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ABSTRACT

PATTERNS OF GENETIC VARIATION WITHIN FIFTEEN TREE SPECIES
IN TIMES OF BUD BURST AND FLOWERING

By

Kim Carlyle Steiner

Genetic variation in time of bud burst was studied in replicated,

Lower Michigan provenance tests of 15 tree species: Abies balsamea,

Betula alleghaniensis, Larix laricina, Picea glauca, Pinus banksiana,

P. flexilis, P. strobiformis, P. nigra, P. ponderosa, P. resinosa,

P. strobus, P. sylvestris, P. virginiana, Prunus serotina, and

Pseudotsuga menziesii. Genetic variation in time of flowering was

studied in eight species: Betula alleghaniensis, Larix laricina, Pinus

banksiana, P. nigra, P. resinosa, P. sylvestris, P. virginiana, and

Prunus serotina. With the exceptions of the Abies balsamea, Larix

laricina, Prunus serotina, and Pseudotsuga menziesii experiments, plan-

tations contained provenances from virtually all parts of the native

ranges. The Prunus serotina experiment was the smallest with eight

provenances represented.

In all species except Pinus resinosa there was significant varia-

tion among provenances in time of bud burst. In general, results were
consistent with those observed in other years in the same plantations,
other plantations of the same provenance tests, and other provenance
tests of the same species. When other studies involved the same prove-
nances, nearly all correlations between results were between r = +.76

and r = +.80.
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Most species shared certain geographic trends in variation in time
of bud burst. Northern, interior, and eastern Upper Peninsula (Michi-
gan) provenances burst bud earlier than southern, near-coastal, and
western Upper Peninsula provenances. There appeared to be no relation-
ship between elevation of origin and time of bud burst (independent of

latitude), but deviations from the latitudinal trend in Pinus flexilis

and P. ponderosa can be explained by the effect of topography on
climate. Variation among central and northern Rocky Mountain prove-
nances of these species was small and essentially geographically
random. There were few conspicuous instances in any species in which
deviations from general trends could not be attributed to regional
climatic anomalies or peculiarities of the species.

Multiple regression analyses in four species between time of bud
burst and 12 climatic variables yielded highly significant prediction
equations for time of bud burst in each species. But they failed to
indicate which variables may have been important in the evolution of
the common patterns of variation. Adaptation was probably a compro-
mise involving many factors of the year-round climate. However,
continentality -- sometimes expressed as the mean annual range in
temperature -- corresponded generally well with the geographic patterns
in genetic variation. Earliest provenances in most species were native
to regions with the most continental climates (g,g,, central Canada,
interior Alaska, and northeastern Siberia).

The geographic pattern of variation in time of bud burst in

Pseudotsuga menziesii was the opposite of that in all other species:

southern provenances were earlier than northern provenances and prove-

nances closest to the Pacific Coast were early for their latitudes.
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This could occur if this species bursts bud in response to photoperiod
and the others burst bud in response to temperature, or if P. menziesii
trees were not chilled sufficiently to completely remove winter
dormancy.

Some provenances in four species were represented by several half-

sib families each. None of eight provenances of Pinus flexilis and P.

strobiformis contained significant variation among families in time of

bud burst. However, significant genetic variation was found within two

of six Abies balsamea provenances and one of five Prunus serotina

provenances. Within these three provenances the magnitude of differ-
ences approached or equalled those observed in the respective entire
plantations.

In all species studied except Pinus resinosa and P. virginiana

there was significant variation among provenances or families in time of
flowering. This trait was significantly correlated with time of bud
burst among provenances or families in all species. The degree of
correspondence between the traits was better in species in which flow-
ers and shoot systems arise from the same buds.

