1985), but if this is the case, then the relationship is not
straightforward. The monoterpenes of all the P. radiata
provenances are similar, being composed mainly of a-
pinene and f-pinene (BannisTeR and McDonarp, 1983). In
P. muricata there is wide wvariation in monoterpene
composition. Oleoresin of the Trinidad Head population
is largely a-pinene. For the other northern populations it
is mainly 3-carene, while for the southern populations,
mainly sabinene (Mirov et al., 1966). This variation is not
related to susceptibility to either aphid species in any
simple way.

It is more likely that resistance involves various active
resistance responses (RonrritscH, 1988) as well as anatom-
ical, chemical and nutritional characteristics of the host
(Hanover, 1975) and if so would be polygenically inherited.
Barnes et al. (1976) reported genetic variation in suscep-
tibility to P. pini in several Pinus species in Zimbabwe
(then Rhodesia) and estimated narrow sense heritability
as 0.65 for severity of infestation of P. elliottii. They
also suggested that maladaptation to the planting site
was an important factor predisposing trees to attack.
This could explain why their local population of Pinus
patula was less susceptible to P. pini than provenances
from natural populations in Mexico, even though the pest
had only recently been introduced to southern Africa
and there could have been no direct selection for resist-
ance.

In the trials reported here, the rankings of the prove-
nances for susceptibility to both species of aphid were
stable over both sites, suggesting that there is minimal
genotype x site interaction, even though the soils had very
different nutritional status. However, infestation of P.
muricata by E. thunbergii was much greater at site one,
the less fertile site which is deficient in nitrogen, phos-
phorus, calcium and magnesium (Smpson and Apges, unpubl.
data), suggesting that physiological stress may increase
susceptibility to that species also. )
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Summary

Growth traits, stem straightness and wood properties
were assessed in a hoop pine (Araucaria cunninghamii)

*) Now at: Queensland Wheat Research Institute, PO Box 5282,
Toowoomba, Queensland 4350, Australia

206

progeny trial in south-eastern Queensland at 15 years of
age. Estimates of narrow-sense heritability for height,
diameter and straightness were 0.19, 0.22 and 0.61 respec-
tively. For wood properties, the estimates for spiral grain
angle, compression wood percentage and basic density
were 0.33, 044 and 0.83 respectively. These estimates
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indicated that a range of responses to phenotypic selection
for single traits would occur, with substantial response
expected for basic density. Heritability of spiral grain
angle assessed in wood segments of different ages up to
15 years reached a maximum value of 0.35 near the pith
where phenotypic expression of spiral grain was largest.

Genetic correlations between traits were generally fa-
vourable and ranged from small to medium. The correla-
tions led generally to small or moderately favourable
predicted indirect responses to selection when compared
with direct responses for individual traits. The strongest
adverse genetic correlation (0.16) was estimated for basic
density and spiral grain angle, but only resulted in small
adverse predicted indirect responses for two traits. A
selection index combining growth, straightness and wood
properties was more efficient in selecting for improved
growth, and was not strongly detrimental to other traits.
A strategy of restricting genetic change in basic density
to zero still allowed substantial gains in other traits
without exacerbating the effects of compression wood
or spiral grain. Therefore, it appeared the assessed pop-
ulaton of hoop pine would respond favourably to selec-
tion to improve growth and stem straightness without
adverse effects on wood properties. Implications for the
genetic improvement of hoop pine in Queensland are
discussed.

Key words: Araucaria, heritability, correlation,
growth, straightness, wood properties.

genetic gain,

Introduction

In order to improve the productivity of plantation
forests, tree-breeding programmes exploit, genetically vari-
able populations to develop superior trees. A basic
knowledge of the genetic characteristics of the pop-
ulations is necessary to conduct effective breeding and
selection. Quantitative information is required about the
size of genetic variances, the type of gene action, and the
heritability and genetic correlations for economically im-
portant traits. This enables the outcome of selection,
particularly genetic gains, to be predicted. It also helps to
determine likely difficulties in selection and the strategies
to ovircome such problems. In a wider context, it broad-
ens knowledge of the genetics and breeding behaviour of
the species involved.

