

























































































































































































































































































































































































































































































































































































Ontario are among the 10 best seed sources in every one of the 14 out-
plantings. In 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 22% over the plantation average and 16% :
over seedlings from the local white spruce seed source.? 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 yield 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 14 outplantings. Another would be to start additional testing
- of new selections., The entire region shouyld be included, but work
should be concentrated in the area between 85° and 72°W longitude and
south of 48°N latitude, Considering that the variation among individ-
ual white spruce trees is pronounced (Holst and Teich 1966, Jeffers
1968), such tests should be done on an individual tree basis. This
procedure promises to lead to new superior strains generally adapted
to the entire test region. It is possible that some selections, like
seedlings from the Beachburg seed source, would be below average in
adaptive stability. Therefore, progeny tests should be widely dis-
tributed from the Lake States to New Brunswick, particularly on the
best sites.

2Data on file at the North Central Forest Experiment Station, Rhine-
lander, Wisconsin. '
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INTRASPECIFIC VARIATION AMONG 200 STRAINS
OF TWO-YEAR-OLD NORWAY SPRUCE"

John B. Genys,
Research Associate Professor, University of Maryland,
College Park, Maryland.

INTRODUCTION

Norway spruce (Picea abies (L.) Karst.) is an important tim-
ber tree of Europe. It provides lumber and is the most significant
resource of the pulp 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 ornamental. Some of these early plantings may be traced back to
1876 when seedlings were sold at the Centennial Exposition in Philadel-
phia (Wright 1956). 1In some regions, pairs of Norway spruce were
planted 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. 1In these and
other early plantings, Norway spruce was a productive tree. Consequent-
ly, its use in American forestry rapidly increased. By 1965, the
annual planting of Norway spruce totaled nearly ten million trees
(Abbott and Eliason 1968). About one-quarter million seedlings of this
spruce are planted annually in Maryland alone. Consequently, Norway
spruce deserves 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 lowlands (near sea level)
to elevations of 1850 meters. The largest portion of its range is in
the Baltic Sea region which includes large areas of Norway, Sweden, and
Finland; all of Estonia, Latvia and Lithuania; westexrn parts of Russia;
and northern Poland. In the east, Norway spruce of this region intro-
gresses with Siberian spruce (P. obovata Ledeb.). To the south, the
North Carpathian range of Norway spruce extends from southern Poland
through northern and western Czechoslovakia to the Bavarian Forest in
Germany. The southeastern range, known as South Carpathian, includes
portions of western Ukraine, central Rumania and some outliers in south-
western Bulgaria. The fourth large range of Norway spruce is the Alpine

lContribution No. 366 of the Department of Inland Research, Natural Re-
sources Institute, University of Maryland, College Park, Maryland 20742.
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which extends from sub-Alpine areas in southern Germany, through
Switzerland, Austria and northern Italy, to the southeast -~ Yugo-
slavia and Albania - and to the southwest - eastern France. Some
isolated outliers of Norway spruce also are found in the North German
region - the Harz Mountains and the Luneburger Heide. ‘

Variation in Norway spruce has been observed for as long as

200 years, particularly the differences in cone color (Ruhl 1928).
Nurserymen have selected a large number of variants in form and growth
rate (Bailey 1933; Rehder 1947). 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 investigators (Dietrichson 1967;

- Kalela 1937; Langlet 1953, 1961 Rohmeder 1959; Rubner 1957; Schonbach
1957; Stern 1957). ,

In North America, the first experiments were established
with seedlots as part of the International Provenance Trials with
Spruce of 1938/39, sponsored by the International Union of Forest Re-
search Organizations (Veen 1952). At an early age, some of these
experiments 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, 1963; Slabaugh and Rudolf 1957). The summary 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
grown best in the western half of the Great Lakes--St. Lawrence Forest
Region (Holst 1964). However, some fast-growing provenances from
Rumania (Crucea and Valdu Rau), White Russia (Stolpce), Czechoslovakia
(Suinosice), Ukraine (Dolina), 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 were 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 Stockholm with 1050 seedlots. In 1964, 1322
seedlots were sown near Hamburg, Germany. By now, research plantations,
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 gquarantine 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 will be continued in the
field.
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METHODS

o

: The study was made of Norway spruce seedlings grown from
203 different seed sources. Most seedlots (180) were identical with
sources used in the Inventory Trial with Spruce by Prof. O. Langlet.
The remaining 23 seedlots were acquired independently from individual
cooperators. ,

Before sowing, each seedlot was subdivided into four sub-
samples and stratified for about 2 weeks in cold (40 F) water. On
5 May 1966, the experiment was started in the State Forest Tree Nur-
sery at Harmans, Maryland. A 4x replicated, completely randomized
block design was used with 2-foot rows as plots. The rows were 6 in-
ches apart, and each plot included about 16 trees. 1In the first
winter, seedlings were mulched with straw. ,

Two characters were studied: date of bud setting and 2-year
height. During the fall of 1966 when at least 50% of the seedlings
in a plot had set their terminal buds, this was recorded as the bud-
setting date. Two-year heights were determined by measuring the
largest seedling in each portion of a 6-inch row (four seedlings per
plot). Plot means for heights and days of the year for the bud
setting were used as items in the analysis of variance. Degrees of
freedom totaled 811 (202 for varieties, 3 for blocks, and 606 for
interaction). The multiple range test was used to determine the least
significant difference among the strains, and a regular correlation
analysis was applied to learn the relationship between the dates of
bud setting and the heights. The data on seed weights of 180 sources
were received from P. Krutzsch (Sweden). S o T

RESULTS

The growth rate of Norway spruce originating from different
parts of its range was distinctly variable (Table 1). Two-year heights
of strains from different geographic sections ranged from 6.6 cm
(Finland) to 18.0 cm (Lineburger Heide, Germany). This variation was
even larger among individual strains, extending from 5.3 cm (a progeny
from Finland) to 19.3 cm (a source from Beerfelden, near Heidelberg,
Germany). Strains classified by their growth rate in Table 1 also
showed a considerable diversity among the sources originating from
similar geographic areas. This variation was particularly evident
among the progenies from regions with varying altitudes.

; ‘Table 1 also shows that all sources of Norway spruce from its
northern range (Finland, Sweden, Lithuania, and White Russia) grew
slowly. Only four strains from the Baltic range - those from northern
Poland - grew at an average rate. Norway spruce from the North Carpa-
thian region had variable heights. Two sources from southern Poland
and one source from the Fichtel Mountains grew at an average rate,

‘while strains from the Bavarian Forest and Czechoslovakia included four

rapidly growing progenies, eight sources with average heights, and ‘
eleven progenies with inferior heights. -This strong within-region va-
riation was apparently due to differences in altitude. .In contrast to
the Baltic sources which included no strains with superior heights,
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Table 1. Two-year perform&nces of different;stréins of Norway

Strains'with:Superior heights*

Origin of seedlots

. . LN &

Region (sub-range) T . . . =) Iy
Country or . pa v : . : 0 98
geographic section 3 .4::" : }__:-' . 3 't":l
of Germany (G) w o . o o o o

ot o~ o) Q@ - ~ Q0
w ] 0 o " @ 1)
o < o o + n T
-l A o S nw
[ [ =1 ] o - o =3
v o vy o 0 o o .o
+ Q o Q ~ o 33
1] = 2 = = ~ 0 <
. 100
no cm no em Ty . ogr  day
Baltic ,
Finland 3 6.6 0 - - - -
Lithuania 2 10.4 0 - - - -
Sweden, Southern 1 11.5 0 - - - =
White Russia 1l 12.8 0 - - - -
Poland, Northern 4 14.4 0 - - - -
North Carpathian .
Poland, Southern _ 2 14.9 0 - - - -
(G) Fichtel Mountains 1 16.8 0 - - - -
Czechoslovakia S 2 12.9 0 -~ - - -
(G) Bavarian Forest 21 13.3 4 18.1 -11 8.5 34
North German
(G) Luneburger Heide 1 18.0 1 18.0 -1 9.1 22
(G) Harz Mountains 10 16.9 5 18.0 1-6 8.4 35
(G) Western Hills 6 15.9 1l 19.3 3-6 7.5 37
Sub-Alpine and Alpine , '
(G) Upper Neckar 3 16.1 1 17.5 7 8.4 36
(G) Jura 31 16.1 6 17.8 3-7 8.0 31
(G) Bavaria
{(Sub-Alpine) 29  16.2 5 17.9 1-7 7.9 36
(G) Schwarzwald 17 15.8 2 17.9 7-10 8.1 - 36
(G) Bavarian Moraines 22 15.7 3 17.4 3-9 8.0 34
(G) Bodensee and : « . ,
Oberschwaben 20 15.9 3 17.5 -7 7.9 31
(G) German Alps 13 14.1 0 - - - -
Austria 2 14.6 0 - - - -
France 2 14.4 1 17.5 8-9 - 34
South Carpathian . ,
Rumania 5 15.5 1 17.5 -9 7.6 32
Origin Uncertain ‘
Plantations 3 - 1 17.5  (Md.) - 39
(?) "Alps" , 2 1 17.5 - - 39

*Strains that grew at least 17 centimeters and were significantly (at
the 5 per cent level) larger than "strains with inferior heights"
(listed in the third column). '
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spruce in Maryland (at the State Forest Tree Nursery in Harmans).

Strains with average heights

Strains with inferior heights

L4 L] . -g't G : . . o G
S : PR L S ; 3 &
. H . 3 ] . o . 3 o
. < Yt . <] -~
K o o] ! o . o o R} d
R (o} Q o0 o 0 (0] 0
0] ) -t ) 2 ) ) el o o
g =4 4 n 0 g g i) S n o+
) o } 0w u o . o n n
o a P = g o o > o 3
~ ] Q L] | | 81 5] o o LTyl
= 4 i ] E: H Q - =] 3 3
w = %) — Py W = ) — @ <
100 100
o cm n gr day no  cm m gr day
0 - - - - 3 6.6 Low - 1
0 - - - - 2 10.4 1-2 - 7
0 - - - - 1 11.5 Low - 23
0 - - - - 1 12.8 2-3 - 10
4 14.4 1-2 7.3 16 0 - - - -
2 14.9  5-6 8.3 29 0 - - - -
1l 16.8 8-9 8.3 32 0 - - - -
1 14.3 - - 23 1 11.5 - -
7 15.4 -11 8,1 27 10 9.9 11+ 7.5
5 15.7 3-6 8.3 32 0 - - - -
5 15.3 3-6 8.1 26 0 - - - -
2 15.4 3-7 8.2 33 0 - - - -
25 15.7 1-7 7.7 31 0 - - = -
24 '15.9 3-7 7.6 34 0 - - i -
14 15.6 3-10 7.6 30 1l 12.3 7-~8 7.5 - 27
18 15.7 6-9 7.3 30 1l 11.3 9 . 6.8 29
16 15.7 5-10 7.4 30 1l 13.3 5-6 7.2 30
11 14.6 9-11 7.7 26 2 11.8 8-13 7.4 18
1 16.3 5-7 - 36 1l 12.8 High - 7
0 - - - - 1 11.3 12 - 19
3 15.6 9 i.S 33 1 13.3 11 7.2 34
1 15.5 (Sweden) 7.4 27 1 12.5 (Rugen Is.) 8.3 22
1 16.3 -~ - 27 - - L - - -
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the 17 sources from the North German region, 3 sources from Upper
Neckar, 31 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 Luneburger Heide also grew rapidly. Most
sub-Alpine sources grew at an average rate. For instance, Schwarzwald
(Black Forest), long 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 characters some sources from Bavaria. Another
progeny from planted trees in Germany (Rigen 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 planted 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 50%
of the terminal buds were set in the first year). This correlation
suggests that about 68% (r2 = .68) of the sources with large heights
were those that formed their terminal buds late or vice versa -- about
69% of the slow-growing sources were those that set their terminal
buds early. 1In 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 1 shows 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 Finland and those from northern Poland and another 2-week dif-
ference between the northern and southern strains from Poland. One of
the sharpest contrasts in bud-setting date (3 to 4 weeks) was between
the high-elevation and the low-elevation strains from Austria and among
some sources from different elevations 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 region from lower elevations.
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The change of characters with increasing elevations may be clinal,
but this cannot be proven on the basis of present data (elevations
for many seedlots were expressed by broad ranges, permlttlng no pre—
cise correlation analy51s) ,

Seed welghts of dlfferent sources ranged from 6.5 to 9.1 g
per 1000 seeds. Table 1 indicates that seeds from northern Poland
(northern range) and from Rumania (southern range) were relatively
light. 1In contrast, all seedlots from Harz and Liuneburger Heide were
heavy. Apparently, this variation in seed weight was associated with
geography. Seedlots from high elevations in the Bavarian Forest were
also 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 from 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 well adjusted for
resistance to early frosts (early in northern regions and in the
mountains, later 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 progenies with inferior heights and the highest ratio 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 Luneburger Heide).

