In this context then, flowering precocity acquires added
importance in eucalypts.

Summary

Heterotic effect in regard to flowering precocity is re-
ported in a controlled Eucalyptus tereticornis X E. camal-
dulensis cross. The implications of such precocious flower-
ing in eucalypt improvement by selective breeding and
hybridization is indicated.

Key words: Eucalyptus hybrids, Early flowering.

Zusammenfassung

Bei F, Hybriden aus der Kreuzung von Eucalyptus tereti-
cornis Sv. mit E camaldulensis Denn. waren im Alter

von 4 Jahren mehr bluhende Individuen festzustellen als
bei gleichaltrigen Individuen der reinen Elternarten, d. h
E. camadulensis bluhte bis dahin Uberhaupt noch nicht.
Die Eigenschaft des Fruhblthens wird dem Hybridcharak-
ter zugeschrieben.
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Introduction

White spruce [Picea glauca (MoencH) Voss] has a trans-
continental distribution, is oned the most important coni-
fers in Canada, and is a genetically variable species (Nien-
staepT and TeicH, 1971). These factors eombine to make it
an excellent candidate for tree improvement work (CarvisLe
and TeicH, 1970).

A temporal or spatial relationship among individuals in
a population permits interbreeding and gene exchange be-
tween these individuals and therefore they may resemble
each other more than they resemble members o different
populations (Sreeeins, 1949). Intuitively, there must be a
tendency for close neighbors to mate, and proxirnity in
time or space increases the probability that these neighbors
will be related. If the trees growing near one another are
related, then crossing these related individuals will result
in inbreeding. In most naturally outbreeding plants, in-
breeding reduces the mean phenotypic value shown by
characters such as seed set, gerrnination percent, and vigor.
FrankLin (1970) summarized much o the literature on in-
breeding, particularly selfing, and the resulting reduction
in seed yield, seed gerrnination, survival, and early growth
o seedlings for many Pinaceae species.

The amount of inbreeding in natural stands is deter-
mined largely by the distance and rate at which genes
migrate within or between populations. As conifer seeds
are seldom distributed morethan 200 m (FoweLLs, 1965), pol-
len movement must account for most gene migration. If
gene flow is extensive as a result o considerable long-
distance pollen movement, natural inbreeding will be
limited. If, however, effective pollen flow is limited, and
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gene exchange between neighboring trees is common, a
significant amount of natural inbreeding may occur.

The genetic structure of natural populations has only
recently received attention. The family group structure o
trees has not been well documented although such rela-
tionships are generally accepted (Bannister, 1965; Koski,
1973; Sorensen, 1973; Lebic, 1974; Ticersteor, 1974). Studies
in Japan in natural forests o both Cryptomefia japonica
and Thujopsis dolabrata have indicated relatedness o trees
within groups (Sakai et al. 1970; Sakar and Mivazoki, 1972).
Loblolly pines (Pinus taeda L.) growing within 100 m d
each other in a small stand are probably related since the
progenies from controlled crosses had depressed survival,
green weight, and three-year height (Snvoer, E. B., USDA
Forest Service, Southern Forest Experiment Station, Gulf-
port, Miss, pers. comm. 1973). However, Ticerstept (1973)
fuund no gene clustering for trees in either d two stands o
Norway spruce (Picea abies (L.) Karsr.) in Finland. Spatial
mapping d enzyme alleles in these populations indicated
complete randomness of gene distribution.

The objective of this study was to determine the re-
lationship among white spruce trees in groups within
stands and to obtain estimates of the amount d inbreeding
occurring under natural conditions.