In Queensland, the Department of Foresiry conducts a
tree-breeding programme to improve plantation-grown
hoop pine (Araucaria cunninghamii ArtoNn ex D. Don).
The main objectives are to improve the growth rate and
quality of the species (Nikies, 1980). Most emphasis in
breeding and selection has been placed on vigour, and on
quality characteristics such as bole straightness. Wood
properties were not considered in initial selection. Sub-
sequently, candidate trees for inclusion in wind-polli-
nated seed orchards were screened and trees with unsatis-
factory wood properties, such as excessive spiral grain,
were rejected (Smirn, 1980). Wood density in hoop pine is
considered satisfactory for its current range of end uses
and there is no plan at present to change density by
selection.

Very little genetic information about hoop pine popula-
tions is available, particularly for wood properties (Smirs,
1980). Such information is required to guide breeding
strategy and to evaluate the likely results of selection.
However, measurement of wood properties is time-con-
suming and expensive, and usually cannot be undertaken
on young trees which may be suitable for assessments of
growth and form. In Queensland, progeny tests of hoop
pine suitable for studying wood properties have only

recently become available. The aim of this paper is to
present a genetic analysis for a population of hoop pine
to help overcome the general lack of quantitative genetic
information. The genetic analysis will enable preliminary
conclusions to be drawn about the extent to which wood
properties can be improved by selection, the effectiveness
of phenotypic selection for growth and wood properties,
and the likely effects on wood properties of selection for
improved growth and bole straightness.

Materials and Methods

Experimental details

Data for the study came from a progeny trial growing
near Imbil in south-eastern Queensland (latitude 26° 28’ S).
The trial site, on a brown and red-brown clay loam, with
a 10Y to 15° slope, originally carried rainforest which was
cleared in 1937 and planted with kauri pine (Agathis
robusta (C. Moore ex F. MuEtLL.) Baitey). Poor survival of
the kauri pine led to re-clearing of the site and planting
of the progeny trial. The hoop pine seedlings were raised
in a nursery under uniform, intensively managed con-
ditions. Seedlots, sown in February 1967, were maintained
in nursery beds until four months prior to planting in
the field, when the most vigorous seedlings in each seedlot
were transferred to individual planting tubes.

The experimental design used in the field was a ran-
domized complete block with six replications of a single
row plot per treatment. There were 10 trees per row plot.
Seedlings were planted by hand at a spacing of 3.0 m X
24 m in December 1968. Hot, dry conditions at planting
resulted in a 4% loss of seedlings. Losses were replaced
four months after the initial planting. At the time of
this study, after 15 years, survival was better than 95%.

Of the 27 treatments in the trial, 25 were progeny lots
(half-sib families) grown from wind-pollinated seeds
collected from phenotypically superior ortets standing in
plantations around Imbil. The ortets were selected for high
growth rate and good bole straightness. The two remaining
treatments were seedlots of different origin and their data
were excluded. Differences in the flowering behaviour
of the ortets whose progeny were included in the trial
suggested that they originated from at least two different
provenances in south-eastern Queensland. Therefore, dif-
ferences between provenances may have contributed to
the genetic variability measured in this study. However,
for the purposes of this study provenance differences
were ignored because the hoop pine programme has been
based on a single breeding population of trees from dif-
ferent provenances and this study was seeking to deter-
mine parameter estimates applicable to that population.

Measurements

One replication containing trees damaged by wind was
excluded from this study. Three trees per family were
sampled at random from each plot in the remaining five
replications after excluding unrepresentatively small,
damaged and mis-shapen trees. Data recorded included
diameter over bark at breast height (1.3 m above ground),
tree total height, and bole straightness scored on a points
scale from 1 (crooked) to 6 (straight).

