2L

122

L23

]-24

l-25

L26

L27

L28

129

130

3.6
3.7
3.7
3.8
3.8
3.8
3.9
3.9
3.9
3.9
3.9
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.1
4.L
4.1
4.2
4.2
4.3
4.3
4.3
4.3
4.4
4.4
4.4
4.5
4.5
4.5
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,l.nlrlt' f (r:onLlnrrnd)

Sample
No. Lat Lone I,ilev

1000
Samplc

No. LOngin
fr l,a t irr

fr
E lev
1000

13I
L32

133

134

135

135

137

138

139

140

141

L42

143

1-44

49 03

49 47

51 00

49 44

51 50

50 46

50 55

49 L2

50 33

50 59

50 48

495
50 42

51 50

I17 00

115 27

119 50

tL7 09

120 03

II9 33

L20 25

118 00

119 30

119 33

119 s2

L20 46

l20 25

120 03

4.6
4.6
4.6
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.8
4.8
4.8
4.9

145

146

r47
148

L49

150

151

L52

153

154

155

156

L57

496
49 L7

49 24

49 03

49 06

50 05

50 47

49 07

495
sl 12

49 20

49 15

49 29

r17 58

115 58

1I5 IO

117 00

116 58

tr9 40

1r9 s2

116 54

117 I
116 05

116 06

LL7 22

116 08

4.9
4.9
5.1
5.1
5.1
5.1
5.2
5.4
5.4
5.5
5.6
5.8
6.7

Table 3. It{easurenrents
meagurements
of origin.

groltth made on
factors of the

150 spruce provenancesr and
environment at their place

of
of

Measurements
I
2
3
4
5
6
7
8
9

10
1r
L2
I3
L4
15

Code

Latitude L
Altitude ........ ' A
Index of the vegetative Period D

Shoot length in first year. . . .. .. . .. . . ... SLI
Root collar dlareter in first year. ..... - RCJ.

Dry weight in first year. ..... . DWI
sn6oi i6ngttr ln secoird year. 'sr,z

Root collir diameter in second year. Rc2
Dry. weigh.t ln second year. o. . . . DWz

Percentag€ dormant on June 30... DJ3O
Percentage dorrnant on Juty 7 .. . .. .. . D'Jy7
Percentage dormant on .Iuly 14 DJYI4
Percentage dormant on July 21.... DJY2I
Percentage dormant on July 28...... . DJf28
Percentage dormant on August 4.... DA4
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Figure 3, Diagnamnatie tepresentation of sp?uee ecale and bnaet
ehouing fiue basie measuremente, The f,iue deriued mea-
euremente ane Lr/Lr, Lr/Lgt Ll/W1, Lr/w2, and L./LZ X La.
The order of oeeunrenee of theee 70 meaeuremente in
aLL eubeequent figunes and tables is as follous:
1 2 6 4 5 6 7 I I 10

Ll Lz Ls Wt il2 r,1/L2 Lt /L3 L1/r,/1 Ll/hl2 r,1/L2 X LA.

The mean measurements were used to derive characterl-stic
'lines of shape' for each species. Species are compared by visual
assessment of these lines of shape of cone scale morphology. For
example, the mean values for white and Sitka spruce are given in
Table 5, together with the ratios of the values Sitka,/white spruce.
In Fig. 4-1 whtte spruce (standard) is represented by a straight
Iine with the value of 1. The angular line represents Sltka spruceplotted in relation to white spruce for each oi ttre five neaeuiements
and fl-ve derivatives of cone scale morphology (Fig. 3). Similar
comparisons are illustrated for other species combinations in Fig.
4-2t -3, -4, and Fig. 5.

When a cone scale sample ie from a sympatric zone r and is
doubtful or unknown as to species it can be graphed against the
standard samples, using the means for the species represented in the
sympatric zone. The greater the similarity between the unknown and
the standard sample the greater the tendency for the llne of shape of
the unkno$rn sample to form a straight line. Converselyl when the

2mm

I

I

!l

I

\

II

\

I

I
\

\

l,tD

::/::[

/l
rl
I

I'
I

i

I

i

I
I

,tl

258



Table 4. Cone scale morphololly of black, white,
Engelmann and Sitka spruce.

o
c)