Norway spruce from the Baltic range (Sweden, Finland, Lithu-
ania, White Russia and northern Poland) grew either slowly or were
average but included no strains with outstanding heights. Also, no
rapidly growing strains came from southern Poland and Czechoslovakia.
Apparently, Norway spruce from eastern Europe was less outstanding in
Maryland than in some IUFRO plantings in more northern regions. High-
elevation sources of Norway spruce also were not promising for rapld
growth.
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SURVIVAL AND HEIGHT GROWTH OF RED SPRUCE
PROVENANCES IN THREE EXPERIMENTS IN ONTARIO

E.K. Morgenstern,
Department of Fisheries and Forestry,
Petawawa Forest Experiment Station, Chalk River, Ontario.

INTRODUCTION

Red spruce, Picea rubens Sarg., has received little attention
from forest geneticists until recently. Although its range and genetic
relationship to other spruce species are now much better known than 30
vears ago (Heimburger 1939, Wright 1955, Gordon 1957, Holst 1957,
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 Experiment Station initiated a provenance
study which was then probably the first for this species anywhere. Seed
and plant material from this investigation has been widely distributed
to establish provenance trials in eastern North America, and has also
been sent to Europe. Foresters who have supported it, either by
assisting with seed collections, or by planting experiments, will be
interested in the first results reported in this paper.

OBJECTIVES

The general objective of provenance studies with red spruce
is to locate populations of wide ecological amplitude which are superior
to native populations with regard to silvicultural characters. Of
special interest is the growth and hardiness of populations from the
southern Appalachian Mountains (Heimburger and Holst 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 represented by an average of 20 trees. The origin of the
12 provenances common to the three experiments in Ontario is given in
Table 1. Nursery sowings were made at the Petawawa and Acadia Forest
Experiment Stations in 1954 and 1955, and some Acadia seedlings were
shipped for transplanting to Petawawa in 1957. 1In 1959 the 14 prov-
enances at Petawawa were examined together with other material to test
hypotheses regarding introgressive hybridization between red spruce
and black spruce, Picea mariana (Mill.) BSP. Using needle color, bud
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Table 1. Origin of the 12 provenances common to the three experiments.

Seedlot No. Place of Origin Latitude Longitude Elevation

°N W 100 £t
2019 Indian Gap, N.C. ~ 35.6 83.5 53
2020 Glade Run, W. Va. -38.6 79.8 38
2021 Bear Meadows, Pa. 40.7 77.7 18
2022 October Mtn. State Forest,
Mass. 42.4 73.2 18
2024 Upper Jay, N.Y. 44 .4 73.7 20
2031 Andorra Forest, N.H. 43.1 72.1 17
2032 Valcartier For. Exp. Sta.,
Que. 46.9 71.5 9
2033 St. Charles de Mandeville, ,
Que. 46.5 75.3 7
2100 Sheet Harbour Waters, N.S. 45.2 62.7 2
2101 Corberrie, N.S. 44.2 65.9 2
2102 Great Salmon River, N.B. 45.4 65.4 2
2103 Acadia For. Exp. Sta., N.B. 46.0 66.3 2

color, 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 1967 growing season, when the trees were 13
years old from seed, total height and survival were recorded. Height
at Arbour's Field, Petawawa, was measured to the top of the 1966
leader because the trees in that experiment were one year older. Mea-
surements were made in 5-cm classes and plot means were calculated.

The measurements in each experiment were subjected to anal-
ysis of variance. Survival percentages were transformed by arcsin
(Snedecor 1956, p. 316) before analysis. A combined analysis of
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 1964).
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RESULTS ‘AND DISCUSSION

The general condition of the two Petawawa experiments was
characterized by slow initial growth, winter drying of the needles,
‘and considerable mortality and spring frost damage in some provenances,
particularly on the grassy site at Arbour's Field. The experiment at
Dorset suffered less from desiccation and frost, but was attacked
more severely by the white pine weevil, Pissodes strobi 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: Arbour's 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). o

The analysis of variance showed that differences among prov-
enances in survival percentages were not statistically significant at
the 5% level at two locations, but were significant at even the 1% 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 39-40% differed from
the Pennsylvania, Quebec and some New Brunswick and Nova Scotia prov-
enances with a survival of 64-72% (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-
location interaction.accounted for 79% of total variance, locations
for 21%, leaving 0 for provenances. )

Variation in total height was more pronounced than that of
survival. The analysis of variance indicated differences, significant
at the 1% or the 0.1% level, at each of the three locations. The
provenance-location interaction contributed 7%, provenances 36%, and
locations 57% of the total variance. The low variance component for
interaction expressed the fact, seen in Table 4, that there was a
very limited change in rank of the provenances at the three locations:
as a group, northern provenances from continental climates in Quebec
and New Brunswick were tallest; central provenances from New York and
New England and some northern Maritime provenances from New Brunswick
and Nova Scotia intermediate; and southern provenances, from North
Carolina and West Virginia, usually shortest. The multiple-range test
indicated that the differences among these groups were significant
at the 1% level in the two Petawawa locations; at Dorset the first and
the second group were not as clearly separated (Table 4). The Dorset
experiment, although growing best, was least efficient from the statis-
tical viewpoint as shown by its large standard error of a provenance
mean (Table 3).

The correlation analysis provided some indications of geo-
graphic and genetic relationships. Correlations with climatic
variables (length of the frost-free season and June-August precipit-
ation) at the place of seed origin were not significant and will not
be presented here. The best correlation of height in all three
experiments was with the hybrid index éstablished in the same prov-
enances at an earlier stage (Morgenstern and Farrar 1964) . Height was
also correlated with latitude and elevation but to a lesser degree.
Survival correlations were significant only in the experiment at
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Table 5. Correlation coefficients®™ in Exp. No. 95-G at Arbour's Field,
Petawawa Forest Experiment Station. :

Xy X, X, X, x5
Xy Height v 1.00 +0.72%% -0.82%* +0.59% ’—0.56
X, Survival 1.00 -0.57 | +0.68% -O.Sé**
X3 Hybrid index | 1.00 -0.62% +0.65%
X, Latitude , | 1.00 —0.92%%x*
~ X5 Elevation 1.00

tSignificance levels: *, 5%; **, 1%; ***, 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 1964) 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
1957, 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 regeneration 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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PARENT-PROGENY GROWTH CORRELATIONS
IN WHITE SPRUCE

Richard M. Jeffers,
Associate Plant Geneticist,
Institute of Forest Genetics,
North Central Forest Experiment Station,
U.S. Department of Agriculture, Forest Service,
Rhinelander, Wiscongin.

White spruce attains commercial size from the Yukon across
canada to Newfoundland and Nova Scotia and the northeastern United
States -- an area of uniformly severe winters. It is one of the most
economically important timber species in the boreal forest, Currently,
spruce (mostly white spruce) ranks fourth in pulpwood production in
the Lake States and the average annual production of spruce from 1961
through 1965 was 341 thousand cords. In 1967 the Wisconsin stand
nurseries alone contained nearly 11 million white spruce seedlings
and transplants. More than 4 million white spruce were planted in
1967 on six national forests in the Lake States.

Since white spruce is easily planted and grows on a variety
of soils, interest in the genetics of this species has been steadily
increasing. There is much phenotypic variability in this species in
terms of vigor, height growth, form, and branchiness, not only between
widely separated stands but also within and between stands within the
same region. White spruce may be readily hybridized with several
other spruce species. This species 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, heritability studies, on the other hand, have received little
attention until recently. Consequently, there is little published
information on inheritance in North American spruce species. Holst
and Teich (1966), working with ll-year-old white spruce progenies
from nine pairs of dominant trees from the Carnarvon - Algonquin Park -
Sundridge area, found that significant differences occur in height and
leader number both among progenies from different stands and among
progenies from individuals within the same stand. Within stands,
slender-crowned plus-tree types produced progenies 4% taller than those
from broad-crowned trees. They also reported narrow sense heritabil-
ities of: 85% for number of leaders, 75% for height, 57% for branch
length relative to leader length, and 0% for branch length. Holst and
Teich also determined heritability estimates for height and leader
number at age eight for progenies from 26 open-pollinated plus-trees
selected at random at the Petawawa Forest Experiment Station and found
these to be 87% and 68%, respectively.
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Cram and’ Lindquist (1961) reported that the height of 13-
vear-old open-pollinated progenies of 24 Colorado blue spruce
selections was closely related to the height of the same progenies at
age eight, with a correlation coefficient of 0.88.

King, Nienstaedt, and Macon (1965) demonstrated that white
spruce seedlinas selected on the basis of superior nursery performance
maintained their height growth advantage over average 2-2 nursery
stock after seven growing seasons in the field.

In order to more intensively test the heritability of im-
portant traits in white spruce, a comprehensive study was begun at
the Institute of Forest Cenctics at Rhinelander, Wisconsin, in 1965.
This report deals with parent-progeny arowth correlations.

MATERIAL AND METHODS

Thirty-two white spruce parents growing at various locations
in the Upper Peninsula of Michigan, northeastern Wisconsin, and north-
ern Minnesota were selected on the basis of vigor, height growth,
form, needle length, branchiness, or branch angle. While one indivi-
dual might have been selected for outstanding form, another might have
been selected for its short needles. Average yearly growth of the
female parents, determined by dividing the total height {(cm) by the
estimated total age of the parent at time of measurement, ranged from
20.6 to 40.1 centimeters. Open-pollinated seed collected from these
trees was sown in a randomized block design with four replications in
the Hugo Sauer State Nursery at Rhinelander, Wisconsin, in the fall
of 1963. As many as 120 seedlings 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 growth were measured on 10 seedlings per family in
each replication or a total of 40 seedlings per half-sib family
(Table 1). At time of measurement four families had insufficient
number of seedlings for measurement, so the number of half-sib families
was reduced to 28 (Fig. 1).

STATISTICAL ANALYSES AND RESULTS

An analysis of variance performed on the 1967 progeny growth
data for the 28 half-sib families showed that significant differences
occurred between families.

