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Summary

A total of 49 families of controlled crosses between and
within Populus tremula and P. tremuloides were investi-
gated concerning their resistance to Melampsora leaf rust,
presumably caused by M. magnusiana. The leaf rust attack
was evaluated at the end of both the first and the second
vegetation period and showed highly significant genetic
variation between the interspecific crossings. The P. tre-
muloides families showed the highest resistance, P. tremula
families were severely attacked. The interspecific hybrid
families showed an intermediate behaviour. A quantitative
genetic analysis of the data showed strong additive genetic
variation. Therefore, Melampsora leaf rust resistance might
be incorporated successfully into further breeding pro-
grams in aspen and hybrid aspen.

Key words: Populus tremula, P. tremuloides, inter- and intra-
specific crossings, Melampsora leaf rust, resistance,
additive genetic effects.

Zusammenfassung

Insgesamt 49 Familien aus kontrollierten Kreuzungen
zwischen und innerhalb der Leuce-Pappelarten Populus
tremula und P. tremuloides wurden nach der ersten und
zweiten Vegetationsperiode auf Blattrostbefall bonitiert.
Untersuchungen an verschiedenen Entwicklungsstadien des
Parasiten ergaben, daB Melampsora magnusiana als Erre-
ger dieser Rostkrankheit in Betracht kommt. Zwischen
den Kreuzungsfamilien bestanden hoch signifikante Be-
fallsunterschiede. P. tremuloides-Familien zeigten die
groflite Resistenz gegen den Pilz, P. tremula-Familien wa-
ren dagegen am stirksten befallen. Die interspezifischen
Hybridfamilien verhielten sich intermedidr. Eine quanti-
tativ-genetische Analyse ergab, daB sich die Rostresistenz
wie ein quantitatives Merkmal verhélt, d.h. sie wird of-
fenbar durch zahlreiche Gene mit additiver Wirkung ver-
erbt. Die Selektion blattrostresistenter Elternbdume fiihrt
demnach zu resistenteren Nachkommen. Rostresistenz kann
daher mit Erfolg in die weiteren Ziichtungsprogramme bei
Aspe integriert werden.

1. Introduction

The European aspen Populus tremula L. and the north
American aspen P. tremuloides Micux. of the poplar section
Dedictated to Dr. G. H. Mercuior on his 60th birthday 1)

Direccién: Calle 3¢ No 309, 1900 La Plata, Argentina. Send Reprint
requests to B. R. StepHAN.
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Leuce Dusy, and their hybrids are fast growing hardwood
species, which are used in the paper industry as well as
for biomass and energy production. Aspens are valuable
and tolerant forest tree species for marginal sites. There-
fore, they are gaining more and more importance in silvi-
culture. The interspecific hybrids between the two aspen
species exhibit often a better growth performance than
the parent species, as many hybridization programs have
shown (Mercuior and Seirz 1966, Hartemer and Seirz 1967,
MeLcHIOR 1985, WEISGERBER 1983).

In connection with the testing of the general perfor-
mance also the behaviour against the more important

- fungal diseases should necessarily be known. Aspens. can

be attacked by a wide range of leaf, twig, branch, and stem
diseases (Burin 1957, FAO 1979). One of the commonest,
most serious, and widely distributed leaf disease of aspens
is the Melampsora leaf rust, caused by several species
(GremMmeN 1954, Pinon 1973, FAO 1979, Buriv 1983), which
are difficult to distinguish morphologically. Heavy rust
infection can result in an early leaf fall, a reduction of in-
crement, an increase of susceptibility to winter frost, an
easy entry to other parasites, and. a higher mortality of
young plants (Butiy and Zycua 1973, FAO 1979, SCHWERDT-
rEGER 1981, PHiures and Burpekin 1982, Burin 1983). But
poplar species show a high genetic variation of resistance
te- Melampsora rust species. These differences should be
integrated into breeding programs of aspen.

In the following paper results are given on the genetic
variation of Melamsora leaf rust infection of crossings be-
tween and within Populus tremula and P. tremuloides. The
crossings were made originally with the purpose to study
growth performance of families, combining ability and
possible heterosis. Results on such traits will be published
elsewhere (GaLLo and MELCHIOR, in preparation).

