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Introduction

For many years the emphasis in forest genetics studie;
and forest tree improvement research has been primarily
on increasing yields, improving tree form, obtaining resist-
ance to insects or diseases or to producing a tree able to
withstand new or different conditions. Only during the
past 5to 10 years has much attention been paid to wood, and
even then most of the emphasis has been on variation pat-
terns within the tree, between trees, and between different
sites and geographic areas rather than on inheritance per
se.

Interest in genetics of wood has now become widespread.
But to intelligently use genetics as a tool to improve wood,
we need to know everything possible about inheritance
patterns of specific wood characteristics. This article is
written in response to a request to summarize present
knowledge about inheritance of wood properties. The field
of research in wood genetics is rapidly expanding with a
large number o studies now underway, some of which are
presently far enough advanced so that results are becoming
available. Thus, by the time this article is published, there
will undoubtedly be new and better information about
inheritance of wood properties than was available when
it was written in October, 1960.

In order to attain its objectives, the present article will
be divided into: (1) Measurements d Inheritance. (2) Pres-
ent Knowledge of Inheritance in Wood. (3) Studies Yield-
ing Supplementary Information. Examples will be mainly
drawn from coniferous species. No separate "Review of
theLiterature" will be included, but references to pertinent
literature will be scattered throughout the text.

M easurement of Inheritance

To simply speak of inheritance as being strong or weak
is rather meaningless, although this must be the first ap-
proach. Thus, lists of important wood characteristics and
their possible influence by genetics and environment
(ScHREINER, 1958, DapsweLL and Warpropr, 1960) have been
very helpful when used as a guide. But to be o maximum
value, inheritance must be expressed in some manner that
has a definitive meaning for all. Unfortunately, this degree
of precision has not always been attained in forest genet-
ics, and scattered throughout the literature are many
vague, and sometimes questionable, measures o inherit-
ance. Such a situation can be misleading and often danger-
ous, with the result that published figures may be taken,
re-cited subsequently many times, and often given signif-
icance which the original author never intended. This
unhappy situation hasdeveloped especially in wood studies;
thus, | feel compelled to caution about the potential danger s
and to emphasize care in interpreting published results.

Especially in a new field such as wood genetics it is na-
tural to be enthusiastic and excited about any results
obtained. This tendency in no way implies intellectual dis-
honesty, for in this new field & work all o us are eager
to publicize any inheritance patterns that might seem to
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have emerged. The result of all this can be exemplified by
the typical query, "What should | do? | can obtain herita-
bilities from .21 to 45 from the same data, depending on
the formula used and the interpretation of the answers
obtained." Whichever o these figures becomes incorpo-
rated in the mainstream o literature could have a far-
reaching influence on initiation of future genetic investi-
gations in that area.

One way of expressing inheritance is through use o the
long-accepted term "heritability," which is still being em-
ployed in crop and animal breeding. Expressing the genet-
ic control by means of heritability is the most common
method currently used in forestry; and if properly inter-
preted, it can be very valuable. One prominent plant breed-
er recently criticized the excessive emphasis on heritability
by the forest geneticists and pointed out that what is need-
ed isa knowledgeof the genetic gain. Most of the published
heritabilities are for seedlings or young stands, and it is
important to remember this when interpreting results.
Although our present state of knowledge isoften not enough
to accurately determine genetic gain, yet we must at all
times remember that not heritability per se, but genetic
gain is our ultimate interest.

Very simply stated, heritability is the relationship of the
heritable portion of the variability of a specified charac-
teristic compared to the total variability of that charac-
teristic. For plants and animals it is used usually in re-
ference to the portion of additive genetic variability, thus
providing an indication of the genetic gain possible for the
characteristic under consideration. Other concepts of her-
itability are referred to in the literature; especially in
forestry literature, distinguishing between heritability in
the narrow sense or heritability in the broad sense has been
stressed. Topa (1957) makes a clear explanation of these
differences. He states, "When the material is propagated
by sexual means, the non-additive effects of individual
genotypes cannot be passed on to their progenies, so the
term heritability must be employed in the narrow sense —
when vegetative propagation is used, the effects of domi-
nance and epistasis are passed on the next generation be-
cause the genotypes of individuals are transferred un-
changed. So the term heritability may be ernployed in its
broad sense.” His definitions are based on ideas of Lusa
(1949).

