Parent treevariation in Stka spruce provenances, an exampled fine
geographic variation')

By E. R. FALKENHAGEN?)

(Received July 1976 / March 1977)

Summary

On the basis d five seed and cone traits, 3 Sitka spruce
provenances are shown to present a fine pattern o geogra-
phic variation. This variation pattern was best detected
when canonical analysis was performed on an ecological
region basis. Discussion of the present literature leads to
the conclusion that complex stepped eco-clines may exist
in the species.

Key words: Sitka spruce provenances — seed and cone traits —
parent trees — canonical analyses — intra-regional
variation.

Zusammenfassung
An Hand der Untersuchung der Zapfen und Samen (Mes-
sung der Zapfenlange, der Samenléange und -breite sowie
der Samenfliigelldnge und -breite) von 2 Picea sitchensis-
Herkunften aus dem naturlichen Verbreitungsgebiet der Art
konnte eine geographische Variation bzw. geographische
Merkmalsprogression festgestellt werden.

Introduction
In 1971, an extensive provenance study d Sitka spruce
(Picea sitchensis (BonG.) Carr.) was started which included
aso the study of variation between trees, within prove-
nances. In a recent paper (FaLkentacen and NasH, in press),
it was shown that the 5 seed and cone traits measured on
557 Sitka spruce parent trees grouped into 39 provenances

varied geographically to such an extent that the place of
origin o the populations studied could be used to predict
fairly well their cone and seed morphology. Furthermore,
it was also shown statistically that this pattern o variation
was best detected when the provenances were grouped and
analyced according to subsets called ecological regions. In
that paper, the biological aspects were not treated exten-
sively.

It is proposed to present this geographic variation in
detail here and to discuss the possible reasons and implica-
tions o this variability for tree breeding and forestry in
general.

BurLey (1965) has studied seed weight variability in 30
provenances o Sitka spruce but did not find significant
relationship with latitude. There was however a trend for
northern provenances to have heavier seeds. DAuBENMIRE
(1968) studied the morphological variability o adult trees
in ten natural populations of Sitka spruce. He claims that
there is a clinal variation in cone size and sterigma angle
which decreased from south to north. Possibleintrogression
with Picea glauca of some populations o the Skeena river
watershed was discussed by the author who proposed that
length : width ratio d the cone scales be used to differen-
tiate insular from mainland populations (Dausenmire, 1968).
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Figure 1. — Geographical locations of the Sitka spruce provenances of the 1970 |.U.F.R.O.

collection: The numbers are the
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provenance numbers. First map.

Materials and Methods
The geographical coordinates of the Sitka spruce prove-

nances _studjed have heen, siven elsewhere (FAIKENHAGEN
1971). Time hve reproductive cﬂaracters measured were!

coae length, seed and wing length and seed and wing width.
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Figure 2. — Same as for Figure 1 but Second map.

Five seeds and 10 cones per tree and up to fifteen trees per
provenances were measured, with the following accuracy:
seed traits to the nearest 0,01 mm, cone length to the
nearest mm. Only the provenances with 15 trees are dealt
with in this study (FaikennaGeN and NasH, in press). Fig. 1
and 2 show the location of the provenances studied and
are presented here because they are important to the fol-
lowing discussion.

The statistical methods used to analyse the 5 traits were:
analyses of variance, multiple correlation and regression
analyses, canonical correlation analyses and discriminant
function analyses (also called canonical analysis by SeaL
(1964)). Only the results of the canonical analyses will be
presented here. Canonical analysis has been developed in
order to discriminate between several multivariate groups.
It is another interpretation of discriminant function analy-
sis. Suppose that we have h p-variate normal universes
represented by samples, then it is possible to find a trans-
formation such that the first axis is inclined in the direc-
tion of the greatest variability between the mean vectors
of the samples, then that the second axis, at right angle to
the first, is to be inclined in the direction of the next
greatest variability, and so on. The centroids of the dif-
ferent universes can be expressed in canonical form and
their mutual positions visualized in a diagram. Confidence
circles can be drawn around the points representing the
universes in the graphs. (SeaL, 1964; FALkeNHAGEN and NasH,
1976).