2. Materials and Methods

2.1. Origin of the aspen clones

For the crossing experiments five female and three male
clones of P. tremula, and two female and four male clones
of P. tremuloides were used. The origin of the parent trees
is shown in Table 1. The clones were selected phenotypi-
cally on the basis of their growth performance, stem form

Silvae Genetica 34, 6 (1985)



Table 1. — The parent clones of Populus tremula and P. tremu-

loides.

clone nr. female | male provenance
Populus tremwula L.
Brauna 11 x Saxony, GDR
GroB-Dubrau 1 X Saxony, GDR
Wedesbiittel 51 X East Prussia, USSR
Wedesbiittel 52 X East Prussia, USSR
Wedesbiittel 66 X East Prussia, USSR
Wedesbiittel 95 X East Prussia, USSR
CVs 52 x Luborec, CSSR
C 61 X Raztocno, CSSR

Populus trewmuloides Michx.

Ihlendieksweg 1 x Maple, Ontario, Canada
Ihlendieksweg 3 x Maple, Ontario, Canada
Ihlendieksweg § x Maple, Ontario, Canada
T 428 X Maple, Ontario, Canada
T 44-60 X Upper Michigan, USA
T 141 X New Hampshire, USA

and good combining ability, concerning especially cross
fertility, in other breeding programs. Resistance to Me-
lampsora leaf rust was no criterion for the phenotypic
selection of these aspen clones. Therefore, for the purpose
of the present study the trees were considered as random
samples of the populations in respect to Melampsora leaf
rust resistance.

The mother trees and most of the father trees are grown
in the clonal archive of the Institute at Grosshansdorf.

From the P. tremuloides clones T 44—60 and T 428 pollen
was collected from selected trees in USA and Canada,
respectively.

2.2. Controlled pollination and mating design

The clones had been crossed in the greenhouse in Feb-
ruary and March 1983, according to a 7 X 7 factorial mating
design (Figure 1). The crossings resulted in 49 different
families, which belong to four main mating groups, namely
two intra- and two interspecific crossing groups.

2.3. Progeny test

After sowing in May 1983 the seedlings were outplanted
in a nursery trial in July 1983. The trial was located in
Grosshansdorf, and was planted in a completely rando-
mized blocks design with four replications, 6 X 5 plants of
each family (= plot) in each replication, and with a spacing
of 20 X 15 cm.

2.4. Melampsora leaf rust attack

The maximum of rust infected leaves was observed
mostly in September, and the rust attack was scored at
that time. In September 1983 only the average rust attack
per plot was determined according to the following scale:
0 = no infection; 1 = less than 50% of the leaves of the
plot were lightly infected (less than two uredinia per cm?,
single); 2 = more than 50% of the leaves of the plot were
lightly infected; 3 = more than 50% of the leaves of the
plot were strongly infected (more than two uredinia per
cm?, single or in groups).

The results of 1983 showed significant genetic variation
between the families. Therefore, a more detailed exami-
nation of the individual trees of the families was conduc-
ted in September 1984. For that reason 24 trees per family
(i six trees per plot) were scored. Each tree was assigned
a single score value according to the following scale from
1 to 7: 1 = no infection; 2 = less than 10% of the leaves
show individual uredinia; 3 = 11 to 30% of the leaves
show several uredinia widely spread; 4 = 31 to 50% of the

P tremula | P tremuloides
ONT' |W 52 |w 66[CvS5 Ihi1 [a60[T 428 [T 141 | %
i 7
Brau P 45 mean score
N Is4 5.9 59 47
GrDubr K:(gg; 43 10-19 D
1 [s4 58 54 45
L; 20-29
glwn % 47
@ 5.8 59 5.8 50 46
-~ 2 30-139
o |w 95 . 46
6.1 61 61 4.7 4.0
3 33 40-49
c e - o 46
-z,r 7 50-59
B{hl3
9O
g 6070
olihs
= 2.8 J
X 47 51 5.1 24 24 38
Figure 1. — Mating design, mean infection scores of families, ahd female and male parents.