'Fl d
OD
oo
(,J

Lt r,2 L3 Wt Wz LL/L2 Lr/L,3 Lr,/Wl Lr/W2 Lr/L, x L,

|1
C)
4
FIn

r38-3 1.02 0.82 0.32 0.85 0.76 L.24 3.27 r.19 r-36

143-3 I.09 0.82 0.30 0.93 0.75 r.33 3.67 r.19 r-46

14r-r 0.84 0.68 0.22 0.68 0.60 r.24 3.81 L.25 r.41

145-5 1.13 0.83 0.31 0.97 0.80 r,37 3.80 r.L7 L.45

L46-4 I.l-2 0.79 0.24 r.00 0.81 1.43 4.76 I.L2 r.40

x r.04 0.79 0.28 0.89 0.74 r.32 3.86 L.r8 L-42

0 .39

0.40

0.2I

0 .42

0.35

0.37

14
H
H
!q
B

64-l 1.16 0.99 0.4s 0.91 0.82 r.r8 2-63 r-29 L-42

6s-r r.15 0.99 0.43 0.89 0.79 l-.18 2.78 r-32 1-48

7o-r 1.17 1.Or 0.46 0.93 0.82 r.L7 2-60 l-27 r-44

7l-l- 1.tl 0.98 0.45 0.84 0.77 r.14 2.52 r-33 r'-45

72-L L.20 1.00 0.42 1.05 0.92 L.20 2 -96 r- 14 l-32

; 1.16 0.99 0.44 o.g2 0.82 r.17 2-70 r-27 L-42

0.53

0.51

0. s4

0.5r

0.s0

0.52

zz
g
Fl
F1uz
frl

93-r r.21 0.86 0.59 0.92 0.67 1.41 2-09 L-32 l--92

95-r 1.32 r.00 0.54 0.88 0.62 L.32 2-49 1.49 2-L6

99-r 1.51 1.15 0.64 o.g7 0.59 L-32 2-37 1-56 2.60

rr6-t r.25 0.92 0.54 0.88 0.61 r.37 2-35 r-44 2-L2

rr8-1 r. 34 0.99 0.59 0.83 0.57 r.35 2-28 r.5r 2-39

x 1.33 1.00 0.58 0.90 0.61 r-35 2-32 r.48 2.24

0.82

0.72

0. 84

0.7 4

0. 80

0.78

4
M
H
Ha

LL}-I L.22 1,00 0.82 0.62 0.52 I.23 r-51 r-97 2.35

r20-11.481.060.870.76 0.5r 1.40 I-73 L-97 2.97

r25-L L.25 0.90 0.73 0.80 0.57 1.41 L-74 r.58 2'23

L28-L r.62 1.11 0.98 0.89 0.s2 I.46 l-66 1-83 3.rs

Lzg-r T.57 1. 14 0.83 0 . 71 0. 50 1. 38 :--92 2 -2L 3 . 16

x I.43 1.04 0,85 0.76 0.52 1-38 1-71 I.9I 2'77

r. 00

1.21

1.02

1.43

1. r4

I. I6
-., represent the measurements illus-

trated in Fiq. 3.
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Figure 4. Chaz,acteristic eu?uea obtained uhen eone scale morphology
of populatiotts from aLLopatrie zones of uhite, Engelmann
and Sitka spruee is compared by Line of shape method.

The numbez,s L to L0 on the uertLeal bans ?epreaent the 10 cone seale
mea.surements illustrated in Eig. 3. The nunbers on the horizontaL
bans are the y'atios of these medsurements of one speeies to the othez'
(see eolumn 3, TabLe 5).
S - Sitka spruce, W - uhite spruce, E - Engelmann spruee.
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Figure S. Charaeteristie eu?Dea obtained uhen cone aeale morp-hologV *
of populati,o.na fron all-opatrie zonee of uhit.e and Engel-
mann spruee La eompared by Line of sha-pe nethod. The black
spruce sanple i.s not fton an allopatnie zona'

The numbers 1 to L0 on the uertieal bare represent the 1.0 eone seale
measurements i|,Lustnated i.n Fig. 3. The numbefs on the horizontal
bars are the ratios of these mbasurements of one species to tha other
(eee eolumn 3, Table 5):
S - Sitka spruee, W - uhite spruee' E'Engelmann spruee'
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Table 5. Comparison of
of white and

means of cone scale morphology
Sitka spruce.

Measurement*
I

White
2

Sitka
3

sitka,/!{hite

Ll

Lz

L3

I. 15

0. 99

0.44

0.92

0. 82

1. 17

2.70

1.27

L.42

0.52

I.43

r.04

0. 85

0.76

0.52

r. 38

I. 7I

1.91

2.77

t_. 15

L.23

r.05

1. 93

0.83

0.63

r. 18

0.63

I. s0

1. 95

2.2

wt

wz

RESULTS

In general the pattern of variation in juvenitre populations
at Cowichan, ind the pattern of variation in mature populations ag
aseessed from cone scile morphology are mutualty corroborative. Both
indicate the importance of environmental factors associated with
altitude in regird to selection and adaptation in the whife-EnEelmann
complex (figs.-}, 6 and 7 and Table 5). In the white-Sitka complex
both studtei indicate.the extent and effect of the penetration of
Sitka spruce genes into white spruce populations (Figs. 1r 2 and 8)
in northwestein British Columbia. There is some indication that
hybridization between black and white spruce is occurring along the
Alaska Highway in northern British Columbia (Fig. 9).

LI/I'z
Lr/L3

Ltfrt
Ltfrz
Lr/L,/x L,

*Ll, Lr'eEc. represent the measurements illustrated in Fig. 3.

standard and unknown samples are quite dissimilar, the line of ehape
of the unknown sample deviates maikedly from a straight line. There-
fore, by a visual issessment of the line of shape of a eample from a
sympatric zone it is possible to determine the extent to which the
untcirown sample represents a known standard sample, and to.assess the
degree of putative hybridization occurring in the sympatric zone.
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DISCUS$TON AND CONCLUSIONS

ft is clear from the res;ults that geographic variation in
the white-Engelmann spruce comyrle>< is habitat-correlated. The assump-
tion is warranted, Eherefore, that this variation is genetically based
(l{eslop-tlarrison I954 p. 2I7). 'ILre selection pressures associated
with altitude wilI, as a ruIe, vary progressively and consequently it
is to be expected that the transition from pure white spruce, through
the hybrid swarms to pure Enqelmann will be progressive. This situa-
tion is clearly shown by the pattern of variation in cone scale
morphol-ogy along a sinqle altitudinal transect at Stone Creek, south
of Prince George, illustrated in .Fig. 7, and the hj.gh correlation
between time of enterins dormancy and altitude (rig. f, Table 6).

