able reagent, causing complete spindle inhibition and
repeatable chromosome contraction.

Summary

Karyotypes were determined for six species of Abies
using female gametophyte tissue. No specific differences
were observad and it is felt that these rnay be obscured by
differences due to position in the mitotic cycle and to
method of measurement.

The Abies karyotype is characterized by having three
chromosomes that are distinctly heterobrachial. Two ad-
ditional chromosomes rnay or rnay not be heterobrachial.

Solutions of 1% and 0.5% colchicine and 0002 M 8-hy-
droxyquinoline were compared for their effects on spindle
inhibition and chromosome contraction in root tips. 8-hy-
droxyquinoline alone and in combination with colchicine
proved unsuitable for use with Abies chromosomes. The
optimum treatment appeared to be five hours in 1% col-
chicine. This resulted in complete inhibition of spindle
formation and in 37% and 39% contraction of the shortest
and longest chromosomes.

Zusammenfassung

Titel der Arbeit: Karyotyp-Analyse bei Abies.

Von 6 Abies-Species wurden die Karyotypen am Gewebe
des weiblichen Gametophyten festgestellt. Es wurden kei-
ne arteigenen Unterschiede beobachtet. Diese kdnnen aber
auch infolge von Besonderheiten verborgen bleiben, die
vom Mitosezyklus und der MeBmethode herrihren.

Der Abies-Karyotyp wird durch 3 Chromosomen charak-
terisiert, die distinkt heterdbrachial sind. Zwei weitere
Chromosomen kdnnen zusatzlich manchmal heterobrachial
sein.

Verglichen wurden nun die Effekte von 1% und 0,5%
Colchicin und von 0,002 M 8-Hydroxychinolin auf die Spin-
delhemmung und auf die Chromosomenkontraktion i n Wur-
zelspitzen. 8-Hydroxychinolin allein und in Kombination
mit Colchicin war nicht geeignet fur Abies-Chromosomen.
Dagegen war eine 5stiindige Behandlung mit 1% Colchicin
optimal. Dabei ergab sich eine komplette Hemmung der

Spindelbildung und eine Kontraktion von 37% bzw. 39%
der klrzesten bzw. langsten Chromosomen.

Résumé

Titre de l'article: Analyse des karyotypes de sapins.

On a déterminé les karyotypes de six espéces de sapins
a partir des tissus du gametophyte femelle. On n'a remar-
qué aucune différence spécifique, mais on pense que celles-
ci peuvent étre masquees par des differences dues a la
position dans le cycle mitotique et a la méthode de mesure.

Le karyotype du sapin est caractérisé par trois chromo-
somes qui sont nettement hétérobrachiaux. Deux autres
chromosomes peuvent étre hétérobrachiaux, mais pas tou-
jours.

On a comparé les effets de solutions de colchicine a 1%
et 0,5% et de I'hydroxyquinoline 0,002 M 8 sur l'inhibition
du fuseau et la contraction des chromosomes dans les ex-
trémités des racines. L'hydroxyquinoline 8, seule et com-
binée a la colchicine s’est révélée impropre pour les chro-
mosomes de sapins. Le traitement optimum semble étre
cing heures dans la colchicine a 1%. Ceci a entrainé l’in-
hibition totale de la formation du fuseau et une contrac-
tion a 37% et 3% des chromosomes les plus courts et les
plus longs.
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Introduction

Selection for wood characteristics in tree improvement
Programmes has been a feature d forest research during
recent years and has stimulated widespread interest in
the inheritance of woud properties.

Most of the studies have been based on species o the
genus Pinus and this information has recently been sum-
marized by ZoseL (1961). He has warned of the confusion
which rnay arise from quoting heritability results without
indicating the methodused in the calculation, the age of
trees examined and the eonditions of environment for
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which the estimates were obtained.

It is useful to report estimates of gains as well as
heritabilities from an inheritance study, but values of ex-
pected improvement rnay be o little significance if the
results are derived from experimental material which is
young compared with the harvest age. This follows because
of the changes in heritability of a wood property with age
(ZoseL, 1961), but it is not implied that inheritance studies
conducted on young trees are not of great importance; in
fact they rnay be the only ones available until they can be
supplemented by results from more mature subjects.
Furthermore it is prefenable to investigate a variety of
properties in the material for examination so that genetic
correlations between features rnay be calculated, as these
too are of great interest in tree improvement work.



Material and Methods

The present investigation follows an earlier one in which
gross or broad sense heritability values were determined
on samples from clones and seadlings of Pinus radiata
(DapswgeLL et al.,, 1961). In it, estimates of narrow sense
heritability have been derived by analysis of variance
among open-pollinated groups of progeny of this same
species. Some 495 trees from a 1952 planting have been
examined, and determinations carried out for such wood
characteristics as ring width, percentage late wood, per-
centage longitudinal shrinkage, average fibre length,
basic density and spiral grain.