Parents within a bracket do not differ significantly by Tukey’s test (a = 0.05).
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leaves show many uredinia, single or in groups; 5 = more
than 50% of the leaves are densely covered with uredinia;
6 = all leaves are densely covered with uredinia; 7 = many
leaves are brown, dead or already dropped.

As most of the parent clones are growing in the clonal
archive of the Institute, their rust attack also was scored
in September 1984, using the same scale as for the families.
The trees had different ages and grew at various places
not far from the progeny trial.

For identification of the Melampsora species involved in
the leaf disease, leaves with uredinia and urediniospores
were collected in autumn, and with telia and teliospores in
early spring. Fruitbodies and spores were measured micro-
scopically and compared with data of other authors (e.g.
GAUMANN 1959, PiNvoN 1973, CeLLerINO and ANsewmi 1979).

2.5. Statistical model and methods
In order to estimate the genetic components of variance
the following statistical model, applied to plot means, was
assumed:
Yijk = U4 + fi + m; -+ fmij + Ty + €ijk

where y;;;; = the average score from the cross of the i-th
female and the j-th male in the k-th repli-
cation

# = general mean
f; = an additive effect of the female parent i
m; = an additive effect of the male j

fm;; = a deviation effect of i x j cross
r, = an effect due to the replication k

e;;x = plot error,
and where all effects are considered random. The plot er-
ror e;;, was divided into ¢%, = variation due to the inter-
action between families and replications and into ¢%, =
within plot variation, which was estimated from plots in
each cross in each replication and pooled.

The mating design used in this study was similar to the
factorial design of experiment II of Comstock and RosiNsON
(1952). Provide the following assumptions (Cockernam 1963)
for the genes, which control the rust resistance, are right
(1. regular diploid and solely Mendelian inheritance; 2. no
environmental correlations among relatives; 3. no linkages;
4. the relatives are not inbred; 5. the relatives can be con-
sidered to be random members of some noninbred popula-
tions), it could be considered that ¢% = 0%, = 1/4 ¢%) and
0%, = 1/4 o%p, where o2, is the additive genetic variance
component and o? the dominance genetic variance compo-
nent. Since our trial was established on only one location,
in our case would be 0% = o¢%, = 1/4 (0?4 + o%pg and
%, = 1/4 (6®p + o®pg), where o%;, and o?pp include the
variation due to a possible interaction between genotype X
interaction.

For the statistical evaluation the software package GLIM
(general linear interactive modelling) was used (Baker and
NEeLDER 1978).

3. Results

3.1. Identification of the Melampsora species

Poplars of the section Leuce can be attacked by the col-
lective species Melampsora populina (Pers.) Lev., which
can be divided into several species. Four of them have some
importance in Europe (Table 2). In most cases Populus alba,
P. tremula and P. X canescens are reported as hosts. The
four Melampsora species can be distinguished morphologi-
cally by various characters of their sori, spores and para-
physes. All Melampsora species are heteroecious with dif-
ferent alternate host species (Table 2), which are suited

best for an exact differentiation. If alternate hosts are not
available, the differentiation between the fungus species
is restricted to spore forms on the poplar leaves, namely
uredinia, urediniospores, telia, and teliospores. On this ba-
sis the identification of the Melampsora species involved in
this study has been conducted. Measurements of the fungal
structures with relevance to the taxonomic determination
are given in Table 2, together with data of other authors
for comparison.

The traits of our rust material correspond best with the
descriptions for Melampsora magnusiana WAaAGNErR. Very
similar characters show only M. rostrupii WAGNER.
But because of the small size of uredinia, size and flattened
apices of paraphyses, and size of teliospores we consider
the pathogen involved to be M. magnusiana. Furthermore,
the two species can be distinguished by their alternate
hosts (Table 2), but only Chelidonium majus occurs in the
neighbourhood of the poplar trial. Continuous examination
of Ch. majus plants for the occurrence of Melampsora aeci-
dia and aecidiospores during the vegetation period 1984
remained unsuccessful.