The survival value of a garticular growth rhythm in a given
population is obviousi what is not so obvious is the extent to which
variation in cone scale morpholoqy per se confers a survival advantage
on spruce populations. The charactbristic shape of the scale of high
and low elevltion populations in the white-Engelmann spruce complex,
for example, may have a direct effect in facilitating pollination at
varying elevationsi for the characteristic shape of the scale is
already present in young female strobili at the time of polLination,
both in high and low elevation populations. More likely, however,
this variaiion in cone scale morphology is a "neutral" character, and
therefore a selective value must be ascribed not to the character as
such, "but to the influence of the genes responsible for it upon the
relative variability of a specific gene combination in a specific
Iocal environment" (Timofeeff-Ressovsky 1940 p. 123).

Low elevation, southern latitude provenances from the white-
Engelmann spruce complex in the interior of British Columbia were
remarkably late in entering dormancy at the Cowichan nursery. Since
there is I frigh correlation between times of entering dormancy and
total growth itaUte g) these provenances were considerably taller than
proveninces from high elevations which entered dormancy at an earlier
date. For example, provenance 20 (Tab]e I), which is from Birch
fsland in the North Thompson River, was one of the last provenances
to go dormant. This same provenance produced the tallest seedlings of
the white-Engelmann complex in the Cowichan nursery. In fact it grew
as rapidly as Sitka spruce in this nursery.

Because of the high correlation between altitude and time
of entering dormancy (FiS. 7, Table 6) the growth behavior of the
Birch tsland provenance, and similar provenances from the white-
Engelmann complex, is explained in terms of the environment at their
plice of origin rather than in terms of heterosis resufting from
|ybridizatioi. Hybridization has occurred, but the resulting hybrid_
swarms have been subjected to environmental pressures simiLar in kind
to those acting on the parental forms.

provenances from the general region of the Nass, Skeena and
Bulkley river basins entered dormancy Later than provenances from
further east but at similar elevations. For example, all provenances
from Doughty (ca. 55o00'N, ca. I27"30tW, e1ev. 2000 ft.) north of
Smithers, a"a from the region of Hazelton, entered dormancy much later
than provenances from further east, e.9. Fort Babine (ca. 55o20'N, ca.
L26" 28tW, elev. 2300 ft. ) .
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The pattern of variation in mature populations.in the same
general region of the Nass, Skeena and Bulkley river basins, as
determined by cone scale morphology, presents strong evidence as to
why the progenies of spruce populations in this area behave as in-
dicated lUove when grown in a uniform environment. It seems clear
that there is a broid sympatric zone of white and Sitka spruce in
northwestern British Columbia, and that Sitka spruce genes appear to
have penetrated along the va1ley bottoms as far east as Hazelton and
Smithers, and southeist, into the valley of the Morice River (Figs. It
2, and 7i. As witL be seen from Fig. I there is every gradation in
cone sca1e morphoLogy from that of pure Sitka (sample 13I) to that of
pure white (sairpfe aZ). There is, therefore, considerable evidence
Ltrat introgressive hybridization is occurring in this area.

rt is suggested, therefore, that the variability in cone
scale morphology ii-northwestern British Columbia is ihe result of
introgreslive frjrUriai"ation between white and Sitka sPruce in this
regioi. Subseqirent selection and adaptation gives a pattern of
variation whicli varies parallel with the progiessive change in envir-
onment.

In the boreal forest region along the Ataska Highway- north
of latitude 57o00', white spruce is typically associated with black
spruce on rnuskeg over a very large arel. Consequellfy it is not
eiceptional thai intermediate forms of black and white sPruce are
repra.sented in these samples (Fig. 9), and, although tfg.evidence is
not conclusive, it is po'ssible t6at introgressive hybqidization is
occurrinE U"tro""n thesL species. In the iietd it is frequently' in-
possible in many areas noitn of latitude 56"00' to distinguish
Letween the species on the basis of crown form, bark type, or cone
morphology (noche 1965)

Natural hybrids of white and sitka sprucef- ald white and
blaek spruce have aiready been identified and described' The white-
Sitka tryUria was descriU6a from material collected on the Kenai
Peninsula in Alaska. The white-black hybrid was described from mat-
erial collected in lvtinnesota (Little fg53; Little and Pauley 1958) '
It appears, however, from the evidence presented in this study, that
both hybrids also occur in British Columbia, though, clearly, much

more detailed taxonomic work in the sympatric zones demarcated for
these species is required before it wirr be possible- to select such
hybrids in British Columbia for tree improvement work

The varietal epithet albet,tiana should be discarded, for-as
Taylor (f959) has pointeh out, and as indicated by the present study'
it refers to the white-nngelmann hybrid

There is no evidence from this study indicating the presence
of Engehnann "pr""" 

iforrg the Hart and Alaska highways north of lat-
itude 55o30'. The Porsitd variety of white spruce dogF-not occur
extensively in northern British c-olumbia. It is possible-that the
small population at Telegraph creek, is of this variety (Roche f965) '
If so, it is oUviousfy w5rtiry of further investigation to determine
its correct taxonomic status, and the value of the population in re-
gard to tree imProvement work.
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USE OF SELF-COMPATIBILITY FOR SEED ORCHARDS

W.H. Cram,
Superintendent, Tree Nursery,

Canada Department of Agnieultune,
Indian Head, Saskateheuan.

C.H. Lindquist,
Teehnieian, Tree Nursery,

Canada Department of Agrieulture,
Indian Head, Saskatcheuan.