Sampling procedure in relation to between-tree com-
parison has been discussed recently for average fibre length
{NicuorLLs and DaADSWELL, 1962) and spiral grain (NICHOLLS,
1963). For the precise comparison of wood properties in
the case of an even-aged population, such as in the present
study, it has been suggested that individual sampling
heights be adjusted so that all specimens contain the same
number of growth rings (Ricuarpson, 1961). This require-
ment is complicated by the difficulty of establishing ring
identification, but for the specimens involved it was met
to the extent that ring counts between specimens varied
only by one.

To carry out determinations of six wood features on
495 specimens was a time consuming task so that it was
only practicable to examine one growth ring. For this the
1960-61 growth ring (seventh growth ring from the pith in
most cases) was chosen because it was the last completely
formed growth ring. However, in view of the large varia-
tion in heritability for ring width and spiral grain reported
between rings 2—8 inclusive and rings 6, 7, 8 (DADSWELL
et al., 1961), extra determinations for these two features
were carried out on the 1957—58 growth ring (fourth ring
from the pith). Thus heritability estimates and genetic
correlations could be calculated for six features on the
1960—61 increment and for spiral grain and ring width in
the case of the 1957—58 growth ring.

The specimens for examination were obtained from
Pinus radiata trees growing in the Australian Capital Ter-
ritory. The trees were sampled by the method of Brown
(1958) at the mid-point of the internode closest to a nominal
breast height, the actual height being varied so that each
specimen contained seven or eight growth rings. Each
specimen was approximately 2 cm wide and 7 cm deep, and
extended from bark to bark through the pith in a north-
south direction. However, if the tree was crooked at the
point of sampling then the specimen was taken in the
direction of the bend. As soon as it was removed from
the tree, each piece was placed in water and kept im-
mersed until needed for examination.

The stand which was sampled was planted in 1952, to
test the rate of growth of open-pollinated seedling prog-
enies from trees which had been selected on the basis of
vigour, form and branching characteristics. With the ex-
ception of one, a hybrid between P. radiata and P. at-
tenuata, the selected parent trees are typical examples of
plantation-grown P. radiate and, as far as is known, are
unrelated. The seed from the parent trees was obtained
from open-pollinated cones belonging in almost all cases
to two or more different crops.

The experimental plantation contains progeny from
thirty-three of these selected trees. In each of five blocks
the thirty-three progeny groups were randomly allocated
to thirty-three plots or rows, the progeny from one parent
being confined to a single twenty-tree row in each block.

Specimens were taken from the first three trees in every
plot, providing in all 495 specimens for examination.
Though every effort is made in an experimental design of
this nature to keep environmental variation to a minimum,
small differences are often unavoidable. In the present
case, after the plantation was laid out, one of the blocks
was found to be noticeably moister than the other four.

Determination of Wood Characteristics

The following measurements were carried out on green
material from the 1960—61 increment in the shorter of the
two radii of each specimen.

Ring Width. — This was measured using a low power
lens in association with an engraved scale reading to
0.1 mm. The 1957—58 ring in the shorter radius was also
measured.

Percentage of Late Wood. — The width of the late wood
was measured using the above lens and scale, disregarding
dense material in false rings.

Longitudinal Shrinkage. — This was determined on
pieces 25 mm long and 6 mm wide with the grain direction
parallel to the 25 mm side, taken from the late wood in
each specimen. Shrinkage was referred to the oven-dry
condition.

Average Fibre Length. — The last-formed late wood
from the growth ring for examination was macerated in
a mixture of equal quantities of 100 volume hydrogen
peroxide and glacial acetic acid by heating in a boiling
water bath for 2 hours. Freed fibres were washed well
and sampled. In each case approximately fifty whole fibres
taken at random were measured, using a projection mi-
croscope and a magnification of 40 diameters.

Basic Density. — This property (the ratio of oven-dry
weight to green volume) was determined on the whole
growth ring which had previously been treated with an
alcohol-benzene mixture to remove the resinous infiltrates.

Spiral Grain. — The grain direction in the late wood of
the 1960—61 and 1957—58 growth rings of each specimen
was measured with respect to the pith direction.

Results

The results of the various determinations were tabulated
separately for the 1957—58 and 1960—61 growth rings. Care

was taken to ensure the correct matching of growth rings

using easily identifiable features in the 1955—56 and 1959 —
60 rings.