Genetic variation in time of bud burst could be important in
breeding for improved resistance to some insect and disease pests and
to damage by late spring frosts. Frost damage in three Lower Michigan

plantations of Pseudotsuga menziesii was correlated with relative time

of bud burst of the provenances. Early provenances were most damaged.
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INTRODUCTION

"'When I shake my flowing ringlets,"'
Said the young man, softly laughing,
'Showers of rain fall warm and welcome,
Plants 1ift up their heads rejoicing,
Back into their lakes and marshes
Come the wild goose and the heron,
Homeward shoots the arrowy swallow,
Sing the bluebird and the robin,

And where'er my footsteps wander,

A1l the meadows wave with blossoms,
All the woodlands ring with music,
All the trees are dark with foliage!'"

Longfellow, The Song of Hiawatha

The "young man" in the poem is, of course, the weather bringing a
triumph of spring over "old man" winter. Longfellow very eloquently
characterizes spring, but not by its weather. Instead, he lists some
of the special biological events of spring, alluding to the fact that
our most vivid impressions of seasonal change are derived not from the
weather, but from changes in the moods of life -- changes in the occur-
rence, behavior, or appearance of plants and animals. The events he
lists are those Hiawatha might have observed in primeval Minnesota, but
each of us can recall certain other phenomena which we perennially
associate with spring or other seasons.

Phenology (short for phenomenology) is the study of these phenom-
ena, particularly their times of occurrence in different species and at
different places. It is an old science. Huberman (1941) places its

origin with Linnaeus in 1751, though he notes that even ancient Greeks






and Latin writers recorded times of flowering and bird migration. But
even further back in time, to the beginnings of agriculture, farmers
probably planted and harvested according to rules associated with
phenological events. Today we still find that phenological information
is important in agriculture and the related field of forestry. Among
other things, the results of phenological research are useful in deter-
mining when to take cuttings of plants for propagation, when to harvest,
and when to apply pest control measures to plants.

The above falls under the category of descriptive phenological
research -- listing the times of periodic biological events and noting
which occur together. Some people have attempted to look at phenological
data analytically, usually hoping to find causes for the differences in
the times of events at various places. The best known such attempt was
that of Hopkins (1938) who proposed that any periodic event in plants
and animals is advanced or retarded a certain number of days for every
regular change in latitude, longitude, or elevation.

But according to Daubenmire (1959), Hopkins' laws of phenology are
subject to so many local deviations that they have little practical value.
There are two reasons for this. One, of course, is that local climates
usually deviate from broadly-based geographic patterns. The other is
that most species are not genetically uniform over large areas, and to
ascribe differences in the timing of phenological events entirely to the
weather ignores the possibility of genetic causes.

The different roles that genetics and the environment play in
phenology may be illustrated by the principal springtime event which I
chose to study for this dissertation -- the timing of bud burst in trees.

Fifteen species were studied: balsam fir (Abies balsamea), yellow birch






(Betula alleghaniensis), tamarack (Larix laricina), white spruce (Picea
glauca), jack pine (Pinus banksiana), limber pine (P. flexilis),
European black pine (P. nigra), ponderosa pine (P. ponderosa), red pine
(P. resinosa), border pine (P. strobiformis), eastern white pine (P.
strobus), Scotch pine (P. sylvestris), Virginia pine (P. virginiana),
black cherry (Prunus serotina), and Douglas-fir (Pseudotsuga menziesii).

My research concerned the genetic aspects of bud burst. However,
like many plant growth responses, time of bud burst is most directly
determined by the enviromment. Heredity probably determines only the
quantity and quality of the environmental stimulus to which the tree
will respond. Hence, it is necessary to understand the effect of the
environment on dormancy and dormancy release in order to grasp the
meaning of genetic variation in time of bud burst. The following
discussion of this subject as it pertains to temperate and cold climate
trees is taken largely from reviews by Doorenbos (1953) and Perry (1971).

Many trees cease growing and set buds well before temperatures turn
cool. Usually they can resume growth during this time if certain condi-
tions occur or are imposed, such as lengthening of the photoperiod or
removal of the leaves. As summer passes into autumn, however, changes
occur within the buds which make them unable to immediately resume
growth, regardless of the state of the environment. When this occurs
the buds are said to be in winter dormancy or true-rest.