To assess wood properties of the sampled trees, a 12 mm
diameter core of wood was taken from the inter-whorl
closest to 1.2 m above ground level using an increment
borer. This wood sample was obtained as either a single
core taken straight through the tree to include the pith,
or as two bark-to-pith cores, one taken at 180° to the
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other. Core sampling was at right angles to the lean of
the tree, or to the prevailing wind direction if no lean
was detectable. This sampling strategy was adopted to
avoid confounding the assessment of basic density in core
samples with large and variable amounts of compression
wood caused by basal sweep. Some trees showed a
pronounced basal sweep, attributable to severe wind
damage at 3.25 years of age. Generally this sweep was
below the sampling point and was therefore avoided.

Wood samples were sealed in plastic bags and frozen
until processed in the laboratory. Grain angle for the
cambial layer was recorded in the field on both sides of
each tree adjacent to the core sampling point using the
methods and equipment described by Harris (1984). The
cambial measurement provided a reference angle for
adjusting grain angles measured on inner core segments.

For laboratory measurements of grain angle and com-
pression wood, the moist wood core from each radius was
machined with an electric planer to give a transverse
section approximately seven millimetres thick. To assess
compression wood, a sector was drawn on the machined
surface from pith to cambium and the section illuminated
from below. The proportion of the sector containing com-
pression wood was obtained by counting dots on an
overlying grid. Results from the two cores for each tree
were averaged to give the percentage of compression wood
in the tree.

Grain angles were measured at six equally spaced points
along each radial core section using a projection mic-
roscope. As detailed in Harris (1984), these were adjusted
to actual grain angles in the tree using field and labora-
tory measurements available for the cambial layer. The
final grain angle for each core segment in each tree was
expressed as the arithmetic mean of the angles for cor-
responding segments from opposite radii in the tree. Mean
grain angle for the whole tree was calculated as the
arithmetic mean of the angles for the six core segments,
ignoring differences in sign. Variation in grain angle
occurring in each tree was quantified by the standard
deviation of angles across the six core segments.

Basic density was measured as the ratio of oven dry
mass to maximum saturated volume for individual cores.
Volume was determined by the method of Heinricus and
Lassen (1970). Data for the two radial cores from each tree
were averaged to give a mean value for the tree. Resin
was not extracted before basic density was determined
because hoop pine lacks resin canals and therefore gener-
ally gives a low yield of extractives.

Analysis

A linear model containing random block, family and
error effects was used for analysis of variance to estimate
variance components for all traits. Standard errors were
calculated using formulae given by Becker (1975). Narrow-
sense heritability (h?) for each trait, expressed on the
basis of selecting an individual tree, was calculated as:

(1) 2= 40% /a2

P
with the phenotypic variance (¢?;) obtained as:

2 _ 2 2 2 2
2 0= 0t ot ot +0f
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where Uib is the variance component for blocks;

azf is the variance component for families;

a*e is the variance component for plots;

and o, 18 the variance component for trees.

Standard errors on h? were estimated using formulae de-
tailed by Gorpon et al., (1972).

Genetic correlations between traits were estimated from
analysis of covariance, and the phenotypic correlations
were estimated by obtaining simple correlation coeffi-
cients of individual tree values. Standard errors for esti-
mates of genetic correlations were calculated using the
method of Tarus (1959), while those for phenotypic cor-
relations were obtained using a formula given by STeeL
and Torrie (1960). Predicted response to selection for each
trait under mass selection was estimated (Becker, 1975) as:

(3) PR = ic ph2

where i is the selection intensity.

Predicted responses to indirect selection for pairs of
traits were also calculated. The indirect response expected
in trait y through selection for trait x was calculated
{(FaLcoNner, 1960) as:

(4 IRy = ibg by T Op(y)

where r_ is the genetic correlalion between traits x and y.
&

The relative selection efficiency of indirect selection for

trait y through trait x was expressed (Searce, 1965) as:
(5)  RSE(yy = Tghny / Byy)