Results and Discussion
The results are best shown in a series of graphs (Fig. 3,

4, 5 and 6). Each figure corresponds to some “a priori”
delimited ecological region. The ecological regions were
defined as follows:
Region 1: Eastern coast of Vancouver island and
the Lower Fraser Valley.
Western coast of Vancouver island.
Queen Charlotte islands.
Alaska panhandle.
Skeena river basin and adjacent areas.

Region 2:
Region 3:
Region 4:
Region 5:
The following comments can be made if we carefully
compare the plotting of the provenances in the different
canonical spaces and their physiographic position in figures
1 and 2. The first two axes are used here as they have
proved the most useful in each case.

The two first canonical axes account for 66% of the total
variation for Regions 1 and 2 pooled, 63% for Region 3,
62% for Region 4 and 62% for Region 5. The other canonical
axes did not lead to any meaningful interpretation.

Regions 1 and 2 pooled (= Vancouver island) (Fig. 3.)

The first canonical axis represents a gradient parallel to
the longitudinal axis of the island while the second axis
is parallel to the small east-west axis of the island mass
and seems to contrast the west coast from the east coast
which belong to different climatic subregions. Only the
provenance 31 seems oddly placed between the provenances
3 and 4 of the east coast of the island. There is no ready
made explanation for this anomaly except for random
drift, perhaps. Thus 1 out of 7 provenances (or 14%) is not
plotted according to its geographic origin.
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Figure 3. — Canonical analysis for Region 1 and 2 pooled. Plotting

made using the first two canonical axes. The numbers are the

provenance numbers. The circles shown are 95% confidence circles

(SeAL, 1964). The more the circles overlap, the less different are the
provenances.
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Figure 4. — Canonical analysis for Region 3. Same comments as
for Fig. 3.

Region 3. (Fig. 4).

The first canonical axis seems to represent a latitudinal
gradient, while the second axis positions the provenances
according to their longitudinal position. The only seeming-
ly aberrant provenance is the provenance 37, well isolated
(as is the provenance 40) in the canonical space. 4 out of 5
provenances (or 80%) are plotted according to their geo-
graphic origin.

Region 4. (Fig. 5).

Again the two first canonical axes seem to represent
geographical gradients if we discount the provenance 26
and the provenance 23 which is completely isolated from
the other provenances. Again 4 out of 6 provenances (or
67%) are plotted according to their geographic origin.

10 12 141 16 18 2D

Figure 5. — Canonical analysis for Region 4. Same comments as for Fig. 3.
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Region 5 (Fig. 6) represents the most striking example of
geographic variation. The two first canonical axes re-
markably position the provenances according to the lati-
tude, longitude and elevation of their place of origin. Prove-
nance 9 appears to be oddly placed but in fact, its plotting
reflects the high altitude of its place of origin. The same
is true for the provenance 22 which is a high elevation
coastal provenance. The position of the provenance 8 is
perhaps the least explainable. The provenances 8, 9 and 22
are indicated by arrows and for clarity reasons do not have
95% confidence circles. More than 90% of the provenances
are plotted according to geographic origin.

Thus, for each region, there is a striking similarity be-
tween the geographic location of the provenances on the
maps and their plotting in the canonical spaces resulting
from the transformation of the original hyper-space of the
morphological traits. This clearly indicates that the repro-
ductive characters of the parent trees are correlated with
their local environments.

When the provenance means are used, a correlation
matrix (Table 1) between the traits studied and latitude,
longitude and elevation of the place of origin of the prove-
nances shows that wing width, seed width and cone length
are significantly correlated with the geographic coordinates,
thus indicating some continuous variation. However the
coefficients of determination vary between 12% and 32%.
Multiple correlation and regression analyses furthermore
show that wing length can be predicted by longitude and
+20 o8 latitude together, wing width by longitude alone, seed width

by longitude and altitude together and cone length by alti-

tude alone. For more details on the method used see FaL-

KENHAGEN (1978). However the coefficient of determination

of these regression equations oscillates between 19 and 38%

leaving much of the individual trait variation unexplained.