The natural stimulus which triggers the internal changes necessary
for the release from true-rest is exposure to cool temperatures. (In
the laboratory long photoperiods will substitute for the chilling
requirement in some species.) Temperatures just above freezing are

most effective in breaking true-rest, but longer periods of exposure to




higher or lower temperatures will have the same effect. Up to a point,
increments of chilling cause increased rapidity of growth initiation
after a return of warm temperatures. However, chilling requirements of
native trees are usually met well before the end of winter.

After the chilling requirement is met, buds remain in a state of
imposed dormancy or after-rest until they are exposed to other conditions
which stimulate bursting. Apparently, most species require only a period
of exposure to warm temperatures at this point to begin growing. How-
ever, there is some evidence that in addition to the heat requirement
there may also be a photoperiodic (long-day) requirement in certain
species. Among the species covered by my research, photoperiod has been
found to have little or no effect on removing after-rest in eastern
white pine and white spruce (Watt and McGregor, 1963), yellow birch
(Wang and Perry, 1958), jack pine (Yeatman, 1967), and Scotch pine
(Jensen and Gatherum, 1965). However, photoperiod may influence the
time of bud burst in some Douglas-fir trees (Irgens-Mdller, 1957).

Since environmental conditions can affect the timing of bud burst,
it is obviously necessary to grow trees under nearly uniform conditions
to determine if they are genetically different. If that is done, and
the plants still burst bud at different times, then genetic variation
must exist. In the majority of species this variation would probably
reflect differences in heat requirements for growth after true-rest is
removed. In some species genetic variation in time of bud burst may
reflect an interaction between differences in requirements for heat
and photoperiod.

Within a species genetic variation may occur at several levels.

For example, differences may exist among families from the same






population or provenance, among provenances of the same geographic
variety, and among varieties of the species. My research involved
variation among provenances in all of the 15 species studied. In
addition, some of the species contain two or more varieties or races
which were compared for time of bud burst and in four species I studied
variation among half-sib families. The results show that genetic vari-
ation in time of bud burst exists in most of the species. Furthermore,
the geographic patterns of variation in different species are similar
in many respects, and I discuss the climatic factors which may be the
historical causes of the evolution of these common patterns.

Variation in time of flowering was measured in eight of the species
and compared with variation in time of bud burst. Finally, genetic
variation in damage caused by late spring frosts was measured in
Douglas-fir; and I discuss the relationship between spring phenology

and frost susceptibility and other traits of economic importance.







MATERTALS AND METHODS

THE PLANTATIONS

A1l measurements were made in replicated plantations of trees from
different provenances. (The term "provenance" will be used here to
indicate not only the original stand of trees, but also the trees grown
from seed collected in that stand.) In general, the seed was collected
from five to ten average-sized trees located in an area less than 0.5
miles in diameter. In some species, where seed had been kept separate
according to mother tree, some provenances consisted of three to ten
half-sib families. Otherwise, provenances were represented by trees of
unknown relationship, except that they were from the same population.
Each provenance or half-sib family was represented by one randomly
located plot in each replicate. Table 1 gives details of the
plantations.

With the exception of four species, the plantations contain trees
from virtually all parts of the native ranges. Provenances from far-
northern parts of the ranges are lacking in the tamarack and balsam fir
experiments; provenances from the Pacific Coast are lacking in the
Douglas-fir experiment; and the black cherry experiment contains just
eight scattered provenances from Michigan, Pennsylvania, Virginia,
Tennessee, and North Carolina.

Except for two plantations measured for frost damage, all are
located at W. K. Kellogg Experimental Forest, 10 miles west of Battle

6
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Creek, Michigan. Kellogg Forest occupies 600 acres of rolling land
formerly devoted to agriculture. Other plantations of the same experi-
ments exist elsewhere, but those at Kellogg Forest are among the best
in terms of growth and survival. In addition, there are few other
places which contain provenance tests of so large a number of species.
Thus, Kellogg Forest offered probably the best opportunity available
for a study such as the one reported here.