Both of these terms for heritability have been used to
describe wood characteristics. FieLbing and Brown (1960)
calculated heritability of wood specific gravity in both the
narrow and the broad sense, although they use the term
”gross heritability" meaning essentially the same as her-
itability in the broad sense. For wood specific gravity,
these authors obtained heritabilities in the broad sense
(gross heritabilities) of 0.7, 0.5, and 0.7, while their narrow
sense heritability of specific gravity was 0.2. Similar resulti
were obtained by Topa et al. (1958) who obtained heri-
tabilities in the broad sense of 68% (0.68), and in the nar-
row sense of 27% (0.27) for heigth growth of Cryptomeria.
As can be seen, it is absolutely necessary for the writer to
clearly state and for the reader to clearly understand
whether the heritability figures quoted are in the narrow
or in the broad sense.



One further point regarding heritability needs to be
clarified. It is not a constant factor for all conditions, and
will change with tree environment and with tree age.
Because the heritability estimate is based on total varia-
tion, anything (such as environmental differences) that
causes greater variability will automatically change the
heritability figure obtained. In general, the more restrictive
and uniform the site under which a particular test is con-
ducted, the greater will be the heritability value obtained.
Thus, a heritability estimate of specific gravity for any
given characteristic will undoubtedly be different if the
test is made on trees growing on a well-drained, fertile
site, or on an infertile, deep droughty sand site. Because
of this influence of differences of environment, all publish-
ed heritability figures should state under what conditions
the tests were made. A similar change will be observed
with age of the material tested; thus, for example, it is
very possible that heritability of tracheid length will change
with age of the tree when the wood was laid down. It
might be very low in seedlings and very high in mature
trees or vice versa. This potential change with age was
aptly pointed out by FicLping and Brown (1960), and it
necessitates all the more that each heritability figure be
translated in terms of age and environment. This situation
is particularly critical now since most of the published
results for wood studies are based on seedlings or young
trees. Thus, obtaining a high heritability now may not
necessarily be of too much significance at the really impor-
tant time, when the tree is to be harvested. Conversely,
failure to obtain high heritability from young progeny
tests should not be taken as a final indication that this
characteristic will be of no importance at the specific or
the desired age of maturity. Eventually, heritability as
well as “repeatability will be obtained for trees at age
of harvest; in the interim our heritability information
should be regarded merely as indicative.

In summary, then, in our appraisal of heritability figures
on wood properties we must constantly ask ourselves:
(1) What kind of heritability? (2) Under what environ-
mental conditions was it determined? and (3) To what age
trees does it apply? (4) How was heritability estimated?
Failure to evaluate heritabilities in this scrutinizing man-
ner will lead to trouble and error in using genetics to
improve wood characteristics.

Present Knowledge?) of Inheritance in Wood

Much research is currently underway on genetic phases
of wood properties, some of which has been completed
while this manuscript is being written, and is now in press.
In many reports the results are not too specific. In others
heritabilities are reported, but practically none gives ac-
tual figures for gains that might be achieved through the
use of genetics to improve wood. For simplicity in this
paper, wood properties in general will be divided into
several categories or groups of properties. Information of
this kind was partly covered in a recent report to the World
Forestry Congress (ZosgL, 1960).

I.TracheidLength

There are many general references to tracheid length
inheritance in the literature. For example, GReeNE (1956),
and Jackson and GreenE (1957, 1958) reported that for slash
pine (P. elliottii) and loblolly pine (P. taeda), the genetic
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factor has a controlling influence, and that tracheid length
of the progeny was more influenced by the female than
by the male parent. They did not express heritabilities
quantitatively, but stated that progeny from parents with
long tracheids had longer tracheids than progeny from trees
with short tracheids. For hybrid larch, (Larix eurolepis)
CHowDHURY, (1931) reported that springwood tracheids fa-
vored the female parent while summerwood tracheids
were intermediate between the two parents, his results
being somewhat similar to those of GreenNe (1956). WELL-
woop (1960), found that for second-growth hemlock ”there
is an apparent genetic effect whereby trees having trach-
eids either initially shorter or longer than average will
retain that feature as they continue to grow.“