Analysis of variance - 1967 growth (cm) for 28
white spruce half-sib families at age four

Source of . Level of
variation D.F. M.S. F. Significance
Total 111
Replications 3 12.13 2.62 N.S.
Families 27 32.04 6.94 0.5%
Error 81 4.62
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Both mean progeny height at 4 years of age and mean 1967
progeny growth were significantly, positively correlated with parent
average yearly growth (r = .81 and .80, respectively) (Figs. 2 and 3).

Mean 1967 growth and mean height of the progenies, as might
be expected, were highly positively correlated with a correlation
coeifficient of 0.98.

The average total height of progenies from all trees within
a stand or from a single parent, when related to latitude of the stand.
or individual parent, resulted in a significant, negative, linear re-
gression (Fig. 4). 1In other words, the progenies of trees from the
southernmost latitudes were taller than the progenies of trees from
the northernmost latitudes.

The slowest growihg parent (692 8) from Marquette County,
Michigan, produced progeny qrowlnq at a yearly rate (1967) 36% less
than the average of all progenies. The two fastest growing parents
(1885 and 1887) from Menominee County, Wisconsin, on the other hand,
produced progenies exhlbltlng 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 feasibility of phenotypic selection
in white spruce.

When .the progenies from the 11 parents of similar age (36
to 42 years) are compared, those from the five fastest growing parents
are growing at a yearly rate (1967) of 21% better-than-average for
their age group. Because volume is a function of both height and dia-
meter and because height and diameter are closely correlated, a 20%
increase in total height would represent much more than a 20% increase
in merchantable volume if the yearly growth of the progenies from the
five fastest growing parents is maintained to rotation age.

Measurement of progeny growth rate at age four favors trees
exhlbltlnq early rapid growth. Later measurement of growth rate will
be necessary in order to determine changes in growth rates associated
with age. However, the data reported by King, Nienstaedt, and Macon
(1965) indicate that superior growth rates in white spruce are main-
tained at least for 7 years in the field. Therefore, considerable
cost in the selection of parent trees can be justified if only a frac-
tion of this increase is achieved.

In addition to following seed zone recommendations, the
nurseryman is well advised to choose trees exhibiting rapid ggowth
rate as well as other desirable characteristics. '

Similarly, the fastest growing, not necessarily the tallest
trees, should be left in stands being selectively logged.

A
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6 | |
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Figure 2. Female parent-progeny growth relationship in
white spruce; 28 selected open-pollinated

parents.
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Figure 3. Growth of female parent-progeny total height re-
gression; 28 selected open-pollinated parents.

219



‘opni1142p] pup savah p 3v ybroy 7v30% fq Aueboad fo u011p0]2a40)

‘5 eanbig

"‘No 3ANLHLVT
_ _ T _ 91
(ntise (€)169e g1
. (€)z69e (10889,
{¢)E89
(¥)989¢
-02
(2)L89e
(v)G6—2681e k44
(1)9252¢
(1)gesze
sa1jiwoy 4o ‘oN (¢) miZ4
(%1) 18— =
(%S) 820°%l = 4
X 2¥89°2-61'S¥L = ) (9)06—G881 e 9z

("wd) 1HDIFH 1Y10L ANIDONd

220



REFERENCES

Cram, W.H. and C.H. Lindquist. 1961. Summary 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.
Rural Develop. 22(5):6. :

King, J.P., H. Nienstaedt and J. Macon. 1965. Super-spruce seedlings

show continued superiority. U.S.D.A. Forest Serv. Res. Note
LS-66, 2 p. Lake States Forest Exp. Sta., St. Paul, Minn.

221



BLACK SPRUCE WOOD QUALITY
1. THE PREDICTION OF SPECIFIC-GRAVITY

A.J. Carmichael,
Research Branch,
Ontario Department of Lands and Forests,
Maple, Ont.

The prediction of specific gravity of the tree stem from
core samples has been reported by a number of authors (Einspahr,
van Buijtenen and Thode 1962; Fielding and Brown 1960; Wahlgren,
Hart and Maeglin 1966). There is general agreement that two radial
increment cores, taken at right angles from breast height, will
relate adequately to mean tree specific gravity.

In this study, discs were obtained from 120 trees, repre-
senting the six merchantable site classes in northern Ontario. One
disc was cut from the base of each .percentile bolt in the stem. Disc
specific gravity was weighted by the volume of the bolt and specific
gravity of the tree was calculated as the weighted average of the
bolt gravities. Diameter strips of 20 mm square cross section were
removed from three discs taken at the 15% height level. The diameter
strip was divided 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 from the pith outward, was averaged and
weighted by the disc area represented, to provide the weighted mean

specific gravity of the strip.

Calculation of the number of strips required to estimate
mean tree specific gravity was made using the eguation, No. Strips =
Sx2t2.05/(.05§)2, where Sx2 was_the mean variance of specific gravi-

ties over all core samples and y was the weighted mean tree specific
gravity. for all trees on one site.

Calculation of the number of trees required for an estimate
of the site average of mean tree specific gravity was made, using the
equation, No. Trees = Sy2t2.05/(.05§)2, where Sy2 was the mean vari-
ance of specific gravity over all trees on one site.

The mean and the variance of diametexr strip and whole tree
specific gravity is presented in Table 1. The number of diameter
strips required to predict tree mean specific gravity within 10%, and
the number of trees which must be sampled to obtain the site average
of mean tree specific gravity is listed in Table 2. Both of the lat-
ter estimates were calculated at the .05 level of accuracy.
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Table 2. Sample size for estimates of mean tree specific gravity.

No. Diam Strips No. Trees
Site 7 *5%,t.05) (7 X2.5%,¢.05)
S.I. 55 6 20
S.I. 50 4 8
S.C. 0 7 19
s.C. 1 6 - ‘ 20
s.C. 2 5 13
s.C. 3 3 6

A preliminary analysis of these data indicated that it
would be necessary to take at least three diameter strips from the
15% height level to estimate within 10% of the tree mean specific
gravity. There was no consistent relationship 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 gravity, and the use of one or two radial
strips would not be adequate.

Further sampling of the main sites is necessary, using
seven diameter strips per tree, and 20 trees per site, to verify
these relations 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 Scientist,
Ontario Research 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 features, 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 volume 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. BAnalyses were made for lignin, pentosan, and extractive
content. In 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. 1In all, 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 tests 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 though not unrelated parts. Firstly, patterns of
variation in the wood of a number of features are being examined with
a view to adding to our rather scanty knowledge of the basic structure
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of black spruce wood. 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 15th ring from the pith, fibers had already
obtained 80~90% of their mature cross-sectional dimensions and 60-
70% 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 40% in the ring nearest the pith to less than 20% 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 15th ring
and increased with ring age thereafter.

It would appear from these observations 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 20% 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 guality -- is that black
spruce is 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 manageable size, 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 eqguations 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 conclusions at this stage, particu-
larly as there are indications that some of the relationships are not
linear. Of the three strength criteria used only tensile strength
has been examined in any detail. 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 lignin content of the wood. Both these
variables accounted for about half 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) correlated 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 equations. Other variables which emerged in these
regressions as being significantly correlated with tensile strength
were various expressions of average fiber diameter (positive relation)
and frequency of medullary rays (negative relation) and specific
gravity (negative relation). The three~factor regressions accounted
for up to 86% of the variation in tensile strength, with some vari-
ables significant at beyond the 0.1% 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 will arise as to whether these features should
themselves be the object of attention in tree typification or breeding
studies or whether other features correlated with these should be
used because they are more easily measurable.
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SEED SOURCE AND GROWTH RATE EFFECTS
ON WOOD QUALITY IN NORWAY SPRUCE

G.R. Stairs,
Professor, Department of Forestiry,
University of Wisconsin, Madison, Wisconsin.

S. Adapa,

Graduate Research Associate, State University College of Forestiry,
Syraecuse University, Syracuse, New York.

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 eventually be resolved
from both biological and economic considerations.

In 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 gquality as a selection criterion. In so doing,
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 (Picea abies, L. Karst.) trees from a single plantation
of unknown seed source. The results obtained suggested that a 2X
(merchantable volume) growth 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
encouraging 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 significant differences among seed sources
with respect to wood quality. Significant provenance variation has
been reported by Burger (1941), Klem (1933, 1951, 1956, 1957), Parrot
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(1960), and Mergen and Simpson (personal communication). In contrast,
Knudsen (1958) and Gohre (1955) found no significant differences asso-
ciated with provenance. The relationship between annual ring width
and specific gravity is also somewhat ambiguous, but the published
evidence generally supports a negative correlation. Approximately 70%
of the articles reviewed by the authors reported a decrease in speci-
fic gravity with increasing ring width, while the remainder suggested
little 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 relation between annual ring width and fiber length is
less clear, but some reports have indicated an increased length with
faster growth rates. (For general reviews see Bisset 1949; Spurr
and Hyvarinen 1954; and Dinwoodie 1961).

The investigation herein reported evaluated specific gravity

and fiber length between fast- and slow-growing trees among selected
Norway spruce provenances.

MATERIAL AND METHODS

The study trees were sampled in a 25-year-old Norway spruce
plantation established 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 (Table 1). Wood samples obtained from 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 1-5 and rings 15-20 from the pith.

Specific gravity determinations were conducted by the max-
imum moisture method (Smith 1954), after removal of alcohol-benzene
soluble extractives in accordance with Tappi Standards of 1959.

Individual fibers were prepared by macerating wood samples
(1:1 glacial acetic acid and 20% hydrogen peroxide) for about 24 hours
at 60 C. The fibers were stained in basic 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 0.1 mm. : -

The significance of provenance age segment, growth rate, and

the interactions of these three variables were tested by an analysis
of variance; 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 non-significant between seed sources and the
variance analysis indicated no significant differences due to age level.
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Table 2. Analysis of variance for wood properties.

Tracheid Length Specific Gravity
Source of Variation daf F P F P
Provenance (A) 5 0.772 N.S. 0.543 N.S.
Growth rate (B) 1 5.594 N.S. 56.915 0.005
Age level (C) 1 85.571 0.005 2.223 N.S.
Interaction
AxB 5 0.713 N.S. 0.426 N.S.
AxC 5 0.027 N.S. N.S.
Bx<C 1 8.615 0.05 3.479 N.S.
Error 5

df - degrees of freedom; F - variance ratio; P - probability.

The effect of growth rate was highly significant, a negative correla-
tion of 0.867 was obtained between diameter and mean specific gravity.
Thus our data supported the generality of lower specific gravity with
faster growth-rates that seems predominant in observations made be-
tween widely divergent growth-rate-groups in this species. The lack
of significance in relation to age has been reported in other spruce
studies (Stairs et al. 1965; Hildebrandt 1954) and differs from the
generality found with many other conifers (Zobel 1961). 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 slight 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 higher 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 practical significance in large-scale forest plantings. The lack
of statistical significance may be related to the small size of the
sample and also to the sampling 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 require additional study, but the present
evidence strongly suggests that selection should be made for growth
rate in all instances, 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 care-
ful regard to homogeneity of variance and sampling techniques. Hartig
(1884) warned that differences in spruce wood quality claimed between
sites or silvicultural treatments might really reflect only ring
width variation or sampling position.

In the present study, the specific gravity of juvenile wood
was strongly correlated with mature wood (r = .95). Thus early eval-
uvation could have provided a reliable indicator of specific gravity
at a later age in the sample trees. o

The analysis of variance for means of fiber-length in-
dicated nonsignificance for provenance and growth rate variables, but
highly significant values for age effects. However, single tree
values showed a significant positive correlation between growth rate
and fiber length (r = 0.665 for both dbh and height; d4f = 58). There-
fore, it appeared that increased growth rate in Norway spruce caused
a slight but positive increase in fiber length. The gain in length
due to increasing growth rate is probably less than that obtainable in
the strict genetic sense, and is assumed 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 the biological validity of cambial age effect on
fiber length should not be disallowed due to this interaction.
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PRELIMINARY OBSERVATIONS ON
HYBRIDIZATION OF ROCKY MOUNTAIN SPRUCES

Gilbert H. Fechner,
Professor of Forest Genetics,
Colorado State University,

Fort Collins, Colorado.