Nested analyses of variance were performed®én each trait,

Figure 6. — Canonical anal);zi: ;;’; 3Re3‘°“ 5. Same comments as  peglecting the five ecological regions. The results are shown
- in Table 2.
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Table 1. — Correlation matrix between the seed characteristics and cone length and the geographical coordinates of the place
of origin of the 39 provenances studied.

a b c d Cone Long. Lat. Alt.
a 1.00
b 0.57** 1.00
c 0.62*+* 0.60*** 1.00
d 0.30NS 0.75%%* 0.45%* 1.00
Cone 0.32* 0.48** 0.66%** 0.49%* 1.00
Long. -—0.099NS 0.45** 0.10NS 0.49** —0.033NS 1.00
Lat. 0.17NS 0.39* 0.19NS 0.34* —0.31NS 0.78%** 1.00
Alt. 0.0054NS —0.15NS —0.28NS —0.40* —0.57** —0.09NS 0.24NS 1.00
a = wing length. NS Not significant at 5% level.
b = wing width. * significant at 5%.
c = seed length. ** significant at 1%.
d = seed width. **+ significant at 0.1%.

cone = cone length,
Long = longitude in degrees; hundredth.
Lat = latitude in degrees; hundredth.

Alt = in feet.
Table 2. — F Values of the nested anova performed on the different traits measured.
D.F Seed Traits Cone
Sources of Variation o a b c d D.F. Length
Provenances 38 58.8 445 30.24 24.6 38 231.51
Trees/Prov. 517 9.8 8.1 3.9 2.6 517 15.33
Error 2224 5004
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All the F values calculated are very highly significant.
The heterogeneous pattern of variation of the total material
precludes any estimation of variance components or mul-
tiple comparisons of the means of the provenances, because
of heterogeneity of variance problems.

It should be noted that between provenances and between
trees within provenance, variabilities do exist and that the
cone length seems to be the most variable characteristic.

Nested analyses of variance were also performed on each
trait and for each region separately with two levels of
variation: trees and provenances. The components of vari-
ance calculated show that the variability between prove-
nances is fairly large for seed length and width and cone
length. However, the components of variance for the be-
tween trees variability remain always above 50%. Taken
individually, the 5 traits do not tell much about the geo-
graphic differentiation of the populations but a multi-
variable approach clearly indicates that there are complex
topoclines combined with large topotypes in Sitka spruce.
Within each ecological region, it is possible that ecoclinal
variation exists as it is examplified by the ordering of the
provenances of Region 5 along altitudinal gradients cor-
responding to river valleys.

The hypothesis which comes to mind first is that there
exist stepped ecoclines, with discontinuities at the ecolo-
gical region levels. These regions themselves change ac-
cording to ecogeographic gradients and, within each region,
regional ecoclines exist. The reproductive traits measured
are phenotypic and as such their ontogeny is under the
influence of the local environment. It has been suggested
(Roweg, 1964) that direct preconditioning by the environ-
ment of the seed (and of the resulting seedling) is possible.
A survey of the forestry literature of the past decade has
failed to show us further research on this very important
question. Mention of the problem has been made but no ex-
perimental research started (McGeg, 1973). SterN uses the
word preconditioning in a very different way from Rowg’s
one (SterN and Rocwug, 1974). Lancirer (1967 and 1971) is
convinced that habitat correlated variation shown in a com-
parative test of seeds of different origins is heritable.
LANGLET (1967 p. 440) says: “what is remarkable is that Eng-
LER (1913), also proved that offspring from lowland spruce
that had been cultivated for 30—40 years at high altitudes,
preserved most of their lowland — spruce characters when
tested in the vicinity of Ziirich. He was thus able to de-
monstrate that the actual adaptive characteristics were in
fact hereditary” Hesior — Harrison (1964) contents that
there is no direct evidence of habitat correlated variation
which is not adaptive and not hereditary. Some genecolo-
gists do not even mention preconditioning as factors of dif-
ferentiation (Timoreerr — REssovsky (1940), WiLkins (1968)
and EHRENDORFER (1968)).