Materialsand Methods
Study Areas

Two central New Brunswick white spruce stands, sepa-
rated by approximately 3 km, were chosen at study areas.
One is a natural upland stand d mixed conifers at the
Acadia Forest Experiment Station (AFES) and the other
is a pure stand which has colonized abandoned farrnland
in the Tay River Valley (Tay).Based solely on an adequate
number o male and female strobili, 17 trees at AFES and
9 at Tay were chosen for controlled pollination studies.
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Controlled Pollinations

Each of the 26 mother trees was selfed and crossed with
a pollen mix composed of four pollens from the other stand
(technique described by Nienstaept and Teich, 1971, modi-
fied by FowLer, 1971). These two pollinations provided the
extremes of distance: zero metres and 32,000 metres. To
ensure an adequate number of short-distance crosses, ten
pollinations were made between close neighbors; the re-
mainder of the controlled pollinations were determined
randomly. A range of distances between mother tree and
pollen source tree was desired, however the availability of
strobili largely determined how many and which crosses
could be made with each tree.

Seed Set

Sound seeds were separated from empty seeds by flota-
tion in 95% ethyl alcohol. The sound seeds were counted
and the average weight of all seeds in each cross was
determined. The large round empty seeds were counted
and percent sound seed for each cross was calculated. This
information was used to estimate genetic load or the num-
ber of lethal equivalents (Morrton et al., 1956) as presented
by Sorensen (1969):

2B =—4 log, R
Where B is the average number of lethal equivalents per
gamete, 2 B is the number per zygote that constitute the
hidden, heterozygous, genetic load and R is the relative
self-fertility, that is, percent sound seed from self-pollina-
tion divided by percent sound seed from a long-distance
unrelated cross.

Wind-pollinated cones were severely damaged by spruce
budworm (Choristoneura fumiferana [CrLem.]) and as such,
seed data were excluded from the calculations. The wind-
pollinated seedling data were unaffected by budworm and
were included.

Germination

The germination and growth studies were based on up
to 50 sound seeds per cross. The seeds were germinated in
a chamber maintained at 30° C during a daily 8-hour light
period and 20° C during a daily 16-hour dark period (Hzir,
1963). Seeds were considered germinated when the radicle
was about 1 em in length and percent germination was
calculated for each cross. The rate of germination was de-
termined as the number of days required for 50 percent of
the total germination to occur.

Seedling Growth

Germinated seeds were planted in 2.5 inch (6.35 cm) peat

pots in a random design on a greenhouse table at the Acadia
Forest Experiment Station. Daylight was extended from
4 AM to 8 PM with incandescent lamps, and a commercial
fertilizer (RX-30) was applied weekly.
Cotyledons were counted and averaged for each cross.
Epicotyl length for each seedling was measured in milli-
metres on the 133rd day after the first seedlings were
planted. Epicotyl lengths of each seedling were corrected
for length of growing period, assuming a linear growth
relationship, and were adjusted, by cross, for sound seed
weight.

Coefficient of Relationship

The correfation of breeding values between members of
families is a measure of the degree of relationship and is
usually called the relationship coefficient (r). The correla-
tion between the breeding values of relatives in a random-
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mating population is twice the inbreeding coefficient (F)
of their progeny if the relatives were mated (FALCONER,
1960):

r=2F

The long-distance pollen mix was assumed to be unrelated
and as such the progeny have a relationship coefficient of
r = 0. The relationship coefficients were scaled from the
data with progeny of self-pollinations having an r = 1.0
and progeny of long-distance pollinations having an r = 0.

Results
Seed Characteristics

The female parent provided the only significant effect
on both sound seed weight and number of sound seeds
per cone.

Table 1. — Means and F-values from analysis of variance of per-
cent sound seed for each study area.

Source of
variation

Percent sound seed

Location (standard deviation) F-values

35.8 (24.5)
11.7 -61.5
8.1 (7.7)
50.7 (15.4)
39.5 (23.2)

AFES Mean of all crosses
Range of means of female parents
Mean of self-pollinations
Mean of Tay mix-pollinations
Mean of AFES cross-pollinations

2,11
2. 845k

Females
Males

Tay Mean of all crosses 27.4 (18.4)
Range of means of female parents 20.6 - 36.5
Mean of self-pollinations 4.1 (3.8)
Mean of AFES mix-pollinations 35.8 (10.1)
Mean of Tay cross-pollinations 32.2 (17.4)

Females 0.47
Males b4, 14%%

* Statistically significant at 0.05 level.