Self- and. cross-compatibility of seedtrees within one or
more species provides a tool for rnass production of hybrid. seed for
a specific combination by natural pollination from isolated crossing
blocks. This breeding technique has been extensively used in vege-
tables (onions, tomatoes, cucumbers, etc. ) for conunercial production
of hybrid seed. Breeding studies in progress at the Indian Head Tree
Nursery (formerly the Forest Nursery Station) since 1947 have devel-
oped procedures ior the application of this technigue for production
of hybrid seed of Colorado spruce (Pieea pungens Engelm. ) . Following
is a brief description of the steps in a breeding program using this
technique for coniferous tree species

Seedtrees are selected on the basis of specific phenotypic
characters. Thus the criterion for selection would be inherited
characters such as vigor, growth habit, wood quality, disease or in-
sect resistance. In our studies we have selected for intensity of
the blue-needle coloration factor of Colorado spruce-

The self- and cross-compatibility and natural set of each
selection is determined for two or more years. Six branches of cone-
flowers are isolated by covering with cellulose (sausage casings)
bags in the bud stage. A11 male flower buds are removed. When the
flowers are receptive, those in two bags are self-pollinated, three
are cross-pollinlted with pollen from three outstanding selections,
and one is left as a non-pollinated check. Two branches of cone-
flowers are tagged and recorded as open-pollinated checks. The re-
sulting cones iie harvested and the yields recorded as seeds-per-cone,
to provide indices of the respective self-, cross-, and open-compat-
iUility of each selection. These seedset data indicate the respective
self-compatibility and. cross-compatibility, as well as the potential
capacity for seed production of each selection. Generally, the seed-
sel per cone following self-pollination is much less than by cross- or
open:pollination, but seed weights and germination capacity of the
seed are similar. Some self-incompatible selections have also proven
to be cross-incompatible. Those selections proving self-incompatible
are propagated by grafting.

27I



Small samples of the selfed and hybrid seed are sown to
evaluate seed variability and to identify selections carrying
deleterious characters. Those selections carrying albino or other
undesirable seed and seedling characters are discarded. Larger
samples of hybrid seed from each selection are sown to produce small
progenies for preliminary evaluation of the hybrid characteristics.

Evaluations, in 1966, of the blue-needle character for
I0-year-old progenies from three hybrid combinations revealed that
otie combination produced almost 60t "intense blue" seedlings as
compared to 39 and 20t for the other two progenies. As a result the
two parents have been propagated and are being planted as two adja-
cent rows to establish an isolated crossing block. One of these
selections is self-incompatible, so aIl the seed harvested from these
grafted plants will result from natural cross-pollination and be true
hybrids of the desired type. Thus mass produclion of hybrid seed by
natural pollination is possible and presents the most economic means
of improving conifer tree production.

Subsequently combinations providing superior progeny wiIl
be identified for further improvement in the guality of the hybrid
material.
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VARIAtsILITY OF FLOWER AND CONE PRODUCTION
IN NORWAY SPRUCE

E.J. EIiason,
Head, Forest Research l)nit,

Neu Iork State Coneeruation Depantment,
Al,bany, Neu Iork.

Donald E. Carlson,
Forester, Forest Researeh Unit,

Neu lork State Conseruation Department,
Albany, Neu Iork.

On the grounds of the Ballston Spa, N.Y., Country CIub,
109 Norway spruce (Pieea abies) trees of seedling origin were planted
in 1940. The exact age of the planting stock and origin of the seed
is not known. The trees are probably of continental European origin,
exhibiting several forms ranging from the dense upright branching
type to the hanging lateral type, sometimes called the "comb" type.
The trees were planted about 30 feet apart, and thus represent the
spacing common in a seed orchard or seed production area. For this
reasonr'it seemed of interest to count the mature cones produced on
each tree.

The count began in 1952 and continued to 1968 for a total
of seven seasons. Starting in 1964, an estimate hras made of the
number of both male and female flowers and their location.on the tree.
Observations were also taken on the stage of flushing of the terminal
vegetative buds at the time of flowering. In 1956, the diameters
and heights were taken for some of the trees. In 1968, the trees were
classified as to type of lateral branching. The rainfall records at
the nearby Saratoga Nursery were tabulated. The purpose of this paper
is to summarize the data and observations taken during this 7-year
period.

It became apparent, after 5 years of counting cones' that
trees varied greatly and that certain individuals produced the major-
ity of the cones. With the exception of one year, more than 90E of
the total cones for the 109 trees were produced by 2L trees. These
trees were designated as 'coners'. The cone counts for these trees
are shown in Tables l-3, along hrith the count of another group of 2I
"non-conert' trees, and the total cone counts for a1l trees. The 2l
non-coners were designated as those which had produced no cones during
the 5-year observation period. These 5 years can be considered poor
crop years. fn L967, a heavy crop matured. At this time the non-
coners fruited for the first time, but bore only 787 cones as compared
with 8r92I cones produced by the 2I coners. In 1968, there was an
increase in both groups over the previous poor years and some incon-
sistency among the individual trees. Twelve trees of the non-coner
group produced some cones again in 1968.
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Table l. Cone production for
Norway spruce open

7 years of a
grown stand.

Coner
Group
Tree
No.

1962 196 3 1964 1965 1966 1967 196 I Total

I

I3

19

32

33

39

47

49

54

56

51

62

72

75

83

87

20s

2r0

212

2L5

2L6

65

13

27

2

I

50

140

2

43

35

I
t1

30

I2

80

I9

I1

L2

I5

32

1r0

l1

31

65

8

I

1

59

10

23

3

46

27

9

0

90

20

29

30

6

10

1

2

5

0

I

I

4

2T

18

3

40

3

0

0

20

9

3

0

5

2L

4o

26

I0t

20

0

0

0

0

0

32

36

0

6

0

0

0

56

0

0

45

7

35

4

6

L4

I
10

I

26

55

19

35

4

2

3

2

2

30

0

9

31

0

5

20

272

263

750

293

97

687

497

32r

497

237

L77

325

614

L75

L92

314

329

195

233

145

258

25

36

34

0

13

0

282

3

27

I
66

28

0

0

2L

57

L92

32

62

39

43

482

382

877

3L4

114

758

LO? 4

405

664

320

301

394

655

209

478

413

570

3s0

344

306

462

342Totals - 711 490 222
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Table 2. Cone producti.on for 7 years of a
Norway spruce open grown stand.