All results were submitted to statistical analysis to
separate components of variance. For material which is
propagated by sexual means, such as the progenies for
examination in the present study, non-additive genetic
variance caused by dominance and epistasis cannot be
passed on to the next generation, so that the term herit-
ability is used in the narrow sense. This is defined by
LusH (1937) as the ratio of the additive genetic variance
to the total phenotypic variance in the population:

2
i. e. narrow sense heritability h? = :LZ

P
Variance components have been estimated from analyses

of variance of the following form:

Degrees of Expectation of

Source Freedom Mean Squares
Between blodks (b) 4
Between progeny groups (p) 32 oy’ + 3°bp2 + 15c;p2
Interaction (b X p) 128 o2+ 3°bp2
Within plots (w) 330 i
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The environmental variance includes plot and block
components and so is defined as oy® + 0,,% the genetic
component is 6,% The method of estimating heritability for
wind-pollinated progeny, however, will depend on the
relationship between members of a progeny group. At-
tention has been drawn to this point by SouiLLace et al.
(1962) and vanNn BuiteNen (1962). If the relationship is as-
sumed to be half-sib, the estimate of heritability is given
by:

I

ap2 + o2 + °bp2
‘where 40, is the estimate of the additive genetic variance,
and o,* + 6,2 + op,? is the estimate of phenotypic variance.
However, consideration of pollen distribution patterns
such as that obtained by CoLweLL (1951) would indicate that
the estimate of additive genetic variance should be modi-
fied because of the probability that a proportion of the
within~group relationship will be full sib. The estimate of
the additive genetic variance should be revised therefore,
and will lie between 20,% and 40,%

Estimates of narrow sense heritability for the 1957—58
and 1960—61 growth rings are set out in Table 1. The
values quoted are on the assumption of a half-sib rela-
tionship and will accordingly be reduced to some value
between these figures and one half of them.

Table 1 also tabulates gross heritability estimates pre-
viously obtained for the means of growth rings 6, 7, 8
from the pith (DabsweLL et al., 1961) for comparison with
the narrow sense heritabilities obtained for the 1960—61
growth ring (ring 7 from the pith).

Table 2 sets out mean squares used in the analyses, ana
it is apparent from the variance ratios that there is a sig-

h2

Table 1. — Narrow sense heritability estimates for 1957—58 and
1960—61 growth rings together with gross heritability estimates
reported by DapswerLL et al. (1961).

Narrow Sense , 5
Heritability Gross Heritability
Estimates*)
Feature 1957-58 1960-61 Based on | Based on
Specimens|Specimens
Growth | Growth from from
Ring Ring Clones | Seedlings
Ring width 0.00 0.05 ns .63** .50
Percentage late wood 0.14 ns 72 45
Average fibre length 0.28* 81 .86
Basic density 0.16 ns 75" .53
Longitudinal
shrinkage 0.00 74 NE
Spiral grain 0.44** 0.24* .28 ns NE
*) calculated on the basis of half sib relationship within progeny
groups

ns not significant
* significant at 5 per cent. level
** significant at 1 per cent. level
NE no estimate made

nificant difference between blocks. This has already been
mentioned and is explained on the grounds that one block
was moister than the others. This has had some small ef-
fect on the results in that the interaction mean square is
slightly larger than the within plot mean square, tending
to increase the estimate of environmental variance com-
pared to a uniform environment.

Analyses of covariance between the following pairs of
properties were calculated:
Spiral grain — ring width,
Percentage late wood — basic density,
Ring width — basic density,
Fibre length — basic density.

From these, and the corresponding analyses of variance.
estimates of genetic correlations were obtained but in no
case was the correlation found to be significant.

Discussion of Results

It is to be stressed that heritability is a property of a
population and of the environmental conditions pertaining
to the individuals of that population. Therefore, the results
are strictly speaking applicable only to the P.radiata trees
which have been examined. However, some inferences may
be drawn from these results which have a wider applica-
tion, especially when viewed in conjunction with the
results previously obtained from clones and seedlings
grown in the same area (DapsweLL et al., 1961).

Though it is known that the heritability of a wood
property will change with age of tree (Zosrr, 1961), the
pattern of change for all characteristics is not known. ZoseL
surmised that spiral grain may show a decreasing herit-
ability with increasing age of tree, and in fact this con-
jecture is supported by the present results, where the
estimate for this feature has decreased from 0.44 (fourth
ring from pith) to 0.24 (growth ring 7 from pith). This trend
was also noticeable in the earlier work (DapsweLL et al.,
1961).

The value of 0.16 for the narrow sense heritability of
basic density is of the same crder as that previously re-
corded by FieLpiNng and Brown (1960) who reported an esti-
mate of 0.20 for determinations carried out on 6 year old
open-pollinated P. radiata trees grown in the Australian
Capital Territory.