**% Statistically significant at 0.01 level.

The variation in percent sound seed was caused by both
male and female parent (Table 1). However, analysis of
variance showed that only the pollen parent had a signifi-
cant effect at both stands and therefore percent sound seed
was plotted over distance between the parents (Fig. 1 and
2). The lower 95% confidence interval of the unrelated
long-distance pollinations was placed on the graphs (solid
line Fig. 1 and 2). Data points falling below this line have
only a 1 in 20 chance of resulting from outcrosses and may
be considered a result of crosses between relatives. Points
above the line result from either outcrosses or crosses be-
tween relatives but are impossible to distinguish. Within
both study areas about 35% of the pollinations from within
100 metres are putative relatives. Beyond 100 metres cros-
ses between relatives are much less common.

Genetic Load

Of the 26 trees in both stands on which controlled self-
pollinations and long-distance pollinations were conduct-
ed, only 18 produced sound seed from both pollinations and
could be used to calculate the genetic load. Estimates of
the relative self-fertility (R) and the number of lethal
equivalents per zygote (2B) are shown in Table 2. The
number of embryonic lethal equivalents per zygote varied
from 2.9 to 14.8 with a mean for both stands of 8.7.

Percentage and rate of germination

Germination of the sound seed was poor (54%) and slow,
possibly due to lack of stratification. The seeds from self-
pollination usually had a lower germination percent than
those from the long-distance pollen mix. However, ana-
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Figure 1. — Percent sound seed over distance between mother tree and pollen parent at
Acadia Forest Experiment Station.
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Table 2. — Relative self-fertility and number of embryonic lethal
equivalents per zygote for 18 white spruce trees in the study loca-

N
«
i

PER CENT SOUND SEED
g
T

o o §
o § °
o o o ’ e ° 8
251 §_
o ° o PUTATIVE RELATIVES
80
°
0 L ° 1 L 1 1 1 :

0 100 200 300 400 500 32.000

DISTANCE (METRES)

Figure 2. — Percent sound seed over distance between mother tree and pollen parent at

tions.

Location

Tree Number

Relative self-
fertility (R)

Number of embryonic lethal
equivalents per zygote (2B)

AFES

552
553
554
561
795
607

Mean

.174
L0647
.348
.029
.167
.241
.227
.208
.205
.029

.220
+260
.061
.485
111
.035
.056
.025

.157

—

SoounuussNg
o
©

—

Tay River Valley.

lysis of variance showed that neither mother tree nor
pollen parent had a significant influence on germination
percent or rate of germination in either stand. The poor
germination and the slow rate of germination may have
masked any genetic differences.

Seedling Characteristics

Seedling mortality in the greenhouse was severe and
made it impossible to detect any genetic effects of inbreed-
ing on early survival.

The number of cotyledons varied little with pollen parent
or between study areas. Analysis of variance showed that
the female parent provided the only significant influence.

The means and standard deviations of epicotyl length
after 133 days of growth, adjusted for sound seed weight,
are shown in Table 3. Analysis of variance indicated that
the mean epicotyl length of progeny by female parents dif-
fered significantly at both stands while the influence of
the male parent was significant only at AFES. Epicotyl
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Table 3. — Means and F-values from analysis of variance of epi-
cotyl length of seedlings adjusted for sound seed weight by cross
for each study area.

Epicotyl length (mm) Source of .
(standard deviation) variation F-values

lengths were plotted over distance between parents for
both stands (Fig. 3 and 4). Epicotyl length observations
below the solid line have only a 5% probability of resulting
from outcrosses and may be considered the result of crosses