It is known that Melampsora species can overwinter by
mycelium in the host or by urediniospores on poplar leaves
on the ground (Burin 1957, CHiBa and Zinno 1960). Then,
reinfection of the poplars are possible without the alternate
host (Zycua 1962, KraaveENoorp 1974). One example of this
kind of overwintering was observed in 1984. Early in May,
the terminal bud of one plant was heavily infected by the
Melampsora rust. The rust spread on the peduncle of the
freshly developped leaf, and from there gradually to other
leaves of the respective plant and neighbouring plants.
Similar situations were observed also in other plots of the
trial. Therefore, we assume that the fungus had overwin-
tered in its dicaryophase by mycelium on the living pop-
lar plant. Additionally, overwintering by urediniospores
on dead leaves can be assumed.

Because of the morphological characters studied, the rust
fungus will be considered in the following as Melampsora
magnusiana WAGNER.

3.2. Variation of leaf rust resistance between progenies

The families show considerable phenotypic differences
of the leaf rust attack (Figure 1). The mean score values of
the families vary between 1.1 and 6.1 with at total average
of 3.82 for the trial. In an analysis of variance the highly
significant differences between the aspen families were
proved (Table 3).

On the basis of their mean leaf rust scores the families
of the four mating groups are in a good accordance. It be-

Table 3. — Analysis of variance for the different leaf rust scores
of the aspen crossings (** : .« = 0.01).
source of d.f. m.s. variance component
variation (abs.) l( %)
replications 3 1.61 *x -— —
families 48 10.98 xx J— —
female 6 42.52 *xx 1.490 39.6
male 6 40.56 *x 1.420 37.8
female
X 36 0.79 *x 0.111 3.0
male
o = 0.269 7.2
rest 144 0.35 H
o, = 0.466 12.4
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comes very clear that families with nearly no leaf rust
infections belong to the intraspecific crossings between
P. tremuloides clones. On the other hand, families with
very high infection scores of more than 5.1 are typical for
intraspecific crossings between P. tremula clones (Figure 1).
The families of interspecific mating groups show an inter-
mediate behaviour to the leaf rust infection. The scores
within the interspecific mating groups vary strongly.

Summarizing these results one can state that the P. tre-
muloides families of this trial show a very high resistance
to this Melampsora species (possibly M. magnusiana).
whereas the P. tremula families are highly susceptible. In-
terspecific crossings are attacked intermediately.

3.3. Effect of aspen parents on the leaf rust resistance
of progenies

Considerable differences in the degree of leaf rust attack
existed not only between the mating groups, but also be-
tween the families on the basis of all female and male
parents (Table 3). The variation between the families of a
mating group was influenced very strongly by the P. tre-
mula and P. tremuloides female and male clones used for
the crossings. The total means of the families with a
distinct clone as female or male parent vary within the
respective mating group, particularly within the two inter-
specific ones (Figure 1). There can clearly be seen that the
reaction of a family is affected strongly by the female
and male parent clone involved in the respective crossing.
With regard to the parent clones two different female
parent groups and three different male parent groups can
be distinguished (Figure 1). These groups show distinct and
significant differences in relation to Tukey’s test. All fam-
ilies with P. tremula as female parent are separated signi-
ficantly from families with P. tremuloides as female par-
ent. With regard to the male parents all families with a
P. tremula male parent belong to one group. In the P. tre-
muloides families a group with male parents from Maple
and Upper Michigan can be separated from another group
with male parents from Maple and New Hampshire (Fig-
ure 1).

Concerning the results in the families also the reactions
of the original parent clones (grafts of the Institute’s
archive) were of great interest. The results agree very well
with those of the families (Table 4). Also in the older trees
of varying ages the P. tremuloides clones showed high
resistance to this Melampsora leaf rust, whereas the P. tre-
mula clones were severely attacked. The reactions seem to
be independent of the tree age and not to be affected dur-
ing the vegetation period 1984 by site or other environmen-
tal conditions of the clonal archive investigated. Therefore,
a juvenile-mature correlation could be assumed for the
trait leaf rust resistance.

The scoring of the Melampsora leaf rust attack of addi-
tional aspen clones in the clonal archive of the Institute
(data unpublished) was in good accordance with the pre-
viously reported results. Generally the P. tremula clones
were much more attacked by Melampsora than the P. tre-
muloides clones.