The heritability estimate of 0.28 for average fibre length
is low compared to the values obtained by Goccans (1962).
He reported narrow sense estimates of 0.54 and 0.77 in the
case of early wood fibre length and 0.97 and 0.85 for the
heritability of late wood fibre length. His material for
study was obtained from 8 year old open-pollinated P.
taeda progenies which were laid out in a block layout
rather than in rows and Gocgans has referred to the fact
that there were only two replications in his experimental
design and the progenies were “growing under rather uni-

Table 2. — Mean squares for five wood features for two growth rings.

Per Cent. | Average Basic .
Ring Width Late- Fibre Density Spiral Grain
Source D.F. kit Length
1957-58 1960-61 1960-61 1960-61 1960-61 1957-58 1960-61
ring ring ring ring ring ring ring
Between blodks 4 42.92 57.31 57.75 0.6106 | 16620 10-6| 29.98 20.16
Between progeny groups 32 4.17 5.38 11.68 0.2109 1980X10-6| 25.90 21.63
Interaction 128 4.36 4.68 7.82 0.1173 1291 X 10-6 9.94 11.75
Within plots 330 2.92 2.90 6.34 0.0673 997 X 10-6 8.05 9.53
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form conditions”. This tends to reduce the estimate of the
environmental variance and inflate the estimate of herit-
ability compared to conditions encountered in practice.
The same arguments already presented in respect of re-
lationships within progeny groups also apply to GocGans’
results so that the true estimate of heritability may be
reduced to one half the reported values.

The lack of significant genetic correlations between the
pairs of features which were tested is also relevant to tree
improvement work. Indications from this investigation
suggest that selection for desirable features such as basic
density and fibre length may be carried out independently
of one another and without prejudice to rate of growth as
expressed by ring width.
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Summary

Determinations of a number of wood characteristics have
been carried out on specimens taken at approximately
breast height from 10 year old open-pollinated progenies
of P. radiata. Ring 'width, percentage late wood, fibre
length, longitudinal shrinkage, basic density and spiral
grain were determined for the seventh growth ring from
the pith; ring width and spiral grain for the fourth growth
ring.

From the results estimates of heritability in the narrow
sense were derived by analysis of variance. Significant
values were obtained for fibre length and spiral grain but
estimates from open-pollinated progenies cannot be pre-
cisely evaluated. Genetic correlations between selected
pairs of features were not found to be significant.

Zusammenfassung

Titel der Arbeit: Die Heritabilitdt von Holzeigenschaften
von Pinus radiata.

An zufidllig aus 10jahrigen windbestdubten Nachkom-
menschaften genommenen Biumen von Pinus radiata wur-
de etwa in Brusthoéhe eine Reihe von Holzmerkmalen be-
stimmt. Ringbreite, Spéitholzprozent, Faserlinge, Lings-
schwindung, Raumdichte und Drehwuchs wurden fiir den
siebten Jahrring vom Mark bestimmt, Ringbreite und
Drehwuchs auch fiir den vierten Jahrring.

Aus. den Ergebnissen wurden mit der Varianzanalyse
Schitzwerte fiir Heritabilititen i.e.S. abgeleitet. Signifi-

kante Werte fiir Faserlinge und Drehwuchs konnten er-
halten werden, aber Schitzungen an windbestidubten Nach-
kommenschaften konnen nicht genau bewertet werden.
Genetische Merkmalskorrelationen in herausgegriffenen
Merkmalspaaren wurden als nicht signifikant befunden.

Résumé

Titre de l’article: L’héritabilité des caractéres du bois de
Pinus radiata.

La détermination d’'un certain nombre de caractéres du
bois a été réalisée sur des échantillons prélevés approxi-
mativement a hauteur d’homme sur des descendances in-
dividuelles de Pinus radiata agées de 10 ans et obtenues
par pollinisation libre. La largeur du cerne, le pourcentage
de bois d’été, la longueur des fibres, le retrait longitudinal,
la densité et la fibre torse ont été déterminés pour le sep-
tiéme cerne de croissance a partir du coeur, (la largeur des
cernes et la fibre torse pour le quatriéme cerne).

De ces résultats, on a tiré des estimations de I’héritabi-
lité au sens strict par analyse de variance. On a obtenu des
valeurs significatives pour la longueur des fibres et la fibre
torse, mais on ne peut faire d’estimations précises pour les
descendances obtenues par pollinisation libre. Les corréla-
tions génétiques entre les couples de caractéres choisis ne
se sont pas révélées significatives.
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