‘fo examine simultaneously the combined effects of
selection on all traits, several multi-trait selection indices
were calculated. These were constructed primarily to help
assess the likely effects of selection in this population of
hoop pine. Standard Smith-Hazel indices, combining six
traits (diameter, height, straightness, basic density, com-
pression wood and mean spiral grain angle), were derived
using the computer program RESI (CorrteriLL and JACKSON,
1981). Sets of economic weights were varied to give equal
emphasis weighting (Correri. and Jackson, 1985), and a
100-fold emphasis on either growth traits alone or on
growth and straightness traits. A restricted index (Corte-
riLL and Jackson, 1981) which constrained genetic change
in basic density to zero was also derived for each set of eco-
nomic weights. The effects of selection using these indices
were assessed by examining the correlated responses pre-
dicted to occur in individual traits. As for indirect selec-
tion involving pairs of traits, the relative selection effi-
ciency of index selection was calculated as the propor-
tion of the direct single-irait response for each trait
achieved by index selection. '

Results and Discussion
Heritabilities
Estimates of means, variance components, heritabilities
and their standard errors for growth, straightness and
wood traits are given in Table 1. Also included is spiral
grain deviation, expressed as the standard deviation of
grain angles across the six core segments. Of the wood
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properties, mean basic density and spiral grain angle are
comparable to those found previously in plantation
grown hoop pine of similar age in south-eastern Queens-
land (SmitH, 1980). The mean compression wood percentage
under-estimates the expression of this character because
sampling perpendicular to tree lean avoided its worst oc-
currence. The extent of the downward bias in estimating
the level of compression wood is likely to be substantial,
but realistic estimates of basic density were considered
more important.

Family wvariance components in “Table 1 were signi-
ficantly greater than zero for all traits, as were the block
components except for spiral grain deviation. Thus genetic
variation was expressed for all traits measured in the
assessed hoop pine population despite initial phenotypic
selection for growth and straightness. The variance among
trees within plots represented the largest component of
variation for all traits, however, ranging from about 42%,
of the total phenotypic variance for height to 95% for
spiral grain.

The heritabilities for different traits in Table 1 vary
widely. However, for mass selection of individual trees,
all fall within a range of intermediate to high in terms
of the likely response to selection. The estimates are
conservative because block variance was included in the
phenotypic variance for each trait. Ignoring block variance
in calculating heritabilities for individual tree selection may
cnnsiderably over-estimate the heritability, particularly
where block variance is relatively large, as for height in
this study (Table 1). Diameter and height had moderate
heritabilities of 0.22 and 0.19 respectively. The herita-
bilities are similar to estimates for other plantation-
grown species in Australia, including P. caribaea var.
hondurensis (Dean et al., 1986) and P. radiata (Dean et al.,
1983). No comparable estimates are available for hoop
pine, although recent studies of other Queensland hoop
pine populations gave similar results (Dean et al., 1988).
Stem straightness had a higher heritability than the
growth traits (0.61, Table 1), which contrasts with lower
estimates for exotic pines in Australia of around 0.3 or
less (Dean et al., 1983; Dean et al., 1986).

The heritability of 0.83 for basic density is very high.
while those for compression wood (0.44) and mean spiral
grain (0.33) are also relatively high (Table 1). Therefore,
these three traits, and in particular basic density, appear
quite amenable to phenotypic selection. Furthermore, it
could be anticipated that the traits will show less genetic-
environmental interaction than the growth traits over a
broader range of environments, given their stronger
inheritance (Table 1). These factors simplify the breed-
ing and selection procedures necessary to manipulate
wood properties in hoop pine.

Published heritabilities for wood density in other spe-
cies vary greatly (NicuorLs et al., 1964; SHELBOURNE et al.,
1969; ZoseL, 1964). Estimates are often high (>0.7) and
comparable with the results obtained in this study.
Twenty-one of the 25 parents were screened for wood
properties prior to this study by sampling the ortets.
Parent-offspring regression using ortet whole core values
and progeny data gave a heritability of 0.66 for basic
density, in reasonable agreement with the main study
estimate. The high heritability of basic density may result
from the slow growth rate of hoop pine. The characteristic
uniformity of its wood and the small pith to bark density
gradient also suggest that wood production is insensitive
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to micro-environmental conditions. Such insensitivity
would enhance the expression of genetic differences.