3.4. General and specific combining ability

As already shown, the aspen parents had a direct and
significant influence on the reaction of a given family to
the Melampsora leaf rust. Therefore, a strong genetic ef-
fect for this trait can be assumed. The results show highly
significant effects for female and male parents, which con-
tribute to the total phenotypic variation with 39.6% and
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Table 4. — Melampsora leaf rust attack of parent clones of P. tre-
mula and P. tremuloides as scored in the clonal archive at Gross-

hansdorf.
clone nr. number of age of | mean leaf
scored ramets ramets | rust score
Populus tremuls
Brauna 11 2 18 6
3 2 6
2 2 5
GroB-Dubrau 1 1 18 5
1 2 6
3 2 5
1 2 4
W 51 1 20 6
18 6
1 10 6
W 52 1 20 6
2 18 6
1 10 7
W 66 1 2 6
W 95 2 2 5
CVs 52 1 18 5
C 61 1 18 6
Populus tremuloides
Ihl 3 1 2 1
T 141 1 20 1
1 18 1
6 2 1

37.8%, respectively (Table 3). Although the analysis of
variance showed a significant value also for the female X
male interaction, its relative variance component was only
3.0% of the total variation. As the variance components for
female and male effects correspond to the general combin-
ing ability (GCA) and that for the interaction to the specific
combining ability (SCA), one can state that in this mating
experiment GCA was of greater importance than SCA with
respect to the trait leaf rust resistance, what can be seen
also in Figure 1. These analyses show that an additive
mode of gene action can be assumed for the Melampsora
leaf rust resistance. The score means of the individual
families are very well represented by the sum of their re-
spective parent effects (see also Figure 1).

3.5. Correlations between traits

The mean family rust scores were correlated with other
characters, as height growth after the first and second
vegetation period, and pubescence of the main shoot. There
were significant positive and negative correlation coeffi-
cients between rust score 1984 and rust score 1983 (r =
0.60), height 1983 (r = —0.70), height 1984 (r = —0.73), and
pubescence (r = 0.77). These results simulate a relation be-
tween the respective characters and the resistance. A more
detailed analysis of the trait values of individual trees
within a given family revealed that these correlations were
masked by the specific traits of P. tremula and P. tremu-
loides. In this trial P. tremula families were slow growing,
had pubescent shoots, and were extremely rust susceptible.
On the other hand, P. tremuloides families were good grow-
ing, were smooth, and rust resistant. The individual trees,
particularly those of the interspecific families, showed
that these traits presumably are inherited independently.
That should be investigated in further experiments.



4. Discussion

The results of these studies show that Populus tremuloi-
des clones are highly resistant to Melampsora leaf rust, pre-
sumably caused by M. magnusiana, and that P. tremula
clones are susceptible to the pathogen. The different be-
haviour of the aspen species against the Melampsora leaf
rust was inherited to families of crossings between and
within the two species. In these studies the rust resistance
behaved as a quantitative character. The low dominance
variance indicates polygenic inheritance and additive gene-
tic effects (FarLconer 1960), Therefore, Melampsora rust
resistance is controlled presumably by a large number of
genes, which have an additive effect, and can be called
“horizontal” (RosinsoN 1976). This kind of resistance has
mostly a higher security against racial variation in the
pathogenicity of the parasite. The results agree very well
with those in other Populus-Melampsora-systems, where
also additive effects in the inheritance of rust resistance
were found (e.g. HEATHER, SHARMA and MiLLer 1979, HEATHER
and CHANDRASHEKAR 1982, ZycHA 1962).

Nevertheless, these results should not be generalized,
because they are valid only for the test site. The reaction
of the host plants can be influenced by differences in the
pathogenicity of the parasite, by genotype-environment
interactions, or by the age of the host plants. These rela-
tions must be studied before the concept of genetic gain
in breeding for resistance can be realized (Stern 1972).

There is no knowledge about the pathogenic variability
of M. magnusiana. Usually, rust fungi are very variable,
and the occurrence of pathogenic races or biotypes is com-
mon. As the occurrence of pathogenic races has been pro-
ven in other Melampsora species (vaN ViLoTEN 1944, Mac-
NaNI 1966, HEATHER, SHARMA and MiLier 1979), they can be
expected in M. magnusiana, too. Racial variation can be
tested only with a set of aspen clones with different rust
resistance on various sites. The reaction of the host plants
can also be different, when the other closely related fungal
species of the Melampsora populina-complex occur in a
certain region. This should be investigated in the future
together with the aspen breeding program.