Simak (1967) in a careful study of the variation of seed
weight of different larch (Larix decidua MiLL) provenances
has shown that those larch provenances cultivated as ex-
otics in different European countries produce seed whose
thousand seed weight (and seed length which is strongly
correlated with this trait) falls within the limits for this
character for the original provenances. In other words,
thousand seed weight seems to be highly heritable in Euro-
pean larch. Hewever, thousand seed weight of Scots pine is
not so strongly inherited (Simak, 1967).

On the basis of the present scientific literature, one
can thus accept that the seed and cone characters of the
Sitka spruce parent trees are probably adaptive because
of their fine geographic variation. This fine adaptive varia-
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tion is genetically based and perhaps highly heritable.
Naturally more research is eneded. Only the comparison of
cone and seed traits of second generation stands of known
origin or of crosses in seed orchards of Sitka spruce with
the same traits of autochthonous stands can solve the
problem of the heritability of these traits.

Are the cone and seed traits studied related to the char-
acteristics of the corresponding progenies? A detailed
multiple correlation and regression analysis of the cor-
relation matrix between the parental traits and some char-
acteristics of the progenies raised in a nursery (see FALKEN-
HAGEN, 1976) has given the following results (only the most
important results are shown here): wing width was posi-
tively correlated with bud set measured in 1971 (r = 0.35)
and needle colour (r = 0.39); seed length was positively
correlated with epicotyl length and total height after the
second growing season (r = 0.36); seed width was negatively
correlated with bud set (r = —0.38) and positively cor-
related with epicotyl length and total height (r = 0.68)
(ry¢s = 0.32). Of the variation in bud set 52.2% was ex-
plained by the five seed and cone traits, 37.7% by wing
width and cone length together. For bud burst, 35.0% of
its variation is explained by the 5 traits studied, 31.5% by
wing length and seed width together. For epicotyl length,
68.4% of the variation is explained by the 5 traits studied,
47.7% by cone length alone. For total height, these figures
become 71.2% and 44.5%. These figures point to the fact
that parental phenotypic traits are correlated with the cor-
responding progeny traits as well as with the geographical
coordinates of the place of origin of the Sitka spruce prove-
nances.

Thus, five seeds per tree and fifteen trees per prove-
nance can be used not only to identify the origin of a
provenance but also to predict the characteristics of the
progenies growing in a nursery. If multivariate statistical
techniques are used, then accurate predictions are possible.

Among the factors of genecological differentiation which
are probably at play for the type of variation described,
natural selection is likely to be predominant with random
drift negligible in overcoming possible migration from
neighbouring populations of spruces.

If the phenotypic and genetic plasticity of Sitka spruce
were small, then the pattern of variation would point to a
narrow range for seed transfer for reforestation or af-
forestation purposes. However, widespread success of Sitka
spruce as exotics in Europe and elsewhere does seem to
indicate a great plasticity provided that its minimum eco-
logical requirements are met.
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Pollen and Stigma Viability in Teak (Tectona grandis L. £.)
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Abstract

Methods and results of tests on the viability of pollen
and stigmas in Tectona grandis L.f. are described. In vivo
and in vitro techniques revealed the extent of viability of
pollen and stigma. Pollen grains from the day of anthesis
to three days after were used in controlled pollinations.
Pollen grains were also germinated in mixtures of boric
acid, gibberellic acid and sucrose. Some pollen grains were
stored in a deep freeze, a cooled incubator and a vacuum
desiccator and later germinated. Sucrose at 14% gave the
best germination; at 1% to 3% sucrose there was rupture
and at 35% to 40% there was plasmolysis. Pollen grains
appeared viable two days after anthesis although no seeds
were obtained when these were used in controlled pollina-
tion. ’

Pollen grains had the highest percentage of viability be-
tween 12.00 and 14.00 hours, while viability decreased be-
twen 07.30 and 10.00 hours.