Non-Coner
Group

Tree No.
1962 196 3 L964 1965 1966 L967 196 8 Total

2

4

6

IO

L2

15

20

24

29

38

43

51

60

65

70

8l

88

200

201

202

2L4

Totals -

0

7

2

92

3

4

L7

111

0

0

81

113

19

I

18r

9

L7

49

65

0

9

I
0

0

15

0

4

2

0

0

5

38

0

3

I
0

7

6

0

3

0

3

I
7

2

108

3

,8
19

111

0

5

lt9
r13

22

9

181

16

23

49

68

0

L2
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Table 3. Summary of cone production for 7 years of all groups.

Groups
2I Coners
21 Non-Coners
Remaining 67

Totals -

Percentages
21 Coners
21 Non-Coners
Remaining 67

Totals -

Number of Trees
of the 109 with
cones -

Percentages
each year -

Number of Cones by Years

1963 L964 1965 1966

,*
0

3 8r

529 227 345 366

1967 1968 Total
9882

876

93 50

1642 20108

L962

7tt
0

75

786

490

0

39

222

0

5

342

0

6871
787

I 555

162 13

961

89

592

90.4 92.6 97.8
000

5.6 7.4 L.2

100. 0 r00.0 100.0

99.2 77.8 42.4

0 0 4.8
. I 32 .2 52.8

r00.0 100.0 100.0

58.5 49.L
5 .4 4.4

36. I 46.5

r00.0 100.0

t0 25 103 58

38. 0 29 .0 r8. 0 9.0 23.0 94.5 52.2

The reason for the heavy cone crop in 1967 is unknown. This
condition was similar in other localities nearby. The rainfall re-
corded at the Saratoga Nursery, some 3 miles away on the same eleva-
tion, is shown in Table 4 for the months of Aprit-July for the years
1961-1958. This shows a more or less normal pattern except for a low
in April and a high in June 1966 which probably coincided with the
time flower bud piimordia were forming. One can also note a low in
June L964, and a high in JuIy L962. These apparently did-not affect
the cone set the following year. Matthews (196I) ' in reviewing the
production of forest tree seed, states that water supplY lan af,fect the
formation of flower buds. Was the heavy cone crop in 1967 related to
the high rainfall in June 1956? If so, would a heavy irrigation in
June increase the number of flower primordia formed in the same year?
Both the coner and non-coner groups were well distributed throughout
the planting, with no pattern-that would indicate any effect of the
site or location on their coning characteristic-

Mean values of diameter breast height and tree height of each
group were of special interest. The 2I coners had a mean diameter of
it.q' inchesr €ls compared with 10.6 inches for the non-coners. Againt
the c6ners had a mein height of 35 feet and the non-coners 3l feet.
The coner trees were, theiefore, somewhat larger than the non-coners-
Ranges were: in diameter breast height: for coners 7.3 - 15.5 inches,
for non-coners 7.7 - 14.4 inches; in height: for coners 31 - 43 feet,

19314I
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Table 4. Rainfall and primordia bud formation.

Year ApriI May June JuIy Year Cone
Crop Affected* Cone Crop

196 I
1962

196 3

L964

1955

L966

L967

1968

4.t9
4. 03

2.22
2.46
2.68
1.43
4.7 4

3.46

3. 35

2.60
3.02
1.50
2.00
3 .97
4. 10

4.7I

4.20
2.r4
2.70

.33
r.81

a1 ?nl **
l-l
2 -77
5-49

2.26
2.55
2.L6
3. 04

3.85

L962

196 3

r954
196 5

196 6

L967

1968

1969

786
529

227

34s

366

16213

L642
?

*Primordial flower buds expected to be laid down during a period of
4 months, with ilune being the prime month.

**4.19 inches recorded for 26 June 1966.

for non-coners 22 - 40 feet. The largest tree in height and diameter,
a coner, tree No. 47, also produced the largest number of cones (t'074)
in 7 years.

At the time flowering was recorded, the terminal vegetative
buds were observed on all treei. There was considerable variation
among individuals ranging from no open buds to ne\4t growth up Eo 2 or
3 inches. When coneri aid no.t-coners were compared the former were
Iater in flushing than the latter. In each year of measurement the
coners had less ierminal growth than the non-coners, with mean shoot
lengths of I.5 and 2.2 inches respectively'

The location of the male and female flowers on the tree
crown is of interest in relation to probability of self pollination
and'for the effect on seed production of crown topping to facilate
cone collection. The rel-ative abundance of flowers in each of 5 years
r^ras scored in three portions of the crown (Table 5) . For each tree,
the upper, middle anh lower third of the crown were rated by eye
according to a classification of 0 - 5 for each kind of flower' The
accuracy-of the method was verified by a correlation of the total
ratings for 5 years with the subsequent cone count. The correlation
(r = 0.78) was signifi-cant at 0.18 level using student's t-test. For
each class of abuidanc-e of female flowers there appeared on the aver-
age 20 mature cones.