In this connection also the genotype-environment in-
teraction should be studied. It is known that resistance can
be influenced very strongly by the environmental condi-
tions. HeaTHer and CHANDRASHEKAR (1982) pointed out that
“in the Populus-Melampsora rust system the virulence
and aggressiveness expressed by races and the resistance
demonstrated by cultivars is very environmentally sensi-
tive”. Populus-Melampsora-systems show a high tempera-
ture sensitivity (CHANDRAsSHEKAR and HeaTHER 1981a), and/or
are influenced easily by the light intensity (CHANDRASHEKAR
and Heatuer 1981b). The relationship between host and
parasite is also dependent from the altitude (CerLerivo and
Ansewmr 1979). In our trial a relatively high stability of the
host-parasite relationship can be assumed, because the
results of the very hot and dry summer 1983 agree very
well with those of the cool and humid summer 1984. Also
these results should be confirmed by further trials.

Finally, the observed rust resistance seems to be not af-
fected and altered by the host age, and obviously even not
by the age of the leaves. The latter was observed also by
CerLerino and Ansewmr (1979). Therefore, a strong juvenile-
mature correlation in the parent clones can be assumed
(Table 4). The genetic correlation of the resistance in dif=-
ferent stages of host development of the aspen families
could not yet be proved. However, an early selection re-

garding the trait leaf rust resistance seems to be possible
and justified.

An estimation of the possible genetic gain was compli-
cated by the failure of some of the genetic assumptions
and by problems of the evaluation of score data. The esti-
mation of the different variance components must be con-
sidered within these limitations, too. It is clear that on
basis of these components high values for heritability
would be expected, and even higher than one in the case
of individual selection heritability. However, the great pro-
portion of the genetic components compared with the en-
vironmental one and the correspondence between the
family values within the four mating groups (Figure 1)
show that the trait leaf rust resistance is under strong
genetic control. It should be incorporated successfully into
further breeding programs with aspen clones. After THiEL-
Ges (1982) the breeding strategy ought to improve the host
population rather than the individual host tree. In this
way a better combination of resistance genes can be ob-
tained and, therefore, better results of the breeding efforts
can be expected.

Since many years it is known that some crossings be-
tween P. tremula and P. tremuloides show heterosis in
growth characters (e.g. WerrsTeiN 1933). But in contrast to
the Melampsora leaf rust resistance, the growth characters
of the here studied aspen and hybrid aspen crossings and
of other ones show a great dominance variance (GaLro et
al., in preparation). In future breeding programs, there-
fore, a combination should be possible between rust resi-
stance and high growth performance by the selection of
rust resistant parent clones with high specific combining
ability for growth. In other words, the great general com-
bining ability of some parents in the Melampsora leaf rust
resistance should be properly combined with the great
specific combining ability of some parents for growth traits
in order to obtain the most resistant and vigorous hybrid
aspen families.

Acknowledgements

Thanks are due to Dr. D. Ewspanr and Dr. L. Zsura for pollen
of selected aspen trees in the USA and Canada, respectively. We
are also indebted to Dr. G. H. Meicuior for his support and
valuable discussions, and to Dr. H. J. Muus for the plant material.
We are grateful to Dr. H. Burnin for his comments regarding the
identification of the Melampsora species. The technical assistance
of Mrs. C. TuieseNn and Mrs. G. Wituice during the controlled cros-
sings is gratefully acknowledged. Mrs. I. Scuuize prepared the
figure. The award of a scholarship to one of us (L.A.G.) by the
German Academic Exchange Service (DAAD) is also gratefully
acknowledged.

