
the dominant ones. Furthermore, all recessive genes may 
not have complete penetrance (semi-lethals) and, what is 
more, endospenn lethal recessives may also be involved. 
Key words: Empty grains, recessive embryolethal genes, recessive 

endospermlethal genes, general- and specific com- 
bining ability, individual breeding values, reciprocal 
differences. 

Zusammenfassung 

Die Frequenzen der Hohlkörner in Kiefernsamen (Pinus 
silvestms) sind nach freiem Abblühen und nach Individual- 
kreuzungen untersucht worden. Die folgenden Kreuzungs- 
pläne wurden verwendet: 29 Mütter mit 4 durchgehenden 
Vätern, 40 Eltern mit Kreuzungen jeder Eltern in einem 
partiellen diallelen Plan und einem vollständigen Diallel 
mit 6 Eltern. 

In den Prozentsätzen der Hohlkörner liegen große Indi- 
vidualunterschiede vor. 

Es hat sich eindeutig gezeigt, daß die Entstehung der 
Hohlkörner im wesentlichen von der Homozygotisierung 
rezessiver Gene abhängig ist, die den Embryo zum Abster- 
ben bringt. Die Additivität ist hoch (hohe allgemeine Kom- 
binationseignung) bei großer Streuung der additiven Wer- 
te. 

Spezifische Kombinationseignung hat sich nicht gezeigt. 
Dies kann dadurch erklärt werden, daß eine große Anzahl 
loci gegeben ist, und deshalb spezifische Genkombinatio- 
nen selten werden. 

Es können erhebliche Verschiedenheiten im Hohlkornpro- 
zent reziproker Kreuzungen auftreten. Daß ein Individuum 
einen höheren Hohlkornanteil hervorruft, wenn es als Mut- 
ter verwendet wird, beruht möglicherweise darauf, daß ein 
solches Individuum nebst embryolethalen auch endosperm- 
lethale Gene besitzt. Ist dagegen der Hohlkornanteil höher, 
wenn das Individuum als Vater fungiert, kann dies an- 
deuten, daß das Individuum über eine hohe Anzahl Arche- 
gonien pro Ovulum verfügt. 

Dieser Lethalgenmechanismus, der in seiner Auswirkung 
Inzucht verhindert und folglich den s-Allel Systemen der 

Angiospermen entspricht, ist zweifellos von einer großen 
Anzahl Allelpaare aufgebaut. 

Der Mechanismus ist nicht nur durch das Vorkommen 
von mehreren Archegonien pro Ovulum kompliziert, son- 
dern auch dadurch, daß die rezessiven Allele wahrschein- 
lich eine niedrigere Frequenz in den Populationen haben 
als die dominanten Allele. Es ist auch anzunnehmen, daß 
nicht alle rezessiven Gene eine vollständige Penetranz be- 
sitzen (Semilethale), und daß es nicht nur embryolethale, 
sondern auch endospermlethale rezessive Gene gibt. 
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A simple method of estirnating rates of self-fertilization by analysing 
isozymes in tree seeds 

By G. MÜLLER~) 

(Received March / April 1976) 

If it is possible to identify an individual pollen of a 
certain tree by detecting its genes in the diploid embryo 
tissue of seeds, one should be able to estirnate rates of self- 
fertilization, as well as fertilization probabilities in general. 
The knowledge of the parameters is the well-known basis 
for investigations concerning the mating system of trees, 
especially the estimation of coefficients of inbreeding and 
kinship. The applicability of isoenzyme techniques for 
identifying genes in needle-Gd endasperrn tissues of trees 
is proved by nurnerous investigations (review see FERET 

and BERGMANN, 1976). In addition, experiments with the 
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purpose of estirnating rates of self-fertilization were per- 
formed by RUDIN (1976) by means of needle analysis of 
Pinus silvestris. 

Because self-fertilization affects the whole genome e- 
qually, it can be sufficiently demonstrated by investigating 
one pdyrnorphic gene locus. 

Several conditions required 

Using diploid material for isozyme analysis, monameric 
enzymes should be preferred, as they do not cause hybrid 
band-configurations in heterozygous individuals so that 
the genotype can be identified directly by the isozyme 
phenotypes in the zymogram. Therefore, sur investigations 
began with the analysis of the monomeric system of leucine 
aminopeptidase (LAP) in Nonvay spruce (Picea abies (L.) 
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The presented results indicate a remarkable deviation in 
frequencies between B3B3 and B,B, (13 : 44 that is 1 : 3.4) 
which cannot yet be explained satisfactory. Doubling their 
portions means evaluating a lower limit of the rate of self- 
fertilization if it can be assumed that both heterozygotes 
are equally frequent and that the non-detectable homo- 
zygote B,B, is at  least as frequent as B3B3. 