The use of stored pollen for tree breeding appears pos-
sible.

Key words: Pollen viability, in vivo, in vitro, pollen storage, pol-
len tube measurement, controlled pollination.

Zusammenfassung

Unbehandelter Pollen von Tectona grandis L.r. war bis
zu 2 Tagen nach der Anthesis keimfihig. Nach Aufbewah-
rung des Pollens in einem Exsikkator bei Minustemperatu-
ren unterschied sich die Keimung nach 35 Tagen nur da-
durch, daf3 die Pollenschlduche kiirzer waren. In einigen
Féllen konnte mit aufbewahrtem Pollen Befruchtung er-
zielt werden.

Introduction

Establishment of forest plantations is currently of great
interest in Nigeria because of rapid depletion of the natural
forest. However, there is little or no information on the
reproductive biology and genetic variation of the species
used in plantations. Information on the reproductive bio-
logy of such species is essential in designing effective
breeding programmes. Bawa and Stertier (1969) stated that
although breeding mechanisms of temperate forest-tree
species are fairly well known they are poorly understood
in tropical tree species.

The teak flower is actinomorphic and hermaphroditic and
normally has six petals in a single whorl. The pistil is com-
posed of an ovary with four ovules and a style with a
forked stigma. Style and stamens are about 6 mm long and
the diameter of the corolla is from 6—8 mm (Brynpum and
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HepEecart, 1969). The flowers appear in large panicles in the
outer, unshaded part of the tree crown. The flowering
period for an individual inflorescence may last from 2 to
6 weeks.

The first study of some aspects of the reproductive bio-
logy of teak was begun in Thailand and was mainly on
flowering and fruiting (Brynpum and Hepecart, 1969). This
work showed that the major pollinators of teak are insects;
in Nigeria these are Euphaedra janatta B., Belenois calypso
Dr., Acraea bonasia F., belonging to the family Nymphali-
dae and the order Lepidoptera; Nomia tridenta Sm. of the
family Apidae and the order Hymenoptera; Melonospilus

sternalis DarL. of the family Lygaeidae and the order He-

miptera (Ecenti, 1974). Another study by HEepecart (1973)
showed that hand-pollination increased the percentage of
fruit formation in comparison to pollination by natural
agents. This finding led to the present study and the ob-
jectives were as follows:

(1) to determine the extent of pollen and stigma viability

through in vivo and in vitro examination;
(2) to investigate the use of stored pollen for pollination.

Materials and Methods

Three studies were made (1) viability of pollen and stig-
ma in vivo; (2) the viability of pollen in vitro (3) pollen
storage in (a) a vacuum desiccator, (b) a cooled incubator
and (c) a deep freeze.

Material for these three studies was obtained from 10
to 15 year old teak trees growing in plantations at Oni-
gambari near Ibadan in Nigeria. Thirty trees were random-
ly selected from the plantations.

(I) For the in vivo studies, flowers were taken one day
before anthesis (A — 1), on the day of anthesis (A), one day
after anthesis (A + 1), two days after anthesis (A + 2) and
three days after anthesis (A + 3).

After emasculation, fresh stigmata of the day of anthesis
were pollinated with pollen of A—1, A, A+ 1, A+ 2,
A + 3 and bagged. In addition A and A + 1 stigmata were
pollinated with fresh pollen of the day of anthesis (A) and
bagged.

In practice it was not possible to use A—1 and A +1
stigmata as they could not be freed from the remaining
parts of the flower without damage in the case of A —1
because the flowers had not opened and the stigma had
become dry in the case of A + 2. Each bag was numbered
and dated together with the time of day when the pollina-
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