On a survey of tracheid lengths of 15 loblolly pines of
the same age, and of the same crown class (growing together)
KRraMER (1957) determined the individual tree variation and
tried to tie this to factors that might cause tracheid length
to vary. He found no relationships, and cautiously con-
cluded that “genetic control may well be involved in the
determination of tracheid lengths in an individual tree.“
Many similar studies have inferred genetic control, or have
attempted to give a basis for such inference. In his sum-
mary paper, ScHREINER (1958) states without reservations
that there is considerable evidence for the heritability of
fiber length. Large tree-to-tree variability has been repeat-
edly demonstrated in a number of studies (ZoseL, et al,
1960), but care should be excercised not to construe unex-
plained variation de facto as genetic control. It is tempting
to reason that large tree-to-tree variation, whose patterns
are repeated over and over again under all environments
in the species range, is caused by heritable factors. But
such tacit jumping to conclusions is dangerous. Informa-
tion on tree-to-tree variation per se can be of great value,
but still tells little about the magnitude of genetic gains,
if any, that might be achieved.

One of the few publications in which actual heritabili-
ties were reported for tracheid length is by DapsweLL et al.
(1960). The authors made gross heritability (broad sense)
estimates, based both on clonal and seedling progeny. They
reported results for growth rings 2 to 8, and also for growth
rings 6 to 8 (Table I1).

Table 1. — Broad Sense Heritabilities for Tracheids of Pinus radiata
(from DapaweLL et al., 1960)

Clonal Seedling
Rings 2—8 73 .83
Rings 6—8 .81 .86

The authors caution about possible weaknesses of their
study including lack of sufficient replications and the young
(8 years) age progenies which may reduce the reliability
of the results. Despite these shortcomings and any quest-
ions that might be raised with respect to the meaningful-
ness of the exact figures, it is noteworthy that they found
a relatively high gross heritability, which is concordant
with the more generalized results to which previously cited
authors have referred.

A number of studies have indicated variation in tracheid
length with geographic location of the species. Such studies
on variation of tracheid length in natural stands with
geographic source were started a number of years ago (LEE
and SmutH, 1916). Many reports are available for differences
among geographic areas (Bissert et al., 1951). For example,
a recently completed study on loblolly pine in the south-
eastern United States (ZoseL et al., 1960), showed a defi-




nite increasing trend in tracheid lengths from S. to N. from
trees in natural stands (Fig. 1).

II. SpecificGravity

Wood specific gravity is often spoken of as being a single
characteristic, and may be so considered from the use
standpoint. As pointed out by ScHREINER (ZoBEL, 1956), ge-
netically it consists of a complex of characteristics, each of
which contributes to the overall specific gravity. For ex-
ample, per cent summerwood is one factor influencing
specific gravity; another is the actual cell dimensions,
including wall thickness and cell diameter. Undoubtedly,
each factor contributing to specific gravity is genetically
complex in itself. Despite this complexity, all present pub-
lished studies deal with specific gravity as a unit, and thus
the heritabilities are, therefore, based on a complex of
characteristics. It is important to keep this complex nature
of the characteristic clearly in mind.

At the present time, specific gravity is the most inten-
sively studied wood characteristic because of its economic
importance and because of its relative ease of measure-
ment. Currently, many studies are underway, and results
of a number will soon be published; thus, data on herita-
bilities in wood specific gravity are now becoming avail-
able. For example, FieLpinc and Brown (1960), and Daps-
weLL et al. (1960), found the heritabilities of specific grav-
ity for Monterey pine as indicated in Table 2.

Table 2. — Heritabilities for Wood Specific Gravity of Pinus radiata
(from DapswerL et al., 1960, and FieLping, 1960)

Broad Sense
Description of Progeny Heritability Narrow Sense
Clonal Seedling Y
19 year 0.7 — _
20 year 0.5 _ -
13 year 0.7 —_ —
6 year — — 0.2
8 year (rings 2 10 8)
Whole ring 0.74 0.57 —
Latewood 0.45 — _
8 year (rings 7 & 8)
Whole ring 0.75 0.53 | —
Latewood 0-54 — } —

The one determination of heritability in the narrow sense
is based on 14 open pollinated progenies and, as the authors
point out, cannot be considered as very definitive. Howev-
er, it does indicate the degree of inheritance; although 0.2
is not high, it is considered to represent a useful increase
for a quantitative characteristic so complex as specific
gravity and suggests that real gains through selection
should be possible.