Chemical weed control in the first 2 to 4 years following estab-
lishment boosted survival in all plantations. However, in some of them
mortality was still higher than expected. The cause of this can be
easily identified in the three plantations where mortality was particu-
larly high: yellow birch, ponderosa pine, and limber and border pines
(both included in the same plantation).

Mortality in the first two was largely due to edaphic factors.
Part of the yellow birch plantation had been graded 3 years before
planting as part of a highway project. Workers attempted to replace
the top soil, but nearly all trees in this portion of the plantation
died during a prolonged hot spell in 1969. In the ponderosa pine planta-
tion mortality has apparently been due to a high water table. With its
deep root system this species grows best in well-drained soil, and many
of the larger trees were still dying 11 years after planting. In
contrast, mortality in the limber-border pine plantation has been mostly
confined to the slow-growing limber pines which failed to succeed in
competition with herbs in spite of weed control efforts.

Further details of some of these experiments can be found in the
following articles: balsam fir -- Lester (1970), tamarack -- Pauley

(1965), white spruce -- Nienstaedt (1968), jack pine -- Canavera and




Wright (1973), limber and border pines -- Wright et al. (1971),
European black pine —-- Wright and Bull (1962), ponderosa pine -- Wells
(196ka), red pine —- Wright et al. (1972), Scotch pine -- Wright and

Bull (1963), and Douglas-fir -- Wright et al. (1971).

VARIETIES AND RACES

Some of the species are so genetically diverse that taxonomists
and geneticists have recognized that they contain two or more varieties
or races. I include these infraspecific units in the discussion of my
results because their existence has a genetic basis and they are useful
in describing geographic variation patterns.

The varieties I use are entities initially recognized by taxonomists
on the basis of morphological variation, so their existence implies
comparatively large genetic differences. On the other hand, the races
were recognized by geneticists from analyses of data (gathered in
provenance tests) on genetic variation in many major and minor traits.
Usually they are difficult or impossible to identify in the field and
may overlap genetically. However, when many traits are considered,
races are real entities which differ more from each other than they do
within themselves. Often races reflect adaptation to different

environments.

Ponderosa Pine

Taxonomists have recognized two widely distributed varieties of
this species in the United States: Pinus ponderosa var. ponderosa in

California and the Pacific Northwest west of the crest of the Rocky
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Mountains, and P. ponderosa var. scopulorum east of the crest of the
northern Rocky Mountains and throughout the central and southern
Rockies (Figure 10). Both are represented in the Kellogg Forest
provenance test of this species. (A third variety, P. ponderosa var.
arizonica, in southern Arizons and New Mexico and northern Mexico is
not represented.)

Wells (196k4a), from measurements on the nursery phase of this
provenance test in East Lansing, Michigan, found sufficient evidence to
recommend maintaining the distinction between the two varieties. The
greatest genetic differences in seedling traits occurred between the
varieties, but there were also smaller discontinuities in genetic
variation within them. Since these tended to coincide with geographic
barriers and climatic differences, he proposed the recognition of
several races within each variety.

Wright et al. (1969) subsequently modified Wells' races slightly
and split two of them into four others on the basis of measurements
through age 8. 1In all, nine races were recognized, arranged approxi-
mately latitudinally within each variety: Northern Plateau (northeast-
ern California and parts of Oregon, Washington, and British Columbia),
Coastal Oregon, Western Nevada, Northern California, and Southern
California in variety ponderosa; and Northern Interior (Montana, Black
Hills, and Nebraska), Northern Colorado and Utah, Southern Utah and

Northern New Mexico and Arizona, and Southern New Mexico and Arizona

in variety scopulorum.
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Douglas-fir

This species consists of two fairly distinct taxonomic varieties,
Pseudotsuga menziesii var. menziesii (coastal) and P. menziesii var.
glauca (interior). The boundary between them in the United States is
the crest of the Cascade Range in Washington and Oregon. Only the
interior variety is represented in the Kellogg Forest provenance test.
On the basis of measurements of several traits in this provenance test
at five plantations, Wright et al. (1971) divided the interior variety

into the eight races shown in Figure 11.