Roger W. Clark,
Graduate Research Assistant,
University of Illinotis,
Urbana, Illinotis.

INTRODUCTION

Approximately one-half of the commercial sawtimber in Colo-
rado is Engelmann spruce (Picea engelmannii Parry)' (Anon. 1958). It
occurs in extensive subalpine stands that contribute to watershed
protection and to the production of construction lumber. Blue spruce
(Picea pungens Engelmann), or Colorado spruce, according to Kelsey
and Dayton (1942), is rarely harvested for its wood, but this species
withstands temperature extremes and drought, and several cultivated
varieties are valued for windbreaks and as ornamentals (Cram 1964;
Harlow and Harrar 1958; Wyman 1961).

, The biological relationship between Engelmann spruce and
blue spruce is not well understood. Some reports in the literature
allude to natural hybridization between these two species (Wright
1955), but this phenomenon 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 studies 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.

!The names of native and exotic tree species used in this paper are
according to Little (1953b) and Rehder (1940), respectively.

237



METHODS

During the spring of 1964, 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-, interspecies-, and self-pollinations ? were made
on 20 May 1964 and 16 June 1964, 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, were conducted in 4.5-inch square plastic germination
chambers on standard germination blotters. Each germination chamber
was randomly positioned on a benchtop where the temperature was main-
tained at 70 to 75 F (21 to 24 C). Water was supplied as needed to
keep the blotters moist, and two 100-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 July 1966), 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 1966 in order to compare germination results there
to those in the laboratory and to observe continued seedling develop-
ment.

RESULTS AND DISCUSSION

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 spruce, selfing was accomplished by enclosing nearby
male and female strobili in the same isolation bag; thus, the exact
date of pollination is unknown. For cross-pollinations, the nearby
male strobili were removed from the branchlets prior to bagging.
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(1-2%) 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 (49.6%), significantly
higher (1% level of probability) than the seed sets of the inter-
species- and self-pollinations, as determined by Scheffé&'s (1959)
S-method (Table 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), or some combination of these.
Not only did the blue spruce female parent fail to produce sound seed
- from Engelmann spruce pollen, it also failed to produce selfed pro-
geny, and the intraspecific pollinations yielded poor results. Only
wind pollination produced a significantly higher (1% level) seed set
than any of the other pollen treatments, but this was still low
(Table 1). 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, 1962) reported different degrees of self- and intra-specific
compatibility, ranging from apparently incompatible (no seed set) to
highly compatible (85 seeds per cone), in single years. He also
found (1962, 1964) that seed set varied from year-to-year on the same
trees, although some selections have shown self-incompatibility in
several successive seasons (Anon. 1966). Possibly some individual
trees are both self- and interspecies-incompatible, and the blue
spruce mother tree used in this study may be such an individual.

Though inconclusive due to tree-to-tree variation, the
cross-incompatibility found in this study on a blue spruce female and
the low cross-compatibility of the Engelmann spruce female agrees
with Richens (1945), who listed the cross P. engelmannii X P. pungens
but not the reciprocal. Furthermore, on sites in northern Colorado
where both species are sympatric, Engelmann spruce has preceded blue
spruce in phenological development by approximately 1 week during
3 years of observation. Thus, 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. glauca produced
an average seed set of 95.3 sound seeds per cone, significantly higher
than the results of the crosses with blue spruce pollen (1% level)
and the results of the selfings (5% level), as determined by Scheffé's
(1959) S-method. This relatively high compatibility agrees with the
findings of other investigators.3 Richens (1945) and Johnson (1939)
listed this interspecies cross, and Eklundh (1943) found that it was
easily accomplished, although no details were given. Wright (1955)
obtained an average seed set of 10 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, where actual germination percent of seeds from
Engelmann spruce x white spruce crosses declined considerably below
that of the seeds from Engelmann spruce intraspecific crosses.
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Table 1. Seed yields and seed set from blue spruce
and Engelmann spruce crossings, 1964.

Parental : : Developed** : Seed Sett
Combinations* : Basis : Seeds per Cone : per 100 Seeds
female x male : : : :

: bags : cones : mean : S.D.tt : mean : S.D.tt
————————————————————— number —--—----——-—m-—————-

Pi pun = 18 x

Pi pun-40 6 31 173 32.2 2.0 2.1
Pi pun-11 4 9 213 16.9 1.5 2.4
Self 4 15 153 75.9 0.0 -

Wind 4 27 211 50.1 10.5 4.6
Pi eng-9 9 23 229 35.4 0.0 -

Pi eng - 4 x

Pi eng-9 5 36 176 62.2 49.6 20.5
Self 5 15 148 18.5 11.2 25.4
Wind 4 29 157 20.9 29.2 5.9
Pi gla-3 3 19 181 13.4 52.7 7.4
Pi pun-18 5 69 121 44.4 1.0 0.7
Pi pun-Kirlin 7 67 163 21.7 2.0 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.

ftstandard 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 1964), and consistent
differences between chemical extracts from the heartwood of these
two taxons have not been found (Barton and Gardner 1957). 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 Picea glauca
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 1862,
1863). 1In 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
improvement.
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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 (1% 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 Scheffé's (1959) S-method. This may have been due
to variation between isolation bags within a pollen treatment, and
the standard deviation (Table 1) ranged from 7% of the treatment
average (Engelmann spruce x white spruce) to 50% (blue spruce selfing).
The number of developed seeds represented 94% 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-18) in which 84% of the total seeds developed.
Wright (1955), too, has reported high sets of cones and empty seeds
from all of his pollinations on white spruce. Orr-Ewing (1954) found
that after selfing Douglas-fir (Pseudotsuga tazifolia (Poir.) Britton)
= (Pseudotsuga menziesii (Mirbel) Franco), developmental processes
proceeded normally until after fertilization, when embryo collapse
occurred, resulting in empty or nearly empty seeds. The mechanism
which brings about development of cones with empty seeds in the spruces
is not known.

Initiation of germination

For a given germination chamber, the date following seeding
on which the first seed within that chamber showed an emerging radicle
was recorded. These data showed similarities in the time when germ-
ination began, among the following groups:

1. Intraspecific half sibs of the Engelmann spruce mother tree,
including pollinations 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-11, and wind.

3. Interspecies half sibs of the Engelmann spruce mother tree,
including pollinations by Pi pun-18 and Pi pun-Kirlin.

Figure 1 shows extensive overlap among all three groups in the date of
germination initiation of seeds in different chambers. However, when
the mean day of initial germination was computed, it was found to be
9.17 days for the Engelmann spruce half sibs and 12.94 days for the
blue spruce half sibs. The mean day of initial germination for the
putative hybrid half sibs was 11.09 days, or very nearly the simple
arithmetic mean between the dates of the two parental half sib groups
(11.06 days). The 95% 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
parental progenies differed from each other in this respect. Thus,
this germination characteristic behaved as a gquantitative trait in a
first-generation hybrid.
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Germination trend

The germination trends displayed by the distribution patterns
of total germination in Figure 2 suggest no outstanding differences
among the three progeny groups named above. The measure of germination
trend used for statistical analysis was computed as the weighted mean
day of germination for each progeny group from blotter test data.Y
These means and their 95% confidence intervals were 10.47 * 0.18 days,
11.40 ¢+ 0.99 days, and 13.00 * 0.53 days, respectively for the En-
gelmann spruce, putative hybrid, and blue spruce progenies. The mean
day of germination of the putative hybrid did not differ significantly
from that of the Engelmann spruce female parent, but that of the blue
spruce was significantly larger than the other two. These results
- suggest that maternal influence may be operative in controlling germ—
ination trend. However, the failure of overlap of only 0.08 days in
the confidence limits of the putative hybrid and the blue spruce pro-
genies suggests that further data could indicate intermediacy for this
germination characteristic.

Cotyledon number

The mean cotyledon number of the putative hybrid seedlings
(5.4 ¢+ 0.34) did not differ significantly from that of the female
parental Engelmann spruce seedlings (5.8 * 0.14). However, the blue
spruce intraspecific progeny had significantly more cotyledons (7.2
* 0.30) than either of the other two progeny groups. A similar
suggestion of maternal influence on cotyledon number .was observed by
Fowler (1966). He noted that the cotyledon number of hybrid progeny
from a cross between Picea schrenkiana Fisch and Meyer and P. glauca
did not differ significantly from that of female parental progeny of
open—- and self-pollinations. The differences in distribution of coty~
ledon number in Figure 3 show that the range among the putative hybrid
seedlings is the narrowest, while that of the blue spruce seedlings is
the 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 hypocotyls. On the other hand, all of the Engelmann
spruce, as well as the Engelmann spruce x blue spruce putative hybrid
progenies, had green hypocotyls. Bates (1925) long ago considered the
green hypocotyl color as a key characteristic for identification of
Engelmann spruce seedlings, and from the results of this study, one is
tempted to infer that hypocotyl color is influenced by the maternal
parent. However, Fowler (1966) observed that the red hypocotyl color
of hybrid seedlings between P. schrenkiana and P. glauca resembled that
of the male parental progeny at 6 weeks. After 8-10 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. Thus, the
nature of genetic control of hypocotyl color is not clear.

“No Engelmann spruce x blue spruce hybrid seedlings were obtained in
the nursery seedbed, suggesting some hybrid inviability.
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Hybrid abnormalities

Of a total of 19 putative hybrid seedlings obtained from the
interspecies crosses between Engelmann spruce and blue spruce, four
germinated normally but ceased development shortly after emergence of
the radicle. Four others displayed abnormal germinations in which 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 Illies (1952)
among wind-pollinated progenies of Norway .spruce (Picea abies
(Linnaeus) Karsten). 1In those few seedlings which continued to grow,
. a branched hypocotyl developed with a rudimentary set of cotyledons
terminating both branches. Growth in these instances proceeded with
the radicle tip remalnlng inside the split seed coat. These abnor-
malities occurred in interspecies crosses only when blue spruce was
the pollen parent (all 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. D1etr1ch
based on germination chamber and seedbed observations:

1. Interspec1es compatibility between Engelmann spruce and blue
spruce is low. 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 will 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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6. Cotyledon number of the interspecies putative hybrid seedlings
did not differ significantly from that of the female parental
Engelmann spruce seedlings, suggesting maternal influence.

7. 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.

8. 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 low interspecies com-
patibility, few natural hybrids between the southern Rocky
Mountain spruce species would be expected.

REFERENCES

Anon. 1958. Timber resources for America's future. U.S. Dep. Agr.

Forest Serv., Forest Resource Report No. 14. Washington, D.C.
713 pp., illus.

Anon. 1966. Summary report for the tree nursery. Can. Dep. Agr.,

Indian Head, Sask. 35 pp.

Barton, George M. and J.A.F. Gardner. 1957. A comparison of the

heartwood extractives of Picea glauca and Picea engelmannt.
Forest. Chron. 33(2):136-138.

Bates, Carlos G. 1925. A key to the identification of some coni-

ferous seedlings. J. Forest. 23(3):278-281.

Cram, W.H. 1960. Shelterbelt tree breeding. 1958-59 biennial pro-

gress report. Forest Nursery Station, Indian Head, Sask. 5 pp.