A large number of authors report ”inheritance® of spe-
cific gravity in general terms. For example, progeny from
wind-pollinated seed from parent trees with the highest
specific gravities produced progeny with higher specific
gravities at 4 to 12 years of age than those from parent
trees with lower specific gravities (ZoseL and Ruopges, 1957).
Some recent findings by Brown and Kieiv (1960), from
control-pollinated progeny involving loblolly pine crosses
of partial factorial combinations of high and low specific
gravities, as well as open-pollinated progeny led them to
summarize as follows — ”. . . leaves little doubt that the
wood specific gravity of two-year-old seedlings reflects,
to a high degree, the specific gravity of the parent tree
wood.“ They found that all crosses were significantly dif-
ferent at the 1% level with the following results: high X

high = 389, high X wind = .385, and low X wind = .356.
Rather strong inheritance is certainly indicated.

In an even more recent paper KrLeiN and Brown (1361)
determined heritability of wood specific gravity on lob-
lolly pine seedlings by using the regression of progeny
values on the mean of the parent. Seventeen crosses among
8 trees of high and low specific gravities were made. The
regression was significant at the one per cent level and
”indicates that there is a real association between parent
tree wood specific gravity and progeny wood specific grav-
ity in the crosses tested. Presumably, this association is
the result of inheritance.“ They found that about one-fifth
of the variability has been genetically transmitted.

For Scots pine and Norway spruce Ericson (1960) reported
good correlations between the basic density of the original
tree and that of the graft tree. He states, of his study, "The
use of the relative basic density as an indicator when se-
lecting genotypical plus varieties is the most important
result for the purpose of practical tree breeding.

Numerous studies have been made regarding the varia-
tion in specific gravity with geographic location of stand.
Results of many papers were recently summarized (ZoseL
et al., 1960), and will .not be treated in detail here; only a
few will be cited. Large differences in specific gravity
among provenances were reported for slash pine (PErry
and Wang, 1958), Larson (1957), (WurErLER and MITCHELL,
1959), and for loblolly pine in the U. S. (ZoseL and Ruobss,
1955, WueeLeEr and MircHELL, 1959), and in South Africa
(Scorr and Dvu Puessis, 1951). Considerable attention has
been paid to such geographic variation in Douglas-fir
(Pseudotsuga menziesii) — for example, by Drow (1957),
and Knigee (1960), and for other species such as Hinoki
{Chamoecyparis obtusa) (Mivosur, 1951). In as early paper
(MyER, 1930) pointed out regional differences in four North
American species. All such studies have indicated some
degree of variation in specific gravity with geographic
location of stand. Just as for tracheid length, it cannot be
definitely ascertained whether these regional differences
are controlled by genetic or environmental influence.

There is considerable evidence of genetic control of spe-
cific gravity expressed when trees from different geogra-
phic sources are grown under uniform environmental con-
ditions. Ecnors (1958) found highly significant differences
among a number of races of Scotch pine when grown in
New Hampshire. In the same study as reported for trach-
eid length in loblolly pine, THorsjornsEN (1960) found sig-
nificant differences among several provenances of this
species. However, rankings changed so that seed collected
from the natural stand with highest specific gravity wood
did not produce trees with highest specific gravities when
grown in Tennessee, outside the natural range of the species.
In addjtion to Scotch pine and loblolly pine, varying de-
grées of difference with differing seed source were found
for red pine (P. resinosa — REEs and BrowN, 1954), for Pinus
pinaster in South Africa (Wicur, 1947), and for white spruce
(Picea glauca — Howrst, 1958). For Norway spruce Kiem
(1957) found higher specific gravity in German spruce than
in that of Norwegian origin. In New Zealand, the ponderosa
pine provenance (P. ponderosa) from California produced
consistently lower specific gravity wood than the prove-
nance from British Columbia, (Harris and Kriras, 1959).
Occasionally reports are made in which geographic origin
of seed source was found to have no effect on specific
gravity of the plantation (Knupsen, 1956).