Scotch Pine

Considering that this species has the largest natural distribution
of any pine in the world, one should expect that it is also very vari-
able. The Michigan State University provenance experiment of this
species has been the source of considerable study on the nature of this
variation. Measurements of many traits in the East Lansing, Michigan,
nursery phase and the 30+ plantations (including Kellogg Forest) indi-
cated that many of the varieties recognized by taxonomists are
genetically valid (Wright and Bull, 1963 and Wright et al., 1966).
Although some of the varieties overlapped, the genetic variation in
most of them appeared geographically random and was only 10 to 20
percent as great as that within the species as a whole.

Ruby and Wright (in press) sorted out the nomenclature of those
taxonomic varieties which had a genetic basis. The locations of these

varieties are shown in Figures 12 and 13. Four are not represented in
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the Kellogg Forest plantation: altaica, 'Krasnoyarsk', rossica, and
romanica. Three are represented by only one provenance each and were
included in three other similar varieties in the analysis of my data:
'NE Siberia' in lapponica, vindelica in hercynica, and pyreneica in

agquitana.

Limber and Border Pines

The status of these taxa -- whether they are varieties of the same
species or whether they are separate species -- has long been a subject
of controversy among taxonomists (Steinhoff and Andresen, 1971). For
this reason, provenances of both were included in this experiment with
a view toward clarifying the degree to which they are genetically differ-
ent. Steinhoff and Andresen (1971) and Wright et al. (1971) reported the
early results of the experiment. They found that the nature of genetic
variation in the complex generally supports the current view that limber
pine and border pine are separate species.

However, as expected from the confusion of taxonomists, these
species are closely related and tend to intergrade in the zone of over-
lap of their native ranges. The nature of genetic adaptation to
environmental gradients must be similar in two such closely related
species. According to Stebbins (1950), "The differences between closely
related species are nearly all duplicated by or parallelled by differ-
ences between races or subspecies [varieties] of a single species."
Thus, I considered both species together in analyzing geographic varia-
tion patterns of bud burst and treated them in the statistical analysis

as I did varieties of other species.
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DATA COLLECTION

Measuring Time of Bud Burst

Relative time of bud burst was determined by scoring each plot
according to degree of leaf or shoot development shortly after growth
initiation. Measurements were taken in Kellogg Forest plantations of
all species in the spring of 1973 and again in one of the tamarack
plantations in the spring of 1974. In addition, 1971 and 1973 data on
bud burst in a Wisconsin plantation of the balsam fir provenance experi-
ment were kindly furnished by Dr. Donald Lester of the University of
Wisconsin. To minimize error, each plantation was measured in 1 day
and at a time when most trees were growing but growth had not progressed
so far that differences were not easily discernible. On their respec-
tive days of measurement the amount of variation in each plantation was
as follows:

Balsam fir, white spruce, and Douglas-fir -- some trees in bud,

others with 1- and 2-inch shoots.

Yellow birch and black cherry -- some trees in bud or just burst-

ing buds, others with almost fully developed leaves.

Tamarack -- some trees in bud, others with 1/L-inch needles on

short-shoots.

Pines -- new needles on some trees not yet grown beyond fascicle

sheaths, those onothers 1/2 inch long or more.

The scoring system varied for each species but scales of 9 to 20
bud burst grades were used in all but one Kellogg Forest plantation.

In the limber-border pine plantation I used a scale of 6 degrees of
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development. In the two sets of Wisconsin measurements scales of 4
and 5 were used. To simplify interpretation of the data, provenance
means were converted to a scale of 1 to 10 after performing the
analyses of variance. For each species the mean of the earliest prove-
nance was set equivalent to 1.0 and that of the latest was set
equivalent to 10.0. The other provenance means were then transformed
accordingly.