FromTable5,itisevidentthatthemaleorstaminate
flowers were better distributed throughout the depth of-the crown'
*iitt-iea i" tr'J-i;;";-$lial-i"a tne iemainins 82? equallv divided in
the upper two-thirds of the crown. only 98 of the female or ovulate
flowers were in the lower one-third and 918 in the upper-two-thirds'
Also the upper-third had nearly 608 of the total female flowers'
Wright (1953) observed the fr,titittg records on seven individual- Picea
abies at the Morris Arboretum for 5 years, and found variation among

the trees. one-proauced .o fr,riling-for ihe period, three produced

3.72
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some fruiting for I or 2 years, while the remaining three produced
heavily for 2 to 4 years of the period. He also observed that Norway
spruce bears its female flowers over the entire crown but they tend
to be more abundant in the top. The male flowers were borne over the
entire crown. A topping operation which would remove the upper one-
third would at the same time reduce the cone producing potential to
40* of the whole tree. Topping can be done during a year of a heavy
crop, such as 1967, and the crop utilized. It is possible that by
opening the crown to introduce more light, physiological changes
might increase cone production in the lower two-thirds. However,
topping increases the proximity of the male to the female flowers on
the same tree and more selfing may be expected.

Holst (1955) and others have classified Norway spruce crown
types according to branching habit. This was also done for the 109
tiees inctuded in this study. Branch type (1 - 5) was related to
flower production and attack by white pine weevil (Pissodes strobi)
(table 6). Type 1 is the typical comb spruce, with the laterals on

Table 6. Relation of tree branching habit to flowers'
cone and weevil attack.

Tree Type

3 TotaI

5

189

6.3

l-23

4.1

16

317

3.3

198

2.I

38

647

2-8

248

79

33

289

t.5

L02

64

17 IO9Number per Type

Total Rating of
Male Flowers

Average Rating* per
Tree per Year

Total Rating of
Female Flowers

Average Rating* per
Tree per Year

Total Cones

Average Cones
per Tree

Total Weevil
Attacks

Average WeeviI
per Tree

1819 4 303

364 269

393 165

r.7 .8

9405 3380

119 15 61

L.2 2.4

80 950

.8 1.5

L552 20464

91 188

33 2t5

1.9 2-O

34

.6 2-r 2.I 1.9

*Each of the three levels of the crown were rated 0 - 5, making a
possible maximum score of 15-
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the branches hanging downward and it is quite open in the crown. The
remaining types become more and more dense and the cro\rtn more closed.
It can be seen that types 4 and 5 produced the lesser number of
flowers and cones per tree. Contrary to the situation reported by
Holst, the weevil attack was somewhat less on the combr or 1 tyPe,
and almost equal on all the other types. The weevil attack was rel-
atively light, with an overall averaEe of two infestations per tree.

Those interested in seed procurement are frequently con-
cerned with expected yields,/acre of seed production areas and seed
orchards. In this planting of Norway spruce, the 109 trees at 30 x
30 feet spacing occupy about 2 acres. Over the 7-year period' some
20r108 cones $rere counted. Converting this into seed/acte/yeat,
based on 283 cones per bushel and a yield of 9 ounces of seed per
bushel, the yield for all trees was 3 tb. of seed/aere/year. If all
109 trees produced proportionately as many cones as did the 2I coners,
the seed yield would be 7.5 tb./acre/year.
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ROOTING

David

SOFTWOOD CUTTINGS OF LARCH

B. Cookl and Charles H. Frommer2

ABSTRACT

A decade ago, Dr. C1yde'Chandler of Boyce Thompson
Institute developed a technigue for rooting softwood cuttings
of larch. As this could have considerable use in seed or-
chard management, we decided to give it a try.

On 4-5 JuIy 1965, low branches were taken from four young
(12 year) trees - one F-I Dunkeld, two F-2 Dunkeld and one
pure European. Cuttings were immediately set in sand in a
mist chamber. After 4 L/2 months, they were potted up, over-
wintered in a cool greenhouse, field planted the next spring-
Survival at out-planting ranged from 100 down to 338 ' aver-
aged 558.

A1I cuttings tended to grow horizontally; this might
have been cured by staking. As of mid-July' 1968, many plants
were I - L I/2 feet tall, vigorous and making real effort to
straighten up.

on the basis of this informal test, and in spite of many
remediable hazards, it would seem that the rooting of softwood
cuttings of larch is a workable technique for producing gen-
etically uniform material.

rCooxrox Fofest, A1bany, New York.
2New York State Conservation Dept., AIbany, New Yonk.
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RELATIONSHIP OF SPECIFIC GRAVITY ,AND
TRACHEID LENGTH TO GROWTH RATE AND

PROVENANCE IN SCOTCH PINE
Donald E. Dornl

ABSTRACT

The effects of growth rate, cambium age, and provenance
upon tracheid length and specific gravity in Scotch pine were
studied. The research material was obtained from a L940 IUFRO
provenance test planted in New York State. Samples from 10
trees in each of 10 provenances were selected and divided into
S-year growth segments for analysis.

Statistical analyses revealed that both provenance and
cambial age had very highly significant effects on both
tracheid length and specific Aravity. Using tree height as
a criterion of growth rate, no significant effect on tracheid
length was found.

The results of the study concerning the effect of growth
upon specific Aravity were inconclusive. Purther studies are
suggested to determine what components of specific aravity are
affected by growth rate and the magnitude of the resultant
change.