Compression wood is a significant feature of wood
quality in hoop pine because the species is used exten-
sively in veneer and joinery production. Although wind
damage was expected to influence phenotypic expression
of compression wood rather strongly, the heritability .
estimate of 0.44 was reasonably high (Table 1). It is not
clear how sampling strategy affected the expression of
genetic differences. However, since the strategy attempted
to minimise the sampling of compression wood in each
tree, it is surmised that this reduced the environmental
variance for this trait, making the heritability higher
than would be expected from random sampling of wood
cores from each tree.

For spiral grain, the means, variance components and
heritabilities for separate core segments are given in
Table 2. Mean grain angles across the six segments show
a typical trend, with an early peak in the juvenile wood
and a gradual decline in later-formed wood (NicHorLs,
1967). Heritability estimates vary from 0.12 for segment 2
to 0.35 for segment 3. Apart from the aberrant value for
segment 2, the estimates show a high to low trend from
pith to bark corresponding to that for the segmental grain
angles. This trend has also been found in other coniferous
species (NicHoirs et al., 1964). Heritability for spiral grain
appeared to peak at the time of its maximum phenotypic
expression (Table 2). The decline in heritabilities in later-
formed segments resulted from a large loss of genetic
variance and also a reduction in phenotypic variance
for grain angle. Results for segment 2 deviate from the
general pattern, and may be attributable to the substantial
disorientation of trees resulting from the wind damage
mentioned previously. Such disturbance may have altered
patterns of growth sufficiently to mask the expression of
genetic differences until the trees recovered, although the
mean grain angle for this segment does not seem
anomalous when compared to that for other segments
(Table 2).

Spiral grain heritabilities suggest that responses to
selection should occur for mean pith to bark grain angle
(Table 1), and also for grain angle in juvenile wood close
to the pith where maximum phenotypic expression of
grain spirality occurs (Table 2). However, genetic variance
in juvenile segments close to the pith is much larger, and
larger responses to selection would be expected there for
spiral grain angle. Genetic variation in both mean spiral
grain angle and the standard deviation of angles across
segments (Table 1) indicated there were genetic differences
in the characteristic pattern of grain angles from pith to
bark. Therefore, selection to alter the pattern of ex-
pression of spiral grain would be possible by combining
these two traits in selection to reduce both the level and
variability of spiral grain from pith to bark.

However, a simple alternative strategy would be to
select for reduced juvenile grain angle close to the pith.
This would reduce the strongest expression of spiral
grain, and would also indirectly influence the variability
of grain angles from pith to bark. Such a strategy could
simplify sampling to assess spiral grain by confining it to
a single measurement in situ on juvenile trees, thus
avoiding more time-consuming laboratory analysis.

Genetic and Phenotypic Correlations

Table 3 shows the correlations estimated in this study.
Phenotypic correlations varied from small negative to
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large positive values, while genetic correlations also
varied widely from moderate negative to large positive
values. In some cases, standard errors were large relative
to the estimated values. Consequently, the estimates, partic-
ularly those for genetic correlations, can only be used as a
general guide. Most phenotypic correlations were small,
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apart from those for diameter and height (0.77) and mean
spiral grain angle and spiral grain deviation (0.41). The mor-
phological traits showed stronger and positive genetic cor-
relations, and were also positively genetically correlated
with basic density (Table 3). Compression wood and mean
spiral grain angle showed generally negative and slightly
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for basic density and compression wood to 0.60 for grain

smaller genetic correlations with diameter and height.

Straightness showed moderate negative correlat

th

ions wi

angle and deviation (Table 3). Overall, genetic correlations

were very favourable. Selection to increase growth rate

grain angle and deviation, but not with compression wood.
Genetic correlations for wood traits ranged from -0.29

and stem straightness and to reduce compression wood
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basic density, which would probably have few undesir-
able consequences. Furthermore, the phenotypic correla-

n

lation

would not appear to be limited by strongly adverse genet-

ine popu
ic correlations. It would also lead to only a small increase

hoop pi

is

th:

e in

and mean spiral grain angl

tion between basic density and both diameter and height
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is much lower than the genetic correlation, indicating that
environmental effects acting on these traits are negatively
correlated. This implies that silvicultural changes applied
to improve the growth of hoop pine may reduce basic
density and a small increase through selection may be
necessary to maintain wood density.