Saatcioglu (1967) and McGee (197k4), studying provenance tests of

Scotch pine and Quercus rubra, respectively, found that differences in

bud burst grades such as I used corresponded with differences in the
actual times of bud burst. Likewise, I found that my results correlated
with those of other studies of the same species in which the actual times
of bud burst were measured. Thus, relative growth shortly after bud
burst is an indicator of relative time of bud burst. Observing the
actual times would have been more desirable in some respects, but this
method requires frequent measurements on each tree during a short period
in spring -- a task which would have prevented observations of all but

a few species since nearly 14,000 trees were involved in the study. I
was, however, able to judge within a few days the amount of time between
the bud burst of the earliest and latest provenances by re-visiting

each plantation once or twice after the date of measurement.

Measuring Time of Flowering

The time of flowering of each plot was recorded in all plantations
in which most provenances were flowering by the spring of 1973: yellow

birch, tamarack, jack pine, European black pine, red pine, Scotch pine,
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Virginia pine, and black cherry. (While the term "flowering" is not
strictly applicable to the conifers, it is used here for convenience.)
In the wind-pollinated species the date of flowering was defined as

the first date trees within a plot released appreciable amounts of
pollen when the branches were shaken. Time of pollen release corre-
sponds with time of female receptivity in the pines (Bingham and
Squillace, 1957; Bramlett, 1973; Polk, 1967; and Wright, 1953); though
it does not in yellow birch (Dancik and Barnes, 1972) and probably
tamarack (Leven, 1951). In black cherry the date of flowering was
defined as the first date on which at least 25 percent of the flower buds
in a plot were open. Depending upon the rate that different provenances
began flowering, each plantation was visited at regular intervals of 1

to L4 days.

Measuring Frost Damage in Douglas-fir

Late spring frosts have occasionally caused severe damage to young
shoots in Lower Michigan plantations of the Douglas~-fir provenance test.
Such damage occurred in mid-May of 1973. To determine if there were
any differences among the provenances in frost susceptibility and if
they were related to differences in time of bud burst, I recorded the
proportion of new shoots killed in each plot. In addition, similar
data taken in previous years and on file at Michigan State University
were obtained for comparisons.

In all, data were available for spring frost damage occurring in
3 years at three plantations: Kellogg Forest (1968, 1969, and 1973);

Camp Kett (1969 and 1973); and Russ Forest (1968 and 1973). Camp Kett






16

is 11 miles south of Cadillac and Russ Forest is 5 miles east of
Dowagiac. Sixty-eight provenances are represented in the three

plantations.

PLANTATION DESIGN AND DATA ANALYSIS

All plantations are arranged in randomized complete block designs:
there is one plot (usually of four trees) of each provenance or family
randomly located within each of several replicates. Table 1 shows the
plot size and number of replicates for each Kellogg Forest plantation.
This design and the analysis of the data enables one to determine
whether differences among provenances or families are greater than what
would occur at least 95 percent of the time if the provenances or
families were genetically alike. In species where the provenances are
grouped into races or varieties the significance of variation among
those groups can also be tested.

Measurements were recorded as plot sums or means. In plots where
trees had died, the sum was computed from the mean of the remaining
trees and recorded as if all trees in the plot were alive. If a few
entire plots were missing, provenance (or family) means from the remain-
ing plots were entered and the data analyzed as if the plantation was
complete but with one less degree of freedom for the error and total
sums of squares for each missing plot. If many plots were missing,
though, the data were analyzed as if there were unequal sample sizes
for each provenance, and replicate effects were ignored (included in
error term). The effect of each of these irregularities is to make the

error mean squares larger than they would be otherwise, but provenance
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mean squares are not affected. As a result, significance levels for
genetic effects were, if anything, underestimated.