Literature

Baker, R. J. and NeLper, J. A.: The GLIM system. Release 3. The
Royal Statistical Society. Oxford (1978). — Bumin, H.: Die blatt-
und rindenbewohnenden Pilze der Pappel unter besonderer Be-
riicksichtigung der Krankheitserreger. Mitt. Biol. Bundesanst. Ber-
lin-Dahlem, Heft 91, 64 pp. (1957). — Burin, H.: Krankheiten der
Wald- und Parkbiume. G. Thieme Verlag, Stuttgart. 172 pp. (1983).
— Bumn, H. und Zvcua, H.:Forstpathologie. G. Thieme Verlag,
Stuttgart. 177 pp. (1973). — CerLieriNo, G. P. and Ansewmr, N.: On
the main Melampsorae of Salicaceae in Italy. Mitt. Forstl. Bundes-
Versuchsanst., Wien, Heft 127, 41—46 (1979). — CHANDRASHEKAR, M.
and Heatner, W. A.: Temperature sensitivity of reactions of Po-
pulus spp. to races of Melampsora larici-populina. Phytophatology
71, 421—424 (1981a). — CHANDRASHEKAR, M. and Heather, W. A.:
Influence of light intensity on reactions of certain poplar
cultivars to races of Melampsora larici-populina. Trans. Brit.
mycol. Soc. 77, 375—380 (1981b). — CuiBa, O. and Zinno, Y.:
Uredospores of the poplar leaf rust Melampsora larici-popu-
lina Kies. as a source of primary infection. J. Jap. For. Soc.
42, 406—410 (1960). — Cockeruam, C. C.: Estimation of genetic
variances. In: Hanson, W. D. and Rosinson, H, F.: Statistical gene-

213



tics and plant breeding. National Acad. Science, Washington, 53—
93 (1963). — Comsrtock, R. E. and Roeinson, H. F.: Estimation of
average dominance of genes. Iowa State Coll. Press, 494—516 (1952).

— FaLconer, D. S.: Introduction to quantitative genetics. Long-
man, London. 365 pp. (1960). — FAO: Poplars and willows. Rome.
FAO Forestry Series No. 10, 328 pp. (1979). — Giumann, E.: Die
Rostpilze Mitteleuropas. Beitr. Kryptogamenfl. Schweiz 12, 130—
144 (1959). — GremMeN, J.: Op Populus en Salix vorkommende Me-
lampsora-soorten in Nederland. Tijdschr. Plantenziekten 60, 243—
250 (1954). — Harremer, H. H. und Szrrz, F. W.: Einige Ergebnisse
von Testanbauten mit Aspenhybriden. 2. Silvae Genetica 16, 6—13
(1967). — Heatuer, W. A. and CHANDRASHEKAR, M.: Evolutionary,
epidemiological and ecological implications of forms of resistance
in Populus spp. to Melampsora leaf rust. Aust. For. Res. 12, 231—
244 (1982). — HeaTHeER, W. A., SHARMA, J. K. and MiLLer, A.: Hori-
zontal resistance in some clones of Populus spp. to Melampsora
larici-populina Kies. Mitt. Forstl. Bundesversuchsanst., Heft 127,
61—64 (1979). — KRraavenoorp, C. W. S. van: Melampsora poplar
leaf rust in New Zealand. Res. Report for 1973. Wellington, p. 9
(1974). — Macnant, G.: Investigations on the possibility of phy-
siological specialisation in Melampsora allii-populina. Pubbl. Cent.
Sper. agric. For. 8, 127—133 (1966). — MeLcuior, G. H.: Ziichtung
von Aspen und Hybridaspen und ihre Perspektiven fiir die Praxis.