Phenotypic correlations for individual segment spiral
grain angles and the other traits (not shown) were similar
to those for mean spiral grain angle given in Table 3.
Genetic correlations between the grain angles in indivi-
dual segments and other traits were variable in mag-
nitude, but similar in sign relative to those in Table 3
for mean spiral grain angle. Thus the consideration of
spiral grain angle in an individual segment rather than
the mean over all segments would not appreciably alter
the direction of selection responses although it could
affect the general size of changes resulting from indirect
selection.

Expected Gains from Selection

Predicted gains from direct selection for individual
traits and the associated effects of indirect selection on
other traits are shown in Table 4. The selection rate of
one in 10 trees chosen for the predictions is arbitrary. It is
likely to be realistic in selection for wood properties, but
not for growth and straightness. However, changing the
intensity of selection for different traits affects only the
size of, and not the relation between, predicted respon-
ses for different traits. Responses to selection for wood
properties other than basic density are negative be-
cause selection would normally be applied to reduce
their expression. The direct responses in Table 4 show
that even a mild mass selection intensity (10% retained)
would effect substantial improvements in straightness and
wood defects. An increase in basic density of about 40
kg/m® (8.4% of the population mean) is also predicted,
should an increase be required.

Indirect selection is generally predicted to be less effi-
cient than direct selection, except for height when
directly selecting for basic density, a result of the higher
heritability for basic density (0.83, Table 1) and the
strong positive genetic correlation between the two traits
(0.69, Table 3). There is little scope for selecting efficiently
for wood properties using either diameter, height or stem
straightness. Indirect responses in wood properties are
generally favourable, but the changes are small relative to
direct selection (Table 4). The exception is for straightness
and spiral grain, where stronger genetic associations lead
to more substantial reductions in adverse spiral grain
properties.

Selection efficiencies indicate no strongly adverse effects
of indirect selection. The worst case is selection for
basic density which would give a concomitant increase in
mean spiral grain angle and spiral grain deviation esti-
mated at about 20Y% to 25% of the direct response to
selection for these traits (Table 4). However, the genetic
correlations are so weak that in practice this could
easily be avoided in selection.

Relative selection efficiencies for individual traits esti-
mated for selection using multi-trait indices are given
in Table 5). Equal emphasis economic weights were applied
by using the inverse of the phenotypic standard deviation
for each trait (CorreriL and Jackson, 1985). Weights for
compression wood and spiral grain angle were negative to
account for selection to decrease the levels of these two
traits. Other economic weights were varied from the

equal emphasis weightings (Table 5). We emphasize that
the purpose in applying these indices was to assist in
assessing the effects of selection, rather than to investi-
gate optimal strategies for multi-trait selection in hoop
pine. No attempt was made to evaluate methods of index
selection as this was beyond the scope of this study.

Even with heavy weighting for diameter, height and
straightness, the wunrestricted index still predicted a
selection efficiency of 0.41 for compression wood, which
was the lowest predicted for unrestricted index selection.
The efficiencies were generally larger than those for in-
direct selection in Table 4, and in the case of growth and
straightness indicated substantial improvements in pre-
dicted gains beyond those expected for direct selection cof
individual traits (Table 5). The improvements-highlighted
the favourable nature of the genetic correlations in this
study, and reinforced the value of index selection in capi-
talising on favourable associations to maximise genetic
gains,

Restricted selection indices which avoided genetic change
in basic density gave reduced efficiencies for all traits
except mean spiral grain angle, relative to unrestricted
index selection (Table 5). However, no trait was adversely
affected, and only compression wood failed to respond
positively to index selection using a restricted index with
heavy emphasis on growth and straightness. In contrast,
response in diameter and spiral grain angle was better
than that predicted for direct selection, while height and
straightness also showed moderately high selection effi-
ciencies (Table 5).