Cram, W.H. 1962. Shelterbelt tree breeding. 1960-61 biennial pro-

gress report. Forest Nursery Station, Indian Head, Sask. 1l pp.

Cram, W.H. 1964. Shelterbelt tree breeding. 1962-63 biennial pro-

gress report. Proc., Comm. Forest Tree Breeding Can. 9:9-21.

Eklundh, C. 1943. Artkorsningar inom sl. Abies, Pseudotsuga, Picea,

Larix, Pinus, och Chamaecyparis, tillhorande fam. Pinaceae.
(Species crosses within the genera Abies, Pseudotsuga, Picea,
Larixz, Pinus, and Chamaecyparis, belonging to the family Pina-
ceae). Svensk Papp Tidn. 46:55-61, 101-105, 130-133. 1In Forest.
Abstr. 5(1):95-96.

Engelmann, G. 1862. Supplements to the enumeration of plants of Dr.

-Parry's collection in the Rocky Mountains. Amer. J. Sci. Arts
Second Ser. 34:330-341.

245



Fowler, D.P. 1966. A new spruce hybrid - Picea schrenkiana x P.

alauca. Proceedings, Lake States Forest Tree Improvement Con-
ference 7:44-47. (North Central Forest Exper. Sta. Res. Pap.
NC-6) .

Harlow, William M. and Ellwood S. Harrar. 1958. Textbook of Dendrol-
ogy. McGraw-Hill Book Company, Inc., New York. 561 pp.

Illies, Z2.M. 1952, Keimlingsabnornitaten bei Picea abies (L.) Karst.
Zeitschrift fur Forstgenetik und Forstpflanzenzuchtung 2(2):
28-32.

Johnson, L.P.V. 1939. A descriptive list of natural and artificial
hybrids in North American forest-tree genera. Can. J. Res. 17C
(12) :411-444.

Kelsey, Harlan P. and William A. Dayton. 1942. Standardized plant

names. J. Horace McFarland Company. Harrisburg,Pennsylvania.
675 pp.

Langner, W. 1959. Selbstfertilitat und Inzucht bei Picea Omorika
(Pancic) Purkyne. Silvae Genet. 8:84-93.

Little, Elbert L., Jr. 1953a. A natural hybrid spruce in Alaska.
J. Forest. 51(10):745-747.

Little, Elbert L., Jr. 1953b. Checklist of native and naturalized
trees of the United States (including Alaska). U.S. Dep. Agr.
Agri. Handbook No. 41. Washington, D.C. 472 pp.

Orr-Ewing, A.L. 1954. Inbreeding experiments with the Douglas-fir.
Forest. Chron. 30(1):7-16.

Panshin, A.J. and Carl de Zeeuw. 1964. Textbook of wood technology.
Vol. I. McGraw-Hill Book Company, Inc. New York. 643 pp.,

. illus.

Parry, C.C. 1862. Physiographical sketch of that portion of the
Rocky Mountain range, at the head waters of South Clear Creek,
"east of Middle Park: with an enumeration of the plants collected
in this district, in the summer months of 1861. Amer. J. Sci.
Arts Second Ser. 33:231-237.

vParry, C.C. 1863. Ascent of Pike's Peak, July 1lst, 1862, Acad.
Sci. St. Louis, Transactions 2:120-125.

Rehder, Alfred. 1940. Manual of cultivated trees and shrubs hardy
in North America. The MacMillan Company. New York. 996 pp.

Richens, R.H. 1945. Forest tree breeding and genetics. Imperial
Agricultural Bureaux. Joint Publication No. 8. Imperial Bureau
of Plant Breeding and Genetics, Cambridge, England. 79 pp.

Scheffé, Henry. 1959. The analysis of variance. John Wiley and
Sons, Inc., New York. 477 pp.

246



Taylor, T.M.C. 1959. The taxonomic relationship between Picea glauca
(Moench) Voss and P. engelmannii Parry. Madrono 16:111-115.

Wright, Jonathan W. 1955. Species crossability in spruCe in relation
to distribution and taxonomy. Forest Sci. 1(4):319-349.

Wyman, Donald. 1961, Spruces popular despite limitations. Amer,
Nurseryman 114(9):12-13, 106-111.

247



INTROGRESSIVE HYBRIDIZATION IN THE SPRUCE SPECIES
’ OF BRITISH COLUMBIA

, L. Roche,
Regearch Scientist, Forestry Branch,
Department of Fisheries and Forestry,
Sillery, P.Q.

INTRODUCTION

There are four spruces in British Columbia which form a
complex of sympatric and allopatric populations with a province wide
distribution. These are Sitka spruce (Picea sitchensis (Bong.)

Carr.), black spruce (P. mariana (Mill.) BSP.), white spruce (P.

glauca (Moench) Voss ssp. glauca), and Engelmann spruce (P. glauca
(Moench) Voss ssp. engelmannii (Parry) Taylor). The taxonomic liter-
ature also recognizes the occurrence of two other varieties of white
spruce in British Columbia, e.g. Porsild spruce (P. glauca (Moench)
Voss var. porsildii Raup), and western white spruce (P. glauca (Moench)
Voss var. albertiana (S. Brown) Sarg.).

The distribution of the components of this great spruce com-
plex is known only in very general terms, and there are no detailed
distributional maps available for British Columbia other than those.
published by Whitford and Craig in 1918. o

‘The present study is divided into two parts, .one of which
refers to physiological variation in immature spruce populations, and
the other to morphological variation in mature populations. The
genecological and silvicultural implications of the results will be
reported elsewhere. This paper, therefore, is concerned principally
with the results of the study which relate to natural hybridization of
spruce in British Columbia. '

MATERIALS AND METHODS

Physiological Variation in Juvenile Populations

One hundred and fifty spruce provenances were sown in a
specially prepared soil mix (Baker 1957) at the Cowichan Lake 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 represents the
bulked seed of a varying number of trees collected and registered
under the supervision of professional personnel of the British Columbia
Forest Service. Fig. 1 and Table 1 give details of the geographic
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Figure 1,

Relationship between the degree of dormancy at the Cowichan
nursery on July 14 and altitude at place of origin of each
provenance. - High elevation provenances go dormant first,
then provenances at lower elevation followed by those from
areas of coastal influence, that is, the Nass and Skeena

river basins. The correlation coefficient between degree
or dormancy and altitude is 0.886.
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Table 1. Geographic origin of 150 spruce provenances (seed collections)
arranged in order of increasing elevation.

T na tens  BeY i P tac o Daey
1 53 40 132 20 0.1 33 54 06 122 03 .
2 52 22 126 45 0.1 34 54 06 127 25 2.0
3 50 03 127 03 0.1 35 55 40 122 12 2.0
4 55 05 129 25 0.1 36 54 56 127 25 2.0
5 54 03 128 39 0.1 37 54 56 127 25 2.0
6 49 08 125 25 0.2 38 54 56 127 25 2.0
7 48 50 124 45 0.3 39 54 56 127 25 2.0
8 53 05 132 05 0.3 40 54 56 127 25 2.0
9 53 30 132 15 0.4 41 54 00 122 00

10 53 06 132 03 0.4 42 54 11 122 07 2.0
11 50 32 127 15 0.6 43 54 11 122 07

12 55 05 129 20 0.7 44 54 05 - 121 53 2.0
13 54 40 128 45 0.7 45 54 06 122 03 2.0
14 54 45 128 45 0.8 46 54 56 127 25 2.0
15 51 11 125 34 0.9 47 54 05 122. 03 2.1
16 55 08 127 24 1.0 A8 54 15 = 122 20 2.2
17 55 18 127 42 1.1 ,49 54 15 122 20 2.2
18 55 28 127 42 1.2 50 54 10 122 15 2.2
19 55 17 127 24 1.2 51 55 18 127 19 2.2
20 51 37 119 50 1.4 - 52 54 05 122 03 2.2
21 51 35 119 51 1.4 53 54 10 122 10 2.2
22 54 54 127 15 1.5 , 54 54 00 122 00 2.2
23 55 36 127 50 1.5 55 54 Q0 122 00 2.2
24 55 36 127 50 1.5 56 . 54 30 124 00 2.2
25 53 25 122 40 1.7 57 54 30 122 40 2.2
26 55 28 127 50 1.7 58 .52 20 121 40 2.2
27 54 48 127 00 1.9 59 52 25 121 25 2.2
28 54 45 127 00 1.9 60 .54 07 122 50 5.2
29 54 10 122 15 1.9 61 56 30 121 06 2.3
30 54 10 122 10 1.9 62 54 20 122 40

31, 54 14 127 22 2.0 63 55 20 126 38

32 55 30 121 35 2.0 64 54 17 122 37 2.3
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Table 1 (continued)

R
. . PR .
65 54 05 122 05 2.3 98 49 07 120 53 .0
66 54 05 122 05 2.3 99 50 38 118 00 4.0
67 55 02 126 30 2.3 100 51 14 120 15 .0
68 54 40 127 15 2. 101 49 55 118 35 .0
69 54 15 122 15 2 102 49 10 120 35 .0
70 54 10 123 10 2. 103 49 55 120 35 4.
71 54 38 127 12 2. 104 49 55 119 46 4.
72 54 22 122 30 2.6 105 50 15 - 117 50 4.
73 54 05 127 15 2.6 106 49 00 116 40 4.
74 54 53 126 44 2.7 107 50 40 119 35 4.
75 54 07 125 25 .7 108 51 44 120 05 4.
76 57 10 121 50 .7 109 50 39 117 32 .
77 55 36 127 50 .7 110 49 20 117 15 .
78 54 27 126 54 .7 111 50 42 119 30 .2
79 54 00 121 30 2.7 112 50 52 119 50 4.2
80 54 15 121 55 2. 113 49 03 116 58 .3
81 54 04 121 27 2. 114 51 08 117 05 .3
82 54 21 125 26 2.9 115 51 07 118 15 .3.
83 55 05 127 20 2.9 116 49 29 117 14 .4
84 53 40 122 25 3.0 117 49 05 115 47 .
85 54 08 127 09 3.0 118 49 55 114 46
86 ' 3.0 119 50 32 115 55 .
87 50 10 118 00 3.1 120 50 25 118 02 4.5
88 55 00 127 00 3.2 121 49 49 116 16 4.5
89 54 06 127 25 3.3 122 49 55 114 45 4.
90 53 20 122 10 3.4 123 50 51 119 52 4.
91 51 42 120 10 124 51 40 120 10 4,
92 49 04 120 45 . 125 49 05 116 45 4.6
93 52 12 119 15 . 126 '50 08 115 26 4.6
94 51 10 120 15 3.8 127 49 22 114 35 4.6
95 49 00 116 45 128 51 46 120 10
96 49 35 115 59 3. 129 51 00 119 52 4.
97 50 00 118 00 3. 130 50 07 119 42 4.
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Table 1 (continued)

Y et omons  Her IR TRV s oz HET R
s s s o
131 50 04 119 41 4.7 141 50 15 115 45 5.0
132 51 07 117 15 4.7 142 50 29 119 45 5.1
133 49 10 116 08 4.7 143 49 26 116 08 5.1
134 49 15 116 14 4.8 144 49 55 114 44 5.1
135 50 34 119 29 4.9 145 49 20 116 08 5.3
136 49 55 114 55 . 4.9 146 49 15 117 45 .
137 49 45 117 00 4.9 147 49 18 116 00 5.5
138 49 46 115 24 5.0 148 50 01 119 42 5.5
139 50 05 117 45 5.0 149 49 06 114 40 5.6
140 49 03 114 40 5.0 150 49 35 117 48 5.7

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.