Location between relatives. At AFES, the proportion of crosses be-
AFES  Mean of all crosses 75.2 (15.7) tween putative -relatives to crosses between unrelated
Range of means of female parents 58.1 ~ 98.7
Mean of self-pollinations 57.3 (23.8) parents decreases beyond 200 metres. No crosses between
£ ~pollinations 82,5 (10.3) A N
o o i Limations 67.4 (4.5) putative relatives at Tay occur beyond 75 metres.
Mean of AFES cross-pollinations 76.9 (13.6) 3 . .
© emales 3770k The mean epicotyl length of progeny from wind-pollina-
emales 3.
Males 1.94% tion was about 12% shorter than that from the long-dis-
Tay  Mean of all crosses 60,0 (12.1) tance pollinations at both stands (T'able 3).
Range of means of female parents 37.7 - 82.2
Mean of self-pollinations 45.7 (Mél;)
! of AFES mix-pollinations 65.0 (7. . .
Mean of wind-pollinations 61.7 (7.4) Discussion
Mean of Tay cross-pollinations 62.0 (11.9)
Female  6.21%% Genetic Load
Male 1.06
Although empty seed in conifers result from several
*Statistically significant at 0.05 level. causes, genetic factors must be the most important because
*#Statistically significant at 0.01 level. self-pollination consistantly produces large quantities ot
empty seeds. In this study the proportion of empty seeds
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Figure 3. — Epicotyl length at 133 days adjusted for seed weight over distance between
mother tree and pollen parent at Acadia Forest Experiment Station.
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from controlled self-pollinations was 93.9% which was
slightly higher than the 87% found by MEercen et al. (1965)
for the same species.

The average genetic load of white spruce in this study is
8.7 embryonic lethal equivalents per zygote which is similar
to the results reported by several authors for conifer spe-
cies. For example, FrankLiNn (1971) found 8.5 embryonic
lethal equivalents per zygote in loblolly pine and Koski
(1971) reported 8.9 embryonic lethals in Scotch pine (Pinus
sylvestris L.) and 9.6 in Norway spruce.

Lethal genes are involved in such fundamental proces-
ses that their lethality takes effect early in the development
of the zygote (Sarvas, 1968). In this study about 86% of the
genetic load was expressed during embryo development.
Koski (1973) stated that 87 and 89% of the genetic load was
expressed before the seed matured for Scotch pine and
Norway spruce respectively. As embryonic lethals elimi-
nate between 85 and 90% of the inbred embryos, the effects
of genetic load on germination capacity, seedling vigor,
and survival can be expected to be reduced if the same
genes contribute to load in both stages.

Epicotyl Length

The epicotyls of self-pollinated seedlings were 24%
shorter than those of the long-distance pollen mix. This
is similar to the findings of Kinc et al. (1970). MerGeN et al.
(1965) also found that seedlings from self-pollinations were
. significantly shorter initially, but there was little difference
in height between self- and wind-pollinated seedlings at
the end of one growing season.

In both stands self-pollination also reduced seed set
about 86% compared to the unrelated long-distance pollen
mix. Obviously, in a white spruce improvement program
there is much to be gained by minimizing the amount of
selfing.

The epicotyls of progeny originating from wind-pollina-
tion at both stands were shorter than those from the long-
distance pollen mix, indicating that some of the pollen
reaching the wind-pollinated strobili was from self or re-
lated neighbors.

Coefficient of Relationship

TicersTepT (1973) opposed the concept of gene clustering
and inbreeding, and stated that mapping of Norway spruce
populations indicated complete randomness of gene dis-
tribution. He concluded that population heterogeneity is
maintained by strong stochastic gene flow as proposed by
Kosk1 (1970) and by extremely intense selection operating
throughout the life cycle. SNnYper (pers. comm. 1973), how-
ever, suggested that neighboring trees in wild stands of
loblolly pine are related. He found that crossing neighbor-
ing trees within 300 feet (91 m) of each other resulted in
average losses of 2 to 14% in seed and seedling characters
when compared to the overall mean.

In this study, crosses between trees separated by 100
metres or less resulted in a 28% reduction in seed set com-
pared to crosses between trees separated by more than 100
metres. This depression indicates that there is a detectable
relationship among at least some of the trees within a
radius of about 100 metres.