Conclusions

The work reported here has demonstrated that the
studied population of hoop pine has considerable poten-
tial value for breeding and selection. Although the data
came from progeny of trees subjected to prior selection
for growth and straightness, they sample current hoop
pine breeding populations, and results should provide
valid inferences for those populations. However, the in-
ferences may not apply more generally to hoop pine.
From the levels of genetic variances, heritabilities and
genetic correlations estimated, it is apparent that sub-
stantial genetic gains for growth and straightness are
possible without adversely affecting wood quality. Fur-
thermore, there is considerable flexibility and scope for
simultaneous improvement of wood properties. While
there is no need to alter the basic density of plantation
hoop pine at present, its high heritability indicates that
phenotypic screening to maintain existing density stand-
ards should be highly effective. Also, breeding and
selection should be capable of arresting any detrimental
changes in density that might be caused by new silvi-
cultural and management practices.

In selecting for wood properties, it may be possible to
limit the assessment of spiral grain angle to a single
measurement on juvenile trees. The effect would be to
reduce the cost and complexity of collecting spiral grain
data for breeding purposes. Furthermore, simultaneous
selection for several traits (growth, straightness and wood
quality) would best be pursued by an appropriate form of
index selection, which should offer the most effective
method of maximising genetic gains in this population.
Further genetic studies to consolidate the reported
findings are warranted.

215



Acknowledgements

Work by many officers of the Queensland Department of
Forestry over a long period of time enabled this study to be
completed. We gratefully acknowledge the contribution of Dr D.
G. NixLes who planned tnd supervised much of the research
and also encouraged us to conduct the wood study. Substantial
contributions were also made by several other iree-breeding
officers in establishing, maintaining and measuring the progeny
trial, and by the staff of the Wood Structure Laboratory in
providing wood quality data. Critical review comment on the
manuscript by Dr. K. G. Ewpringe and Dr. K. P. Apes was
appreciated.

References

Becker, W. A.: Manual of quantitative genetics. Student Book
Corp., Washington State University (1975). —— CorreriL, P. P.
and Jackson, N.: Index selection with restrictions in tree
breeding. Silvae Genetica 30: 106—108 (1981). —— CorreriLr, P. P.
and Jackson, N.: On index selection. I. Methods of determining
economic weight. Silvae Genetica 34: 56—63 (1985). —— DgaN,
C. A., CorreriL, P. P. and Cameron, J. M.: Genetic parameters
and gains expected from multiple trait selection of radiata
pine in eastern Victoria. Aust. For. Res. 13: 271—278 (1983). —
Dean, C. A., Corterir, P. P. and Eisemann, R. L.: Genetic
parameters and gains expected from selection in Pinus caribaea
var. hondurensis in northern Queensland, Australia, Silvae
Genetica 35: 229—236 (1986). —— Dean, C. A., Nwikues, D. G. and
Harping, K. J.: Estimates of genetic parameters and gains
expected from selection in hoop pine in south-east Queensland.