In this case the rate of self-fertilization can be expected 
to be at least 11.6% (2 X (13 + 44) = 114 selfed seeds out 
of 987). Having in mind that the deviation in frequencies 
may be caused by the rare allele B„ all genotypes which 
are not homozygous with respect to B, can be assumed to 
be at least equally viable. In this case the given value can be 
calculated more precise so that the rate of self-fertilization 
increases to 14.7% (13 + (3 X 44) = 145 selfed seeds out of 
987). 

Further aspects 

The application of the described method will be extended 
to estimate rates of self-fertilization and other fertilization 
probabilities of and between individual trees in stands as 
well as in seed orchards. 

If more investigations are performed, possible uncertain- 
ties have to be dealt with such as occurrance of distinct 
isozyme patterns of the same allele in endosperm and em- 
bryo or deviations in the frequencies of the two detectable 
LAP phenotypes. In addition the estimations of rates of 
self-fertilization have to be improlved, if cross-fertilization 
by gametes of &her marker trees has to be taken in ac- 
count. 

Acknowledgments 

I wish to thank Dr. Fritz BERGMANN, Lehrstuhl für Forstgenetik 
und Forstpflanzenzüchtung in Göttingen, for his advice and for 
critical reading of manuscript as well as S. KRAKUHN and A. 
PETERSEN, for technical assistance in the laboratory. Cone collection 
was facilited by friendly help from Forstamt Reinhardshagen. 

This study was financially supported by a grant from the Deut- 
sche Forschungsgemeinschaft, Bad Godesberg. 

Summary 

Analysing isozymes in endosperm and embryo tissue it 
is possible to estimate rates of self-fertilization of individ- 
ual trees. Comparing for example leucin-aminopeptidase 
isozyme patterns of embryo and endosperm tissue of in- 
dividual seeds of a certain "marker tree", two out of total- 
ly four genotypes originating from self-fertilization can be 
identified definitely. Preliminary results are given within 
a stand of Norway spruce: the rate of self-fertilization of 
one spruce troe was estimated to be 14.7%. 
K e y  words: Self-fertilization, Leucin-aminopeptidase (LAP), seed 

analysis, Norway spruce. 

Zusammenfassung 

Anhand der Analyse von Isoenzymen in Endosperm- und 
Embryogewebe ist es möglich, eine Abschätzung der Selbst- 
befruchtungsraten von Einzelbäumen vorzunehmen. Ver- 
gleicht man z. B. Leucinaminopeptidase-Isoenzymmuster 
aus dem Embryo- und Endospermgewebe einzelner Samen 
eines bestimmten Genotyps, so lassen sich zwei von ins- 
gesamt vier aus Selbstbefruchtung stammende Typen prä- 
zise identifizieren. Ein vorläufiges Ergebnis wird aus einem 
Fichtenbestand mitgeteilt: Die Selbstbefruchtungsrate ei- 
ner Fichte wird auf 14,796 geschätzt. 
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Variance components and gains in volume growth of Virginia Pine (Pinus 
vir giniana Mill.) 

By G. RINK and E. THOR~) 

(Received September 1975 / March 1976) 

Introduction 

Since most estimates of additive genetic variance com- 
ponents in forest tree breeding are based on experiments 
in only one environment, these estimates may be inflated 
by the presence of a genotype-environment interaction 
(NAMKOONG, SNYDER and STONECYPHER, 1966; STONECYPHER, 
1966; EVANS and THOR, 1971).,These interactions usually are 
low (KING, 1965, WELLS and WAKELY, 1966; WRIGHT, 1973). 
However, if it is assumed that most forest trees are hetero- 
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zygous for most characteristics, seed collected from random 
trees in a provenance will probably most closely resemble 
a "hybrid" blend with considerable genetic diversity. Crop 
breeders generally recognize that genetic diversity con- 
tributes to phenotypically consistent performance (ALLARD, 
1961; REICH and ATKINS, 1970). 

One objective of this paper is to evaluate and compare 
the genotype-environment interaction at the provenance 
and open-polllinated progeny levels in Virginia pine (Pinus 
virginiana MILL.). Another objective is to obtain estimates 
of heritability and gain in volume growth of this species. 

Materials and Methods 

Plantations were established in 1967 from open-pol- 
linated seed collected from 13 stands, four in Kentucky and 
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