The relationship coefficients were scaled from the data
in Table 4. The trees within a 100 metre radius of any
mother tree at AFES have an average (of percent sound
seed and epicotyl length) relationship coefficient of r = 0.30
while those at Tay have an average relationship coefficent
of r = 0.23. These two relationship coefficients are high

when compared to MorcensTERN’s (1972) estimates for black
spruce (Picea mariana MiLL. B.S.P.). He found a relationship
coefficient of r = 0.16 for southern Ontario populations and
r = 0.06 for northern populations.

Table 4. — Summary of percent sound seed and epicotyl length by
distance classes for both study locations.

Epicotyl
Percent length
sound seed (mm)

Distance

Location Class

AFES Self-pollination (0 m) 8.1 57.3
Wind-pollination 67.4

lto 100m 32.7 78.1

101 to 500 m 50.7 75.1

32,000 m 50.7 82.5

Tay Self-pollination (0 m) 4.1 45.7
Wind-pollination 61.7

lte 100m 29.8 59.8

101 to 500 m 40.6 75.5

32,000 m 35.9 65.0

White spruce does not grow in large contiguous stands
in eastern Canada except when colonizing old fields. The
white spruce in mixed stands, of which AFES is an ex-
ample, may be so widely separated that gene flow between
trees is reduced thus increasing the possibility of high re-
lationship coefficients among the progeny. Grecorius (1973)
stated that the coefficients of relationship increases steadily
from generation to generation for plant populations of
finite size whose individuals are stationary. Old field
stands, of which Tay is an example, usually originate from
mature trees along their perimeter. If these mature trees
are few, as is often the case, the relationship coefficient
within the old field stand could also be quite high.

Implications

Lepic (1974) analyzed two basic methods of selection of
superior trees for breeding orchards: comparison tree selec-
tion and the individual tree or baseline selection. He sug-
gested that the comparison tree method will be the most
efficient only if family relationships are low. The relatively
high relationship coefficients found in this study on white
spruce indicate that the individual tree method of selection
of superior trees will be the most efficient.

The increased growth of progenies from seed orchards
over that of wind-pollinated controls is generally consider-
ed as a genetic improvement attributable to the genetic
superiority of the parent types. Our data show that for
white spruce a considerable part of this “improvement”
may result merely from reduced inbreeding resulting from
breaking up the family structure of stands of trees. In other
species, the presence or absence of a relationship coefficient
within stands will determine what portion, if any, of the
improvement is the result of breaking up the family struc-
ture.

Abstract

The population structure of white spruce (Picea glauca
[MoencH] Voss) was studied in two stands in south central
New Brunswick. Estimates of inbreeding were obtained by
comparing the effects of self-pollination, cross-pollination
between neighboring trees, and cross-pollination between
widely separated trees.

Percent sound seed and seedling height varied signi-
ficantly with pollen parent. Seed weight, cotyledon num-
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ber, and germination percent were unaffected by pollen
parent.

The relationship between inbreeding depression and
nearness of pollen parent indicated that family relationships
exist between near neighbors. Trees separated by greater
than 100 metres were unrelated. Average relationship coef-
ficients for trees within the two stands were found to be
0.30 and 0.23.

Key words: Population structure, Relationship, Inbreeding depres-
sion, Picea glauca (Moenci) Voss.

Zusammenfassung

In zwei 32 km voneinander entfernten Bestinden von
Picea glauca (Moench) Voss, in New Brunswick, Kanada,
wurde die Populationsstruktur untersucht, indem Selbstun-
gen und Kreuzungen zwischen benachbarten Biumen je-
des Bestandes und Bidumen der beiden Bestdnde durchge-
flihrt wurden. Hierbei variierte das Vollkornprozent der
geernteten Samen und die Hohe der daraus angezogenen
Pflanzen mit dem méannlichen Elternteil im Gegensatz zur
Anzahl der Kotyledonen und zum Keimprozent. Es konnte
eine Beziehung zwischen Inzuchtdepression und naher
Verwandtschaft zum maéinnlichen Elternteil erkannt wer-
den, woraus geschlossen wird, daB3 zwischen benachbarten
Bidumen Familienverwandtschaft besteht. Baume, die wei-
ter als 100 m voneinander entfernt sind, waren nicht mehr
als verwandt zu betrachten.
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