Morphological Variation in Mature Populations

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. 2). 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 (Fig. 3).

All data were subjected to statistical analysis, and, to
clarify the complex pattern of variation in cone scale morphology in
sympatric zones, recourse was made to extensive graphing of cone scale
data. A modified form of the "line of shape" method developed by
Jentys-Szaferowa (1959) was used, and is explained below.

From the total number of trees sampled, 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 was
sampled it was necessary to select individuals known to be pure black
spruce trees from different sympatric zones of white and black spruce.
These trees, representing the pure form of each of the four spruces
occurring in British 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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1964 collection.

254



Table 2.

Geographic origin of 157 spruce cone samples arranged in
order of increasing elevation.

LTI e wens  DhPER SRS nae weng BE0
1 54 14 128 32 33 54 06 122 23
2 54 15 129 27 . 34 59 58 128 9
3 54 15 129 48 35 53 40 120 25
4 54 13 130 16 36 55 37 122 00
5 54 15 130 8 37 51 10 120 05 .
6 55 10 129 15 . 38 52 21 122 20 .
7 55 2 129 33 39 53 00 122 30
8 54 35 128 23 40 54 50 127 15
9 55 3 129 30 41 54 32 125 45
10 54 37 128 42 42 54 .39 122 43 .
11 54 57 128 23 43 54 6 122 4 .
12 55 16 129 02 44 54 1 124 6
13 55 2 128 16 . 45 54 18 122 37 .
14 55 7 127 46 46 54 00 122 30
15 55 23 128 53 47 53 49 122 47 .
16 55 12 127 41 . 48 53 67 122 42
17 55 23 127 36 49 54 18 122 36
18 51 50 120 03 50 58 14 130 38 .
19 57 55 131 11 51 49 17 117 13 .
20 55 28 128 47 . 52 54 20 122 37
21 51 35 119 53 53 54 26 124 21
22 58 37 122 41 .6 54 55 3 126 30 .
23 58 12 122 44 55 53 45 122 52
24 59 39 126 53 56 55 21 122 36
25, 51 08 120 02 57 54 13 125 39
26 52 46 122 26 58 54 44 127 11 .
27 54 50 127 14 59 53 40 122 25
28 54 45 127 08 60 53 45 122 30
29 52 55 122 27 61 53 41 122 55
) 30 51 50 120 03 . 62 49 02 117 10 .5
31 54 06 122 04 63 49 14 121 06 .
- 32 54 02 121 40 - 64 54 03 124 42 .5
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Table 2 (continued)

Sample

Elev in

No. Lat Long ?égg %2 Saﬁg}e Lat Long 1000 ft
65 51 50 120 03 98 50 42 120 23 .6
66 52 12 122 06 99 53 18 122 08

67 53 54 123 26 . 100 50 55 120 25

68 53 40 122 25 101 49 04 120 50 .
69 53 45 122 15 .7 102 51 03 119 53

70 55 45 120 38 .8 103 51 21 116 34 ]
71 51 05 120 00 .8 104 57 17 122 45 .
72 49 07 118 35 105 50 55 120 25

73 54 44 127 12 2.8 106 53 40 122 25 3.9
74 54 29 126 15 .8 107 49 33 116 27 3.9
75 59 48 129 08 108 50 52 119 50

76 54 45 127 02 109 49 06 120 50

77 51 50 120 03 2.9 110 54 47 127 17 .
78 53 40 122 25 2.9 111 51 50 120 03 )
79 54 07 121 44 112 50 44 119 27 4.
80 51 04 119 56 3. 113 49 03 120 51 4.0
81 56 25 121 09 3 114 50 42 120 23 4.0
82 54 44 127 16 . 115 50 48 116 00 4.
83 54 27 126 45 116 49 6 116 54 4.
84 56 44 121 55 .2 117 50 08 118 34

85 53 40 122 25 .2 118 50 55 120 25 4.
86 59 16 129 37 . 119 54 47 127 17 .
87 54 45 127 17 .2 120 53 04 121 31 4.
88 58 44 124 55 3.3 121 51 02 115 58 4.
89 50 54 119 49 .3 122 50 55 120 25 4.3
90 50 55 120 25 .3 123 49 6 116 56

91 49 11 120 36 3.3 124 50 50 119 50 4.3
92 50 00 120 36 ) 125 50 42 120 24

93 54 56 126 34 3.4 126 51 33 119 44 4.
94 51 30 117 18 127 49 44 117 09 4
95 53 40 122 25 .5 128 49 44 115 31 4.5
96 50 55 120 25 3. 129 50 39 116 00 4.5
97 54 46 127 17 3. 130 51 50 120 03 .

256



Table 2 {(continnod)

Elev in

Sample Elev in Sample
No. Lat Long 000 ft No. Lat Long 1900 £t
° [} o ' o ] ° ]
131 49 03 117 00 4.6 145 49 6 117 58 .9
132 49 47 115 27 4.6 146 49 17 115 58 .9
133 51 00 119 50 4.6 147 49 24 116 10 .1
134 49 44 117 09 4.7 148 49 03 117 00 .1
135 51 50 120 03 4.7 149 49 06 116 58 .1
136 50 46 119 33 4.7 150 50 05 119 40 .1
137 50 55 120 25 4.7 151 50 47 119 52 5.2
138 49 12 118 00 4.7 152 49 07 116 54 .
139 50 33 119 30 4.7 153 49 6 117 1 5.4
140 50 59 119 33 4.7 154 51 12 116 05 .
141 50 48 119 52 4.8 155 49 20 116 06 .
142 49 5 120 46 4.8 156 49 15 117 22 .
143 S0 42 120 25 4.8 157 49 29 116 08 6.7
144 51 50 120 03 4.9
Table 3. Measurements of growth made on 150 spruce provenances, and
measurements of factors of the environment at their place
of origin.
Measurements Code
1 Jatitude..civeeecereccccscsccacas ceccsossevoas L
2 Altitude.....ccc.vn cessscnccccens ceeceanene .o A
3 Index of the vegetative period.....c.ceseceess - D
4 Shoot length in first year.......ccecececcecee sLl
5 Root collar diameter in first year..... eeacsen RC1
6 Dry weight in first year............ sedrscncns Dwl
7 Shoot length in second year....ecvecececesccccse sL2
8 Root collar diameter in second year...eceeeece. RC2
9 Dry weight in second year......eeeccese cecocesse DW2
10 Percentage dormant on June 30...ec0vnvccccccns DJ30
11 Percentage dormant on July 7........ cecesvrenn DJY?7
12 Percentage dormant on July l4......ccccveccnes DJY14
13 Percentage dormant on July 2l.i.cceccccecescese DJY21
14 Percentage dormant on July 28..¢.0.000.-. cecee DJY28
15 Percentage dormant on August 4............. e DA4
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Figure 3. Diagrammatic represéntation.of spruce gcale and bract
showing five basic measurements. The five derived mea-
surements are L1/L2, L1/L3, Ll/wlJ L1/W2, and L1/L2 X Lg.

The order of occurrence of these 10 measurements in
all subsequent figures and tables is as follows:

1 2 3 4 &5 6 7 8 9 10
L1 LZ LS W1 W2 Ll/LZ Ll /L3 LJ/WZ LI/WZ LJ/LZ vX L3'

The mean measurements were used to derive characteristic
'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 white spruce (standard) is represented by a straight
line with the value of 1. The angular line represents Sitka spruce
plotted in relation to white spruce for each of the five measurements
and five derivatives of cone scale morphology (Fig. 3). -Similar
comparisons are illustrated for other species combinations in Fig.
4-2, -3, -4, and Fig. 5.

When a cone scale sample is from a sympatric zone, 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 line of shape of
the unknown sample to form a straight line. Conversely, when the
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Table 4. Cone scale morphology of black, white,
Engelmann and Sitka spruce.
8 ] L1 L2 L3 Wl W2 Ll/L2 Ll/L3 Ll/W1 Ll/W2 Ll/LZ X L3
o, .
‘0
138-3 1.02 0.82 0.32 0.86 0.76 1.24 3.27 1.19 1.36 0.39
143-3 1.09 0.82 0.30 0.93 0.75 1.33 3.67 1.19 1.46 0.40
5 141-1 0.84 0.68 0.22 0.68 0.60 1.24 3.81 1.25 1.41 0.28
E 145-5 1.13 0.83 0.31 0.97 0.80 1,37 3.80 1.17 1.46 0.42
146-4 1.12 0.79 0.24 1.00 0.81 1.43 4.76 1l.12 1.40 0.35
X 1.04 0.79 0.28 0.89 0.74 1.32 3.86 1.18 1.42 0.37
64-1 1.16 0.99 0.45 0.91 0.82 1.18 2.63 1.29 1l.42 0.53
65-1 1.16 0.99 0.43 0.89 0.79 1.18 2.78 1.32 1.48 0.51
E 70-1 1.17 1.01 0.46 0.93 0.82 1.17 2.60 1.27 1.44 0.54
E 7i—l’1.ll 0.98 0.45 0.84 0.77 1.14 2.52 1.33 1.45 0.51
72-1 1.20 1.00 0.42 1.05 0.92 1.20 2.96 1.14 1.32 0.50
x 1.16 0.99 0.44 0.92 0.82 1.17 2.70 1.27 1;42 0.52
93-1 1.21 0.86 0.59 0.92 0.67 1.41 2.09 1.32 1.92 0.82
- 95-1 1.32 1.00 0.54 0.88 0.62 1.32 2.49 1.49 2.16 0.72
E 99-1 1.51 1.15 0.64 0.97 0.59 1.32 2.37 1.56 2.60 0.84
g 116-1 1.25 0;92 0.54 0.88 0.61 1.37 2.35 1.44 2.12 0.74
M 118-1 1.34 0.99 0.59 0.83 0.57 1.35 2.28 1.61 2.39 0.80
x 1.33 1.00 0.58 0.90 0.61 1.35 2.32 1.48 2.24 0.78
119-1 1.22 1.00 0.82 0.62 0.52 1.23 1.51 1.97 2.35 1.00
120-1 1.48 1.06 0.87 0.76 0.51 1.40 1.73 1.97 2.97 1.21
g 125-1 1.25 0.90 0.73 0.80 0.57 1.41 1.74 1.58 2.23 1.02
E 128-1 1.62 1.11 0.98 0.89 0.52 1.46 1.66 1.83 3.15 1.43
129-1 1.57 1.14 0.83 0.71 0.50 1.38 1.92 2.21 3.16 1.14
X 1.43 1.04 0.85 0.76 0.52 1.38 1.71 1.91 2.77 1.16

S - cone sample, L1,
trated in Fig.

3.

1.2, etc., represent the measurements illus-
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Figure 4. Characteristic curves obtained when cone scale morphology
of populatiohs from allopatric zones of white, Engelmann
and Sitka spruce is compared by line of shape method.

The numbers 1 to 10 on the vertical bars represent the 10 cone scale
measurements illustrated in Fig. 3. The numbers on the horizontal
bars are the ratios of these measurements of one species to the other
(see column 3, Table 5).

S - Sitka spruce, W - white spruce, E - Engelmann spruce.
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Figure 5. Characteristic curves obtained when cone scale morphology -
of populations from allopatric zones of white and Engel-
mann spruce is compared by line of shape method. The black
spruce sample is not from an allopatric zone.

The numbers 1 to 10 on the vertical bars represent the 10 cone scale
measurements illustrated in Fig. 3. The numbers on the horizontal
bars are the ratios of these measurements of one species to the other
(see column 3, Table 5).