TLre data obtained indicates that the control of wood prop-
erties by limiting the growth rate is not to be recommended.
It is suggested that the greatest wood volume of desirable
quality may be obtained by maximizing growth rate by genetic
and silvicultural means. It is further suggested that final
decisions concerning the type of wood desired must relate to
an end product, thus requiring cooperation between the forest
scientist and the industrial technoloqist.

t U. S. Fone st Service , Allegheny Nat ional Forest , Warren ,
Pennsylvania.
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The effects of different doses of Y irradiation on
seed germination of Pseudotsuga menziesii (Mirb. ) Franco
(Oougias-fir), Pieea sitehensls (Bong.) Carr. (Sitka spruce),
and rsuga hetev'ophyLLa (naf.) Sarg--!t.i!9T" hemlock) were
studiedl The giveir doses were 0r-500, 2000, 5000, and I0,000
r at a dose rate of L39 r/sec. Irradiation enhanced the
germination per cent of stratified seeds of Douglas-fir and
Sitka sprucel but not of western hemlock, The toJ-erance
decieasld in the following order: Douglas-fir, western hem-
Iock and Sitka spruce.

PRELIMINARY REPORT ON THE EFFECTS OF-

GAMMA-IRRADIATION ON THE GERMIN.ATION OF
SOME WESTERN CONIFEROUS SPECIES

M.H. EI-LakanY and O. Sziklair

ABSTRACT

lGr:aduate student and Associate Professor neSPectivelyt
Faculty of Fonestry, Univensity of British Columbia'
Vancouver, British Colurnbia.
Financial_ suppor:t of this nesearch in the fonm of a Forest
Genetics Scholarship by Bnitish columbia Fonest Products
Linited, Vancouver, is gnatefully acknowledged'
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MASS TESTING FOR SUGAR CONTENT IN
SAP IN SEEDLINGS OF SUGAR MAPLE

(ACER SACCI-.|ARUM M,A,RSH.) . )

William J. Gabriell

ABSTRACT

One of the characters investigated in a rangev'tide study
of variation in sugar maple was sugar content in sap. Sap
sugar determinations that were attempted on 1r900 seedlings
ranging in diameter from 0.I to 0.9 centimeters were only
partially successful in spite of refined measurement pro-
cedures and the control of the climatic factors known to in-
fluence sap flow. The sap flow mechanism in young seedlings
is evidently influenced by factors other than those of
climate, and these are apparently outgrown early in life.
Measurements of sap sugar concentrations were successful in
other studies where sugar maples ranged from 0.6 to 8.5
centimeters in diameter.

lResearch PIant Geneticist, U. S. Forest Service, Nontheastenn
Fonest Experiment Station, Burlington, Vermont.
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SOME OBSERVATIONS ON GERMIN.ATION OF
PSEUDqTSUGA MENZTESil (MrRB.) FRANCO

(DouGLAS-F|R) POLLEN lN VlrRo
R.H. Ho and O. Sziklail

ABSTRACT

Dry pollen grains of Douglas-fir appeared in cup shape.
The turgid pollen grains were spherical or elliptical without
a trace of bladders. The exine was thin, about 2 microns,
and quite smooth. The intine was thick, about 8 microns, and
was. of uniform hyaline appearance. The pores in'the exine
and intine were visible. PoIIen germination was stimulated
by growth-promotipg substances. Ten to fifteen per cent of
sucrose provided a favorable osmotic milieu and elongated
pollen growth. Polfen grains, cultured in stock solutation,
10 ppm IAA, and sucrose in 5 days, were found in four cell
stages (tube cell, two sperm cells, and stalk cell) with two
degenerated prothallial ce11s.

lG:raduate student and Associate Pnofessor resPectively,
F:crrltrr nf Fnnacfnrr Ilnirrancitrz nF Rnitieh C^1"-L:--9fullluro t
Vancouver, British Col-umbia.
Financial support of this resear:ch in the form of NRC
67-0595 Grant is gratefully acknowledged.
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E,ARLY RESULTS OF A SUGAR MAPLE
IMPROVEMENT STUDY

George E. Howel

ABSTRACT

fn 1964 the NorLheastern Forest Experiment Station
initiated a 30-origin provenance study of sugar maple
(Acer saeehav'un Marsh. ) Eo assess the nature and extent
of variation and provide juvenile-mature correlations of
several characters. Analysis of variance of mean height
at age 2 years showed the differences between provenances
to be highly significant. A large portion of Lhese growth
d,ifferences may be due to nursery artifacts rather than to
genetic differences. Stem forking varied from 7 t-o 282
forked seedlings, with the bulk of the provenances falling
in the 18 to 238 rangei provenance survival ranged from 24
Eo 52? in the first year. The best surviving provenances
came from the Northeastern United States. Mortality after
the first year was negligible. Analyses will be continued
and expanded in the outplanting phase which is now underway.

I Graduate student, Michigan State
Fonestny and Natunal Resources,

Univensity, Dept. of
East Lans ing, Michigan.
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POSSIBILITIES IN THE P}-IYSIOLOGICAL ANALYSIS
OF GROWTH
F. Thomas Lediql

ABSTRACT

An attempt was made to measure growth in terms of dry
matter relative to three phyeiological criteria: t) photo-
synthetic and respiratlon-rltes, 2) distribution of the photo-
slnthate for growih between leaves and the remainder of the
piant, and 3) 

-duration-intensity aspects of the seasonal
pattern of assimilation. It is emphasized that measurel€nts
bf photosynthesis at a single period of time cannot account
for'growtir. Variation among inaiviauals in the amount-of-
phot6synthate allocated for leaf growth can affect product-
ivity.- Further, a seedling whose genotype enabl-es it to carry
on plrotosynthesis at a high rate at one stage of development
may not be superior Ln this aspect at another sta99. , Intra-
splcific variition in seasonal patterns of net assimilation
rite was re,ported in loblolly pine and areas under the curves
of net assimilation rate during one growing season were used
to explain differences in growth-

certain models are mathematically expressed which take
thpse concepts into account. The effect of photosynthetic
rate and relative leaf growth on accumulation of dry matter
was demonstrated througt{ computer simulation using sinple
models. A final step in the development of the model of
qrowth is to express photosynthesis as a function not only of
iim" but of filnt, temperalure, and rnoisturel thereby ex-
tending its applicability to natural environments'

lAssistant Professor
SchooI of Fonestryt

of Forest Genetics, Yal-e University,
New Haven, Connecticut.
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GENETICS AND BREEDING OF AMERICAN ELM I