There are a host of papers, many of them contradictory,
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that indicate relationship (or lack of such) of specific grav-
ity to site differences. Almost all authors agree, however,
that there is a very large amount of individual tree var-
iation under all sites and conditions. This tree variation has
been especially emphasized by Goéure (1958) and several
other authors.

The weight of evidence indicates that regardless of site,
growth rate, or geography, definite genetic control of spe-
cific gravity among individual trees is present, and more-
over, that it is large enough to have a significant effect on
yields. Initially, to be sure, genetic gains through sexual
means may not be large, but they should be real and sig-
nificant, and become increasingly important as more gen-
erations of trees are manipulated. Gains could be large at
once where vegetative propagation is feasible.

III. Spiral Grain

There are perhaps more papers dealing with genetic con-
trol of spiral grain than of any other wood property. In
many of these we can find large, general claims about
genetic influence. For example, JEnNINGs (1957) states that
spiral grain certainly is under genetic control. CuamPION
(1930), Nonr (1933), Scumucker (1956), and Norracort (1957)
are only a few of the many who have published and indi-
cated possible genetic control of spiral grain. DApsweLL et
al. (1960) actually worked out heritabilities for this char-
acter in Monterey pine. From clones for rings 2 to 8 he
obtained heritability in the broad sense of 0.66, but for the
7th and 8th rings his value dropped to 0.28, a figure lacking
statistical significance, indicating little or no genetic in-
fluence. Spiral grain has caused a lot of defect in planta-
tions. This situaton has become manifest especially in the
earlier plantings of South Africa and of Australia. The pos-
sible inheritance of spiral grain has been emphasized by
Cuampion (1945) and coworkers. Much of the literature deal-
ing with spiral grain has been based on studies of chir pine
(P. longifolia or P. roxbunghii); Kapanio and DasraL (1955)
review and summarize the previous work on this species
and report more recent studies. They show that, for seed-
lings, the tendency to develop twist is inherited, and can
be recognized already in the cotyledons of germinating
seeds! When they found seed from self-pollinated twisted
chir pines producing 68 to 82% twisted seedlings, they con-
cluded that twist would seem to be a dominant character.

Despite all the positive statements regarding the genetic
control of spiral grain, much additional study needs to be
done. Like specific gravity, spiral grain is not a simple
characteristic, but a composite, and as Noskowriak (1960)
and others have shown, the spirality changes with age of
wood laid down. Actual heritabilities in the narrow sense
are not available for this important characteristic, but very
definitely they need to be determined. To date, the mass of
evidence suggests that spiral grain should be taken into
account when dealing with genetics of wood properties.

IV. Tracheid Characteristics Other Than
Length

A number of tracheid characteristics have been studied,
but essentially nothing is known about their inheritance,
except by inference.

Fibril angle has been reported to be highly correlated
to ring width (PiLow et al., 1953)..This relationship has
been demonstrated to hold especially within a tree, but
‘among trees of the same species the picture is not clear.
It is definitely known that the fastest growing trees are
not always the trees with the flattest fibril angle. HiLLER
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(1954), for example, found slash pine of the same age and
same vigor class as expressed by diameter, size of crown
and yearly increment, differ in size of fibril angles in
comparative rings from the pith. Smrru (1959) studied hoop
pine (Araucaria cunninghamii) and found only a very weak
relationship between initial micellar angle and that formed
at a later age in the tree. In an unpublished study in-
volving clones of F, Pinus X attenuradiata (the cross be-
tween knobcone pine P. attenuata and Monterey pine P.
radiata) CaLLanam®) (personal communication) stated that
there was a highly significant difference among six clones,
but did not calculate the exact heritability. Much more
work needs to be done on this character, at the same time
avoiding the blanket assumption that fibril angle is closely
tied to growth rate differences between trees. It has been
stated by several foresters that since diameter growth
shows considerable heritability (as shown by Topa et al.,
1953), fibril angle should exhibit equal heritability. How-
ever, this assumption is unwarranted until more data are
available on variation and inheritance of fibril angle.