S - Sitka spruce, W - white spruce, E - Engelmann spruce.
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Table 5. Comparison of means of cone scale morphology
of white and Sitka spruce.

Measurement* White Siika SitkaiWhite
L, 1.16 1.43 1.23
L2 | 0.99 1.04 ' 1.05
L3 0.44 0.85 1.93
Wy ~0.92 0.76 0.83
W2 0.82 0.52 0.63
Ll/Lz 1.17 1.38 1.18
L,/Ly 2.70 ' 1.71 0.63
Ll/wl 1.27 1.91 1.50
Ll/Wz 1.42 2.77 1.85
L,/L,/% Ly | 0.52 1.16 2.2
*Ll, L2 etc. represent the measurements illustrated iﬁ Fig. 3.

standard and unknown samples are quite dissimilar, the line of shape
of the unknown sample deviates markedly from a straight line. There-
fore, by a visual assessment of the line of shape of a sample from a
sympatric zone it is possible to determine the extent to which the
unknown sample represents a known standard sample, and to assess the
degree of putative hybridization occurring in the sympatric zone.

RESULTS

In general the pattern of variation in juvenile populations
at Cowichan, and the pattern of variation in mature populations as
assessed from cone scale morphology are mutually corroborative. Both
indicate the importance of environmental factors associated with
altitude in regard to selection and adaptation in the white-Engelmann
complex (Figs. 1, 6 and 7 and Table 6). In the white-Sitka complex
both studies indicate the extent and effect of the penetration of
Sitka spruce genes into white spruce populations (Figs. 1, 2 and 8)
in northwestern 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).
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1963 collection in the white-Engelmann spruce
complex.
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DISCUSSTON AND CONCLUSIONS

It is clear from the results that geographic variation in
the white-Engelmann spruce complex is habitat-correlated. The assump-
tion is warranted, therefore, that this variation is genetically based
(Heslop-Harrison 1964 p. 217). The selection pressures associated
with altitude will, as a rule, vary progressively and consequently it
is to be expected that the transition from pure white spruce, through
the hybrid swarms to pure Engelmann will be progressive. This situa-
tion is clearly shown by the pattern of variation in cone scale
morphology along a single altitudinal transect at Stone Creek, south
of Prince George, illustrated in Fig. 7, and thke high correlation
. between time of entering dormancy and altitude (Fig. 1, Table 6).

The survival value of a particular growth rhythm in a given
population is obvious; what is not so obvious is the extent to which
variation in cone scale morphology per se confers a survival advantage
on spruce populations. The characteristic shape of the scale of high
and low elevation populations in the white-Engelmann spruce complex,
for example, may have a direct effect in facilitating pollination at
varying elevations; 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 variation 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
local 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 a high correlation between times of entering dormancy and.
total growth (Table 6) these provenances were considerably taller than
provenances from high elevations which entered dormancy at an earlier
date. For example, provenance 20 (Table 1), which is from Birch
Island 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 (Fig. 1, Table 6) the growth behavior of the
Birch Island provenance, and similar provenances from the white-
Engelmann complex, is explained in terms of the environment at their
place of origin rather than in terms of heterosis resulting from
hybridization. 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. 55°00'N, ca. 127°30'W, elev. 2000 ft.) north of
Smithers, and from the region of Hazelton, entered dormancy much later
than provenances from further east, e.g. Fort Babine (ca. 55°20'N, ca.
126°28'W, 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 above when grown in a uniform environment. It seems clear
that there is a broad sympatric zone of white and Sitka spruce in
northwestern British Columbia, and that Sitka spruce genes appear to
have penetrated along the valley bottoms as far east as Hazelton and
Smithers, and southeast into the valley of the Morice River (Figs. 1,
2, and 7). As will be seen from Fig. 8 there is every gradation in
cone scale morphology from that of pure Sitka (sample 131) to that af
pure white (sample 84). There is, therefore, considerable evidence
. that introgressive hybridization is occurring in this area.

It is suggested, therefore, that the variability in cone
scale morphology in northwestern British Columbia is the result of
introgressive hybridization between white and Sitka spruce in this
region. Subsequent selection and adaptation gives a pattern of

variation which varies parallel with the progressive change in envir-
onment.

In the boreal forest region along the Alaska Highway north
of latitude 57°00', white spruce is typically associated with black
spruce on muskeg over a very large area. Consequently it is not
exceptional that intermediate forms of black and white spruce are
represented in these samples (Fig. 9), and, although the evidence is
not conclusive, it is possible that introgressive hybridization is
occurring between these species. In the field it is frequently im-
possible in many areas north of latitude 56°00' to distinguish
between the species on the basis of crown form, bark type, or cone

morphology (Roche 1965).

Natural hybrids of white and Sitka spruce, and white and
black spruce have already been identified and described. The white-
Sitka hybrid was described from material collected on the Kenai
Peninsula in Alaska. The white-black hybrid was described from mat-
erial collected in Minnesota (Little 1953; 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 will be possible to select such
hybrids in British Columbia for tree improvement work.

The varietal epithet albertiana should be discarded, for as
Taylor (1959) has pointed out, and as indicated by the présent study,
it refers to the white-Engelmann hybrid.

: There is no evidence from this study indicating the presence
of Engelmann spruce along the Hart and Alaska highways north of lat-
itude 55°30'. The Porsild variety of white spruce does not occur
extensively in northern British Columbia. It is possible that the
small population at Telegraph Créek, is of this variety (Roche 1965) .
If so, it is obviously worthy of further investigation to determine
jts 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 Agriculture,
Indian Head, Saskatchewan.

C.H. Lindquist,
Technician, Tree Nursery,
Canada Department of Agriculture,
Indian Head, Saskatchewan.

Self- and cross-compatibility of seedtrees within one or

more species provides a tool for mass 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 commercial 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 for the application of this technique for production
of hybrid seed of Colorado spruce (Picea 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. 1In 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. All male flower buds are removed. When the
flowers are receptive, those in two bags are self-pollinated, three
are cross-pollinated 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 are harvested and the yields recorded as seeds-per-cone,
to provide indices of the respective self-, cross-, and open-compat-
ibility 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-
set 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.
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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
l0-year-old progenies from three hybrid combinations revealed that
one combination produced almost 60% "intense blue" seedlings as
compared to 39 and 20% 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 all the seed harvested from these
grafted plants will result from natural cross-pollination and be true
hybrids of the desired type. Thus mass production of hybrid seed by
natural pollination is possible and presents the most economic means
of improving conifer tree production.

Subsequently combinations providing superior progeny will

be identified for further improvement in the quality of the hybrid
material.
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VARIABILITY OF FLOWER AND CONE PRODUCTION
IN NORWAY SPRUCE

E.J. Eliason,
Head, Forest Research Untit,
New York State Conservation Department,
Albany, New York.

Donald E. Carlson,
Forester, Forest Research Unit,
New York State Conservation Department,
Albany, New York.

On the grounds of the Ballston Spa, N.Y., Country Club,
109 Norway spruce (Picea 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
reason, ‘it seemed of interest to count the mature cones produced on
each tree.

The count began in 1962 and continued to 1968 for a total
of seven seasons. Starting in 1964, an estimate was 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 1966, the diameters
and heights were taken for some of the trees. 1In 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 90% of
the total cones for the 109 trees were produced by 21 trees. These
trees were designated as "coners". The cone counts for these trees
are shown in Tables 1-3, along with the count of another group of 21
"non-coner" trees, and the total cone counts for all trees. The 21
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. In 1967, a heavy crop matured. At this time the non-
coners fruited for the first time, but bore only 787 cones as compared
with 8,921 cones produced by the 21 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 1. Cone production for 7 years of a
Norway spruce open grown stand.
Coner ‘
g;ggp 1962 1963 1964 1965 1966 1967 1968 Total
No.

1 65 11 2 101 6 272 25 482
13 13 31 5 20 14 263 36 382
19 27 65 0 0 1 750 34 877
32 2 8 1 0 10 293 0 314
33 1 1 1 0 1 97 13 114
39 50 1 4 0 26 687 0 768
47 140 69 21 0 65 497 282 1074
49 2 10 18 32 19 321 3 405
54 43 23 3 36 35 497 27 664
56 35 3 40 0 4 237 1 320
61 1 46 3 6 2 177 66 301
62 11 27 0 0 3 325 28 394
72 30 9 0 0 2 614 0 655
75 12 0 20 0 2 175 0 209
83 80 90 9 56 30 192 21 478
87 19 20 3 0 0 314 57 413

205 11 29 0 0 9 329 192 570
210 12 30 5 45 31 195 32 350
212 15 6 21 7 0 233 62 344
215 32 10 40 35 5 145 39 306
216 110 1 26 4 20 258 43 462
Totals ~ 711 490 222 342 285 6871 961 9882
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Table 2. Cone production for 7 years of a
Norway spruce open grown stand.

Non-Coner
Group 1962 1963 1964 1965 1966 1967 1968 Total
Tree No.

2 0 0 0 0 0 0 1 1

4 0 0 0 0 0 7 0 7

6 0 0 0 0 0 2 0 2
10 0 0 0 0 0 92 16 108
12 0 0 0 0 0 3 0 3
15 0 0 0 0 0 4 4 8
20 0 0 0 0 0 17 2 19
24 0 0 0 0 0o 111 0 111
29 0 0 0 0 0 0 0 0
38 0 0 0 0 0 0 5 5
43 0 0 0 0 0 81 38 119
51 0 0 0 0 0 113 0 113
60 0 0 0 0 0 19 3 22
65 0 0 0 0 0 8 1 9
70 0 0 0 0 0o 181 0 181
81 0 0 0 0 0 9 7 16
88 0 0 0 0 0 17 6 23
200 0 0 0 0 0 49 0 49
201 0 0 0 0 0 65 3 68
202 0 0 0 0 0 0 0 0
214 o 0 0 0 0 9 3 12
Totals - 0 0 0 0 o 787 89 876
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Table 3. Summary of cone production for 7 years of all groups.

Number of Cones by Years

Groups 1962 1963 1964 1965 1966 1967 1968 Total
21 Coners 711 490 222 342 285 6871 961 9882
21 Non-Coners 0 0 0 0 0 787 89 876
Remaining 67 75 39 5 3 8l 8555 592 9350
Totals =- 786 529 227 345 366 16213 1642 20108
Percentages

21 Coners 90.4 92.6 97.8 99.2 77.8 42.4 58.5 49.1
21 Non=-Coners 0 0 0 0 0 4.8 5.4 4.4
Remaining 67 5.6 7.4 1.2 .8 32.2 52.8 36.1 46.5
Totals - 100.0 100.0 100.0 100.0 100.0 100.0 100.0 .100.0
Number of Trees

of the 109 with

cones - 41 31 19 10 25 103 68 -

Percentages

each year - 38.0 29.0 18.0 9.0 23.0 94.5 62.2 -

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 April-July for the years
1961-1968. 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 primordia were forming. One can also note a low in
June 1964, and a high in July 1962. These apparently did not affect
the cone set the following year. Matthews (1961), in reviewing the
production of forest tree seed, states that water supply can affect the
formation of flower buds. Was the heavy cone crop in 1967 related to
the high rainfall in June 19662 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 21 coners had a mean diameter of
11.4 inches, as compared with 10.6 inches for the non-coners. Again,
the coéners had a mean height of 35 feet and the non-coners 31 feet.

The coner trees were, therefore, somewhat larger than the non-coners.
Ranges were: in diameter breast height: for coners 7.3 - 15.6 inches,
for non-coners 7.7 - 14.4 inches; in height: for coners 31 - 43 feet,
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Table 4. Rainfall and primordia bud formation.