Donall Lester2

ABSTRACT

Preliminary genetic evidence for the autotetraploid
nature of American elm was presented and the consequences of
tetraploidy for genetic analysis and for breeding of qualit-
ative traits was discussed. An unsuccessful attempt to
produce polyhaploid seedlings was described. Self-fertility
was shown to be an obstacle in genetic and breeding studies
although the range of variation in self-fertilitll suggests
that self-sterile individuals may exist.

rAppnoved fon publication by Dinecton, Wisconsin Agnieultunal
Expeniment Station. Wonk was supported by funds gnant_ed
under the federal Mclntire-Stennis appropriation for fonestry
reseanch.

2Associated Pr:ofesson, University of Wisconsin, Dept. of
Fonestny, Madison, Wisconsin.
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EMBRYOLOGY OF PICEA GLAUCA (MOENCH) VOSS
R-M. Rauterl and J.L. Farrar2

ABSTRACT

lltre purpose of this study was to follow the developnent
of white spruce strobili prior to pollination until- seed
maturity. The strobili were collected from four trees at the
Southern Research Station, Maple, Ontario. Collections l^rere
made in September L966, February 1967, earLy May 1967, bi-
weekly for a month after pollination, and weekly until seed
maturity in mid-september. Pollinations were carried. out on
25 and 29 May L967. Microscopic examinations were made from
prepared slides.

The male, female, and vegetative buds could readily be
distinguished at the time of the first collection in September.
Litt1e change was observed in the February collection. By
the beginning of May the megaspore mother cel-l had already
undergone meiosis and the megaspore was in the free nuclear
stage. Free nuclear divisions could still be observed in some
megaspores on 29 May, but cetl walls had been laid do-rr.rn in
other!. The first pollen grains appeared in the micropylar
canal on 29 May. These were located on the nucellus by I,Iune'
but pollen germinatiori was not observed until 5 June' 7 to l0
days after pollination. By 12 June, the archegonium within
the megagametophyte had formed. On 19 June fertili-zation had
taken place. Various stages of development could be seen at
this date, ranging from the single nucleate zygote, through
the four and eight nucleate stages of free nuclear division'
to the point where the suspensors had elongated and pushed the
embryonal tier into the garnetophyte tissue.

The embryo developed rapidly, and within 2 weeks the
apical and. basal meristematic zones, the rib meristem, and the
cotyledon primordia could be identified. The vascular system
did not appear until the cotyledon primordia were well formed.
At about the same time, an epidermal Iayer formed which sur-
rounded the cotyledons and the embryo, except for the base of
the embryo which was attached to the suspensors. Littl-e change
was observed within the ovule from the beginning of August
until seed maturity in the middLe of September.

IReseanch Forester, Ontario Dept. of Lands and Fonests,
Researrch Bnanch, Maple , 0ntan io.

2Professorl, Tononto University, Faculty of Fonestny, Toronto,
Ontan io .
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SELECTION AND IDENTIFICATION OF MONOPLOID
POPULUSMMTCHX.

F.A. Valentine, Stephanie (llelvitt) La Bumbard'
and R.G. Fow1erl

ABSTRACT

Results are described for selecting and increasing the
frequency of monoploid P. tnemuloides seedlings among progeny
of controlled crosses of P. tremuloides and P. alba pynanidalie
as female and male parents, respectively. Putative monoploid
seedlings exhibit a low freguency of epidermal hairs on emerging
Ieaves and stems compared with interspecific hybrid siblings.
A method for the identification of monoplgid seeds resulting from
crosses using alba poLlen labeIIed with PJZ proved unsuccessful.
It was shown that detectable quantities of p32 were translocated
from polLen tubes not effecting fertilization so that monoploid
embryos developing from unfertilized eggs could not be identified
by the lack of radioactivity of the seed. One putative rnonoPloid,
however, was obtained in these experiments. Two approaches are
being studied to increase the frequency of monoploid embryos,
namely, (1) colchicine treatment of staminate alba fLowers fol-
lowing meiosis so that either ho functional sperm or a single
diploid sperm is produced in the pollen tuber dnd (21 NAA (naph-
thalene acetic acld) treatment of developing capsules of trem-
bJ.ing aspen which have not been ferEilized to prevent abeciesion
of catkine prior to fruit maturation. Ttuo putative monoploide
occurred among the progeny of crosaes using col.chicine-treated
pollen, but addltional research is necessary ae we have no
evidence that the colchlclne treatment ie effective. The NAA
treatment appears promising ae premature abeclseion of catkins
developlng from f,lowers pollinated with dead pollenr or oD€B
which had not been pollinated, was eignlficantly lese freguent
for the NAA treated groups than the non-treated controls. Four
eeede were harvested, but death due to damping off of two seed-
llngs at the cotyledon stage and failure of germinatlon of the
other two, probably due to dessication, prevented determLnation
of the chromoeomal complement of these embryos. Attempts to con-
firn the haploid nature of the putative monoploids by chromosome
counts have not been succeseful. A dimorphism in leaf charac-.
teristics attributabLe to the trembling asPen parent l"n one of
the experimente ie reported.

lS!ate Unlverslty College of Fonestry of Syracuse Universlty,
Synacuee, New Yonk.
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