Actual cell dimensions, i. e.,, wall thickness, tracheid
width, and lumen size are under study, but as yet little
seems to be known about them, either as to their variation
patterns among trees or their inheritance patterns. MEeR-
GEN (1960) reported that on the average tracheid charac-
teristics from a cross between P. thunbengii and P. densi-
flora showed greater values for the hybrid than for the
parents with the exception of cell wall thickness and fibril
angle, which were intermediate. Such information on trach-
eid characteristics is vital since it is these tracheid char-
acteristics that are the basic ”units“ which determine the
magnitude of the grosser characteristics such as specific
gravity.

V.Chemical Characteristics

Chemical constituents of the wood are in some ways the
most important, but least studied, of wood characteristics.
Variations in chemical constituents have been noted but,
with the exception of cellulose and lignin, tree to tree varia-
tions within the tree are not well known. Within the wood
itself practically nothing is known about the variations
and inheritance of resins, although a considerable body
of knowledge, including heritabilities, has been obtained
for tapping or ”bleeding“ trees for gum production. In
recent years considerable attention has been directed to-
ward variation and inheritance patterns of cellulose, and
to a lesser extent lignin for several species. Most emphasis
has been on variation patterns (Krem, 1945, ZoseL et al.,
1960a, 1960b, and KennepY, 1960) in spruce, loblolly pine,
and Douglas-fir. All authors reported considerable varia-
tion from tree to tree. In a study of strains of lodgepole
pine (P. contorta) ScatTr (1958), in addition to encountering
large individual tree differences, found differences among
progeny grown from different seed sources. An actual
heritability study has been reported by DabpsweLL et al.
(1960) for the 7th and 8th ring of Monterey pine. Herita-
bility in the broad sense was low (0.29) and was not signifi-
cant, indicating that inheritance played a very small part
in the differences in cellulose yields obtained. The authors
state that this most interesting result needs further inves-
tigation. Thus, it seems to be the concensus of men work-
ing on cellulose yields that there is much variation which
follows no definite pattern that might reveal whether these
observed variations are either under strong genetic control
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or influenced by specific environmental effects. Up to
now, of all the inheritance studies on wood to determine
strength of genetic control, the evidence seems unimpres-
sive for cellulose yields.

VI.Other Characteristics Affecting Wood
Properties

Bole straightness, limb angle, limb size, and related char-
acteristics affecting wood properties have been studied
and deserve mention. However, allotted space here pre-
cludes even a general discussion of these items, though a
few examples will be cited to illustrate the significance
of some interrelationships.

Consider the single characteristic, bole straightness. It
affects wood properties to a very important degree, and
is considered especially significant for loblolly pine which
has an ”inherent“ twist to the stem. Straightness affects
compressionwood, which in turn affects the properties of
both pulp and lumber. In a preliminary study Hauvcar (1958)
found that the total merchantable volume of moderately
straight trees contained less than 10% compressionwood,
while more crooked trees commonly had over 15% of the
total volume as compressionwood. In excessively crooked
trees compressionwood exceeded 50% of the total bole
volume!

Several studies on inheritance of bole straightness hav:
been reported, one of the most recent being that by Perry
(1960). For young trees of loblolly pine, Perry found that
bole straightness has a fairly strong inheritance pattern.
Progeny from crooked parents were significantly more
crooked than those from straighter parents. Heritability
figures as such were not reported in this study, but they
would appear to be rather high. For slash pine McWiLLIAM
and FrogreNnce (1955) found that use of seed from better phe-
notypes (straighter trees) resulted in twice the number of
”acceptable“ stems per acre. Even more impressive, progeny
from controlled cross pollination between individual selec-
tions for straightness resulted in a four-fold increase in
the number of acceptable stems per acre.

It is obvious from the literature that a real improvement
in wood quality can be achieved through breeding for iree
characteristics that have a direct effect on wood properties.
Improvement of this nature will be automatically achieved
in most genetic programs as an end result of breeding for
better form.

Summary

Not too much is currently known of the actual inherit-
ance patterns for wood properties in coniferous species,
but a great many studies to determine this are currently
underway. The most convincing evidence is available for
tracheid length which appears rather strongly inherited,
enabling considerable improvement through selection
programs. Specific gravity, which must be regarded not
as a single characteristic, but as a complex of character-
istics, has been found to have a high heritability (in the
broad sense) and to be large enough (in the narrow sense)
to give significant gains from selection. Lumen size, wall
thickness, and other tracheid characteristics have scarcely
been investigated at all; early though meager results
would indicate that improvement, even for these, in pos-
sible. From an inheritance standpoint of chemical character-
istics of the wood itself, very little study has been done
to date, although one study on cellulose yields indicated
that inheritance played a very small part in the variations
found.