Year Cone

Year April May June July Crop Affected* Cone Crop
1961 4.19 3.35 4.20 3.72 1962 786
1962 4.03 2.60 2.14 1963 529
1963 2.22 3.02 2.70 2.26 1964 227
1964 2.46 1.50 .33 2.55 1965 345
1965 2.68 2.00 1.81 2.16 1966 366
1966  1.43 3.97  [7.30]*+  3.04 1967 16213
1967 4.74 4.10 2.77 3.85 1968 1642
1968 3.46 4.78  5.49 1969 2

*pPrimordial flower buds expected tobe laid down during a period of
4 months, with June 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 (1,074)
in 7 years.

At the time flowering was recorded, the terminal vegetative
buds were observed on all trees. There was considerable variation
among individuals ranging from no open buds to new growth up to 2 or
3 inches. When coners and non-coners were compared the former were
later in flushing than the latter. In each year of measurement the
coners had less terminal growth than the non-coners, with mean shoot
lengths of 1.5 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 relative abundance of flowers in each of 5 years
was scored in three portions of the crown (Table 5). For each tree,
the upper, middle and 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 significant at 0.1% level using Student's t-test. For
each class of abundance of female flowers there appeared on the aver-
age 20 mature cones.

From Table 5, it is evident that the male or staminate
flowers were better distributed throughout the depth of the crown,
with 18% in the lower third, and the remaining 82% equally divided in
the upper two-thirds of the crown. Only 9% of the female or ovulate
flowers were in the lower one-third and 91% in the upper two-thirds.
Also the upper-third had nearly 60% of the total female flowers.
Wright (1953) observed the fruiting records on seven individual Picea
abies at the Morris Arboretum for 5 years, and found variation among
the trees. One produced no fruiting for the period, three produced
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some fruiting for 1 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
trees included 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

1 2 3 4 5 Total
Number per Type 5 16 38 33 17 109
Total Rating of
Male Flowers 189 317 647 289 119 1561
Average Rating* per
Tree per Year 6.3 3.3 2.8 1.5 1.2 2.4
Total Rating of
Female Flowers 123 198 393 166 80 9260
Average Rating* per
Tree per Year 4.1 2.1 1.7 .8 .8 1.5
Total Cones 1819 4303 9405 3380 1552 20464
Average Cones
per Tree 364 269 248 102 21 188
Total Weevil .
Attacks . 3 34 79 64 33 215
Average Weevil ‘
per Tree .6 2.1 2.1 1.9 1.9 2.0

*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 crown 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 comb, or 1 type,
and almost equal on all the other types. The weevil attack was rel-
atively light, with an overall average 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. 1In this planting of Norway spruce, the 109 trees at 30 x
30 feet spacing occupy about 2 acres. Over the 7-year period, some
20,108 cones were counted. Converting this into seed/acre/year,
based on 283 cones per bushel and a yield of 9 ounces of seed per
bushel, the yield for all trees was 3 lb. of seed/acre/year. If all
109 trees produced proportionately as many cones as did the 21 coners,
the seed yield would be 7.5 lb./acre/year.
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ROOTING SOFTWOOD CUTTINGS OF LARCH

David B. Cook! and Charles H. Frommer?

ABSTRACT

A decade ago, Dr. Clyde Chandler of Boyce Thompson
Institute developed a technique 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 July 1965, low branches were taken from four young
(12 year) trees - one F-1 Dunkeld, two F-2 Dunkeld and one
pure European. Cuttings were immediately set in sand in a
mist chamber. After 4 1/2 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 33%, aver-
aged 55%. :

All cuttings tended to grow horizontally; this might
have been cured by staking. As of mid-July, 1968, many plants
were 1 - 1 1/2 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.

leooxrox Forest, Albany, New York.

2New York State Conservation Dept., Albany, New York.
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RELATIONSHIP OF SPECIFIC GRAVITY AND
TRACHEID LENGTH TO GROWTH RATE AND
PROVENANCE IN SCOTCH PINE

Donald E. Dorn!

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 1940 IUFRO
provenance test planted in New York State. Samples from 10
trees in each of 10 provenances were selected and divided into
5-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 gravity. 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 gravity were inconclusive. Further studies are
suggested to determine what components of specific gravity are
affected by growth rate and the magnitude of the resultant
change.

The 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 technologist. '

1y.s. Forest Service, Allegheny National Forest, Warren,
Pennsylvania.
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PRELIMINARY REPORT ON THE EFFECTS OF
GAMMA-IRRADIATION ON THE GERMINATION OF
SOME WESTERN CONIFEROUS SPECIES

M.H. El-Lakany and O. Sziklail

ABSTRACT

The effects of different doses of y irradiation on
seed germination of Pseudotsuga menziesii (Mirb.) Franco
(Douglas-fir), Picea sitchensis (Bong.) Carr. (sitka spruce),
and Tsuga heterophylla (Raf.) Sarg. (western hemlock) were
studied. The given doses were 0, 500, 2000, 5000, and 10,000
r at a dose rate of 139 r/sec. Irradiation enhanced the
germination per cent of stratified seeds of Douglas-fir and
Sitka spruce, but not of western hemlock. The tolerance
decreased in the following order: Douglas-fir, western hem-
lock and Sitka spruce.

lgpaduate student and Associate Professor respectively,
Faculty of Forestry, University of British Columbia,
Vancouver, British Columbia.

Financial support of this research in the form of a Forest
Genetics Scholarship by British Columbia Forest Products
Limited, Vancouver, is gratefully acknowledged.
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MASS TESTING FOR SUGAR CONTENT IN
SAP IN SEEDLINGS OF SUGAR MAPLE
(ACER SACCHARUM MARSH).)

William J. Gabriell

ABSTRACT

One of the characters investigated in a rangewide study
of variation in sugar maple was sugar content in sap.  Sap
sugar determinations that were attempted on 1,900 seedlings
ranging in diameter from 0.1 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 Plant Geneticist, U.S. Forest Service, Northeastern
Forest Experiment Station, Burlington, Vermont.
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SOME OBSERVATIONS ON GERMINATION OF
PSEUDOTSUGA MENZIESII (MIRB.) FRANCO
(DOUGLAS-FIR) POLLEN IN VITRO

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. Pollen germination was stimulated
by growth-promoting substances. Ten to fifteen per cent of
sucrose provided a favorable osmotic milieu and elongated
pollen growth. Pollen 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 cells.

lGraduate student and Associate Professor respectively,
Faculty of Forestry, University of British Columbia,
Vancouver, British Columbia.

Financial support of this research in the form of NRC
67-0595 Grant is gratefully acknowledged.
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EARLY RESULTS OF A SUGAR MAPLE
IMPROVEMENT STUDY

George E. Howe!

ABSTRACT

In 1964 the Northeastern Forest Experiment Station
initiated a 30-origin provenance study of sugar maple
(Acer saccharum Marsh.) to 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 these growth
differences may be due to nursery artifacts rather than to
genetic differences. Stem forking varied from 7 to 28%
forked seedlings, with the bulk of the provenances falling
in the 18 to 23% range; provenance survival ranged from 24
to 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.

lgraduate student, Michigan State University, Dept. of
Forestry and Natural Resources, East Lansing, Michigan.
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POSSIBILITIES IN THE PHYSIOLOGICAL ANALYSIS
OF GROWTH

F. Thomas Ledig!

ABSTRACT

An attempt was made to measure growth in terms of dry
matter relative to three physiological criteria: <1) photo-
synthetic and respiration rates, 2) distribution of the photo-
synthate for growth between leaves and the remainder of the
plant, and 3) duration-intensity aspects of the seasonal
pattern of assimilation. It is emphasized that measurements
of photosynthesis at a single period of time cannot account
for growth. Variation among individuals in the amount of
photosynthate allocated for leaf growth can affect product-
ivity. Further, a seedling whose genotype enables it to carry
. on photosynthesis at a high rate at one stage of development
may not be superior in this aspect at another stage. Intra-
specific variation in seasonal patterns of net assimilation
rate was reported 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
these concepts into account. The effect of photosynthetic
rate and relative leaf growth on accumulation of dry matter
was demonstrated through computer simulation using simple ..
models. A final step in the development of the model of
growth is to express photosynthesis as a function not only of
time but of light, temperature, and moisture, thereby ex-
tending its applicability to natural environments.

lpssistant Professor of Forest Genetics, Yale University,
School of Forestry, New Haven, Connecticut. :
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GENETICS AND BREEDING OF AMERICAN ELM !

Donald Lester?

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-fertility suggests
that self-sterile individuals may exist.

1Approved for publication by Director, Wisconsin Agricultural
Experiment Station. Work was supported by funds granted

under the federal McIntire-Stennis appropriation for forestry
research.

2pAssociated Professor, University of Wisconsin, Dept. of
Forestry, Madison, Wisconsin.
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EMBRYOLOGY OF PICEA GLAUCA (MOENCH) VOSS

R.M. Rauter! and J.L. Farrar?

ABSTRACT

The purpose of this study was to follow the development
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 were
made in September 1966, February 1967, earxly 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 1967. 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.
Little change was observed in the February collection. = By
the beginning of May the megaspore mother cell 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 cell walls had been laid down in
others. The first pollen grains appeared in the micropylar
canal on 29 May. These were located on the nucellus by 1 June,
but pollen germination was not observed until 5 June, 7 to 10
days after pollination. By 12 June, the archegonium within
the megagametophyte had formed. On 19 June fertilization 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 gametophyte 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 layer formed which sur-
rounded the cotyledons and the embryo, except for the base of
the embryo which was attached to the suspensors. Little change
was observed within the ovule from the beginning of August
.until seed maturity in the middle of September.

lResearch Forester, Ontario Dept. of Lands and Forests,
Research Branch, Maple, Ontario.

2professor, Toronto University, Faculty of Forestry, Toronto,
Ontario.
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SELECTION AND IDENTIFICATION OF MONOPLOID
POPULUS TREMULOIDES MICHX.

F.A. Valentine, Stephanie (Hewitt) La Bumbard,
and R.G. Fowler!

ABSTRACT

Results are described for selecting and increasing the
frequency of monoploid P. tremuloides seedlings among progeny
of controlled crosses of P. tremuloides and P. alba pyramidalis
as female and male parents, respectively. Putative monoploid
seedlings exhibit a low frequency of epidermal hairs on emerging
leaves and stems compared with interspecific hybrid siblings.
A method for the identification of monoploid seeds resulting from
crosses using aglba pollen labelled with P32 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 monoploid,
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 no functional sperm or a single
diploid sperm is produced in the pollen tube, and (2) NAA (naph-
thalene acetic acid) treatment of developing capsules of trem-
bling aspen which have not been fertilized to prevent abscission
of catkins prior to fruit maturation. Two putative monoploids
occurred among the progeny of crosses using colchicine-treated
pollen, but additional research is necessary as we have no
evidence that the colchicine treatment is effective. The NAA
treatment appears promising as premature abscission of catkins
developing from flowers pollinated with dead pollen, or ones
which had not been pollinated, was significantly less frequent
for the NAA treated groups than the non-treated controls. Four
seeds were harvested, but death due to damping off of two seed-
lings at the cotyledon stage and failure of germination of the
other two, probably due to dessication, prevented determination
of the chromosomal complement of these embryos. Attempts to con-
firm the haploid nature of the putative monoploids by chromosome
counts have not been successful. A dimorphism in leaf charac-
teristics attributable to the trembling aspen parent in one of
the experiments is reported.

lgtate University College of Forestry of Syracuse University,
Syracuse, New York.
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