A special problem arose with the eastern white pine data. This
plantation is divided into three hillocks separated by two intersecting
draws. The elevational difference is only 15 to 20 feet, but the
topography is such that cool air collects in the draws on spring nights.
As a result, trees in the draws were almost invariably later to burst
bud. Unfortunately, this environmental effect ran across replicate
boundaries. However, it was possible to remove the effect from the data
by calculating the deviation of each plot from the provenance mean and
then using a running average of the deviations of adjacent plots in the
plantation to adjust the plot sum. This adjustment did not change the
significance level for genetic effects, but it decreased the error mean
square considerably.

For most plantations the analyses were straightforward. The mean
squares for provenance and replicate were tested over the error mean
square to determine their significance. However, analyses were more
complicated for plantations which contained half-sib families or in
which the provenances may be grouped into races or varieties. In these
cases, the analysis of variance was of the nested design. The procedure
is illustrated in Table 2 by a hypothetical example.

A complication was present, however, in those experiments which
contained unequal numbers of data elements in the subgroups (g.g.,
different numbers of provenances in each variety). When this occurs,
the coefficients of the respective variance components are unequal in
the numerator and denominator of the calculated F-value. Consequently,

the calculated F-value is not the simple ratio of the appropriate mean
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squares as in Table 2. Instead, one must adjust the mean squares to
determine the proper coefficients.

However, the effect of this irregularity depends upon the level
of the subgroup in which the unequal sample sizes occur. Thus, as is
shown in Table 3, the calculated F-values were not biased in balsam
fir by unequal numbers of families per provenance. The same was true
of the analyses for Scotch pine and black cherry.

However, in the other experiments which had nested models (limber
and border pines, ponderosa pine, and Douglas-fir) replication was
incomplete because of mortality. This caused some of the F-values to
be incorrect when calculated with unadjusted mean squares. The
affected F-values were so very large, though, that correcting the bias
would not change the significance levels. Thus, the main effect of
these irregularities was to prohibit the simple calculation of the
contributions of different sources of variation to the total variance.

If the analysis of variance indicated significant genetic variation,
I was interested to know which provenances, varieties, etc. were differ-
ent from others. This was done using the Least Significant Difference

(LSD) statistic for the 5 percent level of significance.

LSD.05 = t.OS(V) / = (Error Mean Square),
non

where "v" equals the degrees of freedom for the error mean square and
"n" equals the number of data elements that went into each mean being
compared. When the means were calculated from different numbers of

observations, I used the harmonic mean of their respective "n's." The
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Table 3.--Generalized analysis of variance for the Abies balsamea
The F-value is correctly calculated as shown,

plantation.
even though provenances contain different numbers of

families.

Degrees Calculated
of Expected mean
Source of variation Freedom mean squares squares F
Replicate > o2+ 7802 MS MS, /MS
R L L5
Provenance 41 0% + 302 + 202 MS MS_/MS
F(P) =P 3 340
Family (Provenance) 36 02 +302 MS MS,_/MS
F(P) 2 2l
2
Error 152 o MSl
Total 231

LSD was then multiplied by the appropriate multiplier, taken from

statistical tables, for the difference in rank between the means being

compared.



PATTERNS IN TIME OF BUD BURST

Table 4 shows the results of the statistical analyses for genetic
variation in time of bud burst. 1In all but one species there were sig-
nificant differences among provenances; and in most species with
varieties, races, or half-sib families differences among them were also
significant. The amount of variation among provenances in time of bud

burst was quite large, especially in some species:

At least 1 week -- balsam fir, yellow birch, white spruce, black cherry,
and jack, European black, ponderosa, eastern white,
Scotch, and Virginia pines

At least 2 weeks —-- limber and border pines (together)

At least 3 weeks -- tamarack and Douglas-fir

The only exception was red pine. After an hour's examination of this
plantation on June 1, I could find no measurable differences among
provenances in degree of needle development, indicating no or very little
genetic variation in time of bud burst.

Results for most species are shown in figures on the following
pages. Each figure depicts the natural range of the species, with
circles placed at the locations of the provenances and containing
symbols representing relative time of bud burst. Occasionally two or
more provenances in virtually the same location were represented by one

circle, so not every circle designates only one provenance. Each of the

21
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