In any consideration or evaluation of inheritance it is
very important to be fully cognizant of how it is measured
and expressed. The most common way is to express it as
the ratio termed “heritability“. Since two types of herit-
abilities are employed, namely that in the broad sense and
that in the narrow sense, it is essential to keep the distinc-
tion between them clear and unconfused.

Zusammenfassung

Titel der Arbeit: Die Vererbung der Holzeigenschaften.

Der tatsédchliche Vererbungsmodus der Holzeigenschaften
der Coniferen ist bisher noch weitgehend unbekannt, es
wurden aber eine groBe Anzahl Untersuchungen zu seiner
Aufklarung durchgefiihrt. Das {iberzeugendste Ergebnis
wurde fiir die Linge der Tracheiden erhalten, die ziemlich
stark erblich zu sein scheint. Dies ermdéglicht, durch ein
geeignetes Selektionsprogramm eine bedeutende Verbes-
serung zu erzielen. Das spezifische Gewicht, welches nicht
als eine einzelne Eigenschaft sondern als ein ganzer Kom-
plex anzusehen ist, besitzt eine hohe Heritabilitat (im wei-
teren Sinne), und ist (im engeren Sinne) signifikant ge-
nug, um sich fiir eine Selektion zu eignen. Grof3e des Zell-
lumens, Wandstédrke u. a. Eigenschaften der Tracheiden
sind noch kaum untersucht, aber friihere, obgleich diirfti-
ge Resultate legen die Moglichkeit nahe, daBl eine Verbes-
serung auch hier moglich ist. Uber den Wert der Vererbung
chemischer Eigenschaften des Holzes liegen bisher nur we-
nige Untersuchungen vor, jedoch zeigen die des Zellulose-
gehalts, dafl der Anteil der Vererbung an der vorhandenen
Variation nur gering ist.

Fiir jede Beriicksichtigung oder Bewertung der Erblich-
keit ist es von Bedeutung, genau zu wissen, wie sie zu mes-
sen oder auszudriicken ist. Der allgemeinste Weg ist der,
sie in dem Begriff ,Heritabilitit“ zu fassen. Seit man zwei
Typen der Heritabilitdt entwickelt hat, nidmlich den im
weitesten Sinne und den im engeren Sinne, ist es unbedingt
erforderlich, klar und eindeutig den Unterschied zwischen
ihnen zu bewahren.

Résumé

Titre de l'article: Hérédité des qualités du bois chez les
coniferes.

On connait peu de choses avec certitude en ce qui con-
cerne les modéles d’hérédité des caractéristiques du bois
chez les coniféres mais de nombreuses études sont actuel-
lement en cours. Les résultats les plus nets ont été obtenus
pour la longueur des trachéides, caractére qui semble avoir
une héritabilité assez forte ce qui doit permettre un gain
considérable par la sélection. La densité du bois qui doit
étre considéré plutét comme un complexe de caractére que
comme un caractére unique présente une héritabilité forte
(au sens large), et assez forte (au sens strict) pour donner
des gains appréciables par sélection. La dimension des
lumens, ’épaisseur des membranes et les autres caractéres
des trachéides ont été que étudiés jusqu’ici; mais les pre-
miers résultats semblent indiquer que, méme ici, une amé-
lioration parait possible. L’hérédité des caractéristiques
chimiques du bois a été également trés peu étudiée; cepen-
dant, un travail sur la teneur en cellulose indigque que
I’hérédité joue un faible réle dans les variations observées.

Pour toute évaluation de I'nérédité, il est trés important
de définir parfaitement la méthode et l'’expression de la
mesure. On l'exprime le plus couramment sous forme du
rapport qui définit »I’héritabilité«. Il est essentiel de di-
stinguer parfaitement, sans risque de confusion, s’il s’agit
de I’hérédité au sens large ou de ’hérédité au sens strict.
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