Silvae Genetica 37: 243—247 (1988). —— FaLconkr, D. S.: Intro-
duction to quantitative genetics. Oliver and Boyd, Edinburgh.
365 p. (1960). —— Gorpon, I. L., Byra, D. E. and Baraam, L. N.:
Variances of heritability ratios estimated from phenotypic vari-
ance components. Biometrics 28: 401—415 (1972). —— Hagris, J. M.:
Non-destructive assessment of spiral grain in standing trees.
N. Z. J. For Sci. 14: 395—399 (1984). —— HeEinricus, J. F. and
Lassen, L. E.: Improved techniques for determining the volume
of irregularly shaped wood blocks. For. Prod. J. 20: 24 (1970). ——
Nichorts, J. W. P.: Some aspects of the genetic and environ-
mental control of spiral grain in Pinus species. 14th IUFRO
Congress, Munich (1967). —— NicHous, J. W. P., DapswerLl, H. C.
and Fiewping, J. M.: The heritability of wood characteristics of
Pinus radiata. Silvae Genetica 13: 68—71 (1964). —NikiLes, D, G.:
Realized and potential gains from using and conserving genetic
resources of Araucaria. Proc. IUFRO Meet. on Forestry Problems
of the Genus Araucaria, Curitiba, Parana, Brazil. p. 87—95 (1980).
—— Searie, S. R.: The value of indirect selection. I. Mass selec-
tion. Biometrics 21: 682—707 (1965). —— SHEeLBOURNE, C. J. A., ZoBEL,
B. J. and SronecypHer, R. W.: The inheritance of compression
wood and its genetic and phenotypic correlations with six other
traits in five-year-old loblolly pine. Silvae Genetica 18: 43—47 (1969).
—— Swrra, W. J.: The wood utilization potential of the Araucarias.
Proc. IUFRO Meet. on Forestry Problems of the Genus Araucaria,
Curitiba, Parana, Brazil. p. 265—285 (1980). —— StEeeL, R. G. B. and
Torrie, J. H.: Principles and procedures of statistics. McGraw-
Hill, New York. 481 p. (1960). —— Tarus, G. M.: Sampling errors
of genetic correlation coefficients calculated from analyses of
variance and covariance., Aust. J. Stat. 1: 35—43 (1959). —— ZosgkL,
B. J.: Breeding for wood properties in forest trees. Unasylva
16: 89—103 (1964).

Giemsa C-Banded Karyotype in Quercus L. (0Oak)
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Abstract

A detailed karyotypic investigation by Giemsa C-
banding in three species of Quercus: Q. robur, Q. petraea
and @. rubra has revealed a general interspecific uniform-
ity with respect to C-banded patterns and karyomorpho-
logy. However, the different chromosomes can be iden-
tified and paired on the basis of C-bands. A similar
constancy in nuclear DNA amounts is also noticed. One
B-chromosome has been found in all the three species
of oak investigated.

Key words: Quercus, oak Fagaceae, Giemsa C-banding, Karyo-
type analysis, nuclear DNA, B-chromosome.

Introduction

Quercus belongs to the family Fagaceae which repre-
sents the most important source of timber among the
broad-leaved species of the northern hemisphere. Oak
wood is specially known for its strength, durability and
all-round usefulness. A good amount of work has been
done in population genetics, hybridization and speciation
in North America and Europe. However, cytological stud-
ies are restricted to only chromosome numbers. No

1) present address: Cytogenetic Laboratory, National Botanical
Research Institute, Rana Pratap Marg, Lucknow-226 001, (U.P.),
India
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thorough karyological studies using modern banding
methods are available for Quercus. Proper identification
of chromosomes with the help of C-bands, on the one
hand, is essential in the systematics of the species and,
on the other hand, for a clear understanding of the chro-
mosomal basis of somaclonal variation in the micre-
propagated plants. Micropropagation is being increasingly
carried out in oak for clonal propagation and conserva-
tion of elite genotypes (Anuja, 1986). The present study
deals with a detailed karyotypic analysis of three oak
species.

Materials and Methods

Three species of oak, viz, @. robur L., @. petraea LiesL.,
and @. rubra L. were employed for cytological studies.
Root tips were taken from potted plants grown at the
Institute of Forest Genetics and Forest Tree Breeding ai
Grosshansdorf. These were pretreated in 0.002 M agueous
solution of 8-hydroxy-quinoline at 15° to 16° C for three
hours and fixed in 1:3 acetic alcohol overnight. After
washing twice for 30 minutes each in 0.1 M citrate buffer
pH 4.7, root tips were macerated in 1% w/v pectinase at
37° C for two hours, and subsequently in 0.25% w/v
cellulase for 15 minutes, again washed in 0.1 M citrate
buffer (ph 4.7) for 10 minutes and squashed in 45% acetic

Silvae Genetica 39, 5—6 (1990)