Allg. Forst- u. Jagdz. 156, 112—122 (1985). — MzsrcHior, G. H. und
Serrz, F. W.: Einige Ergebnisse bei Testanbauten mit Aspenhy-
briden. 1. Silvae Genetica 15, 127—133 (1966). — Purres, D. H.
and Burpekin, D. A.: Diseases of forest and ornamental trees.
MacMillan Press, London, 435 pp. (1982). — Pinon, J.: Les rouilles
du peuplier en France. Eur. J. For. Path. 3, 221—228 (1973). —
RosinsoN, R. A.: Plant pathosystems. Adv. Ser. Agric. Sciences 3,
183 pp. (1976). —~ ScHwerDTFEGER, F.: Waldkrankheiten. P. Parey
Verlag, Hamburg. 486 pp. (1981). — Stern, K.: The theoretical
basis of rust resistance testing — concept of genetic gain in breed-
ing resistant trees. In: Bincuam, R. T., Horr, R. J. and McDonNALD,
G. I. (ed.): Biology of rust resistance in forest trees. Misc. Publ.
1221, 299—306 (1972). — THirlges, B. A.: A stirategy for breeding
population-based disease resistance in forest trees. Proc. Joint
Meet. Working Parties on Genetics about Breeding Strategies in-
cluding Muiticlonal Varieties, Sensenstein. p. 194—215 (1982). —
Vwioten, H. van: Is verrijking van de mycoflora mogelijk? Tijdschr.
Plantenziekten 50, 49—62 (1944). — WaeriscerBer, H.: Forstpflanzen-
ziichtung. Mitt. Hess. Landesforstverw. 19, 104 pp. (1983). — Wgerr-
sTEIN, W. von: Die Kreuzungsmethode und die Beschreibung von
Fl-Bastarden bei Populus. Z. Pflanzenziichtung 18, 597—626 (1933).
— ZycHa, H.: Krankheiten der WeiBpappeln und Aspen. Forst-
u. Holzwirt 17, 234—236 (1962).

Isozyme Differentiation of Upland and Lowland Picea mariana Stands
in Northern Ontario
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Summary

Patterns of allozyme variation among naturally estab-
lished upland and lowland black spruce (Picea mariana
(Mir.) B.S.P.) stands were studied from five locations
across northern Ontario. Variation in thirteen polymorphic
enzyme loci (AAT2, ACO, ALD, GDH, 6PGDI1, 6PGD2,
LAP1, LAP2, MDHI1, MDH2, MDH3, PGI and PGM) was
assessed using electrophoretic analysis of gametophytic
tissue. The average percentage of polymorphic loci was
higher for the five lowland stands (57.3%) compared to
the five upland stands (47.5%). In addition, the average
heterozygosities of the lowland stands were slightly, but
consistently higher (h = 0.23) than those of the upland
stands (h = 0.21). WricHT’s Fgp values calculated over all
loci indicated that upland stands were further differen-
tiated from each other (Fgr = 0.069) than were lowland
stands (Fgp = 0.048). Similarly, Ner's genetic distances
were larger between upland stands than among lowland
ones; the average distance between all upland/upland
pairings was 0.027 as opposed to 0.016 for all lowland/low-
land pairings. These results indicate that the five upland
stands were more differentiated than the five lowland
stands. Discriminant analysis of genotypic frequencies
showed that 70 percent of the black spruce trees were
correctly classified into upland and lowland categories.
Genetic differences between upland and lowland sites may
be related to differential survival of seedlings resulting
from selective edaphic effects. The distribution of vari-
ation appears to reflect more stringent location-specific
selection pressures on upland sites, in contrast to the ge-
nerally more favorable survival conditions for seedlings
on the five lowland sites. The greater heterozygosity in
the lowland stands may reflect a need for more vigorous
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growth in response to greater nutrient stresses on trees
after seedling establishment.
Key words: edaphic ecotypes, Picea mariana, isoenzyme variation.

Zusammenfassung

In natiirlichen Hoch- und Tieflandbestdnden von Picea
mariana (ML) B. S. P. and 5 Standorten in Nordontario
wurden die Variationsmuster der Allozyme untersucht. Die
Variation von 13 Isoenzym-Loci (AAT2, ACO, ALD, GDH,
6PGDI1,6PGD2, LAP1,LAP2, MDHI1, MDH2, MDH3, PGI und
PGM) wurde mittels Gel-Elektrophorese an Endosperm-Ge-
webe untersucht. Der durchschnittliche Prozentsatz poly-
morpher Loci war fiir die 5 Tieflagenbestinde héher (57,3
%) als fiir die Hochlagenbestinde (47,5). AuBerdem waren die
durchschnittlichen Heterozygotiegrade der Tieflagenstand-
orte zwar geringfiigig, aber bestindig, héher (h = 0,23),
als die der Hochlagenstandorte (h = 0,21). WriGHT's Fgp-
Werte iiber alle Loci zusammen berechnet, zeigten, daB

‘Hochlandbestdnde sich mehr voneinander unterschieden
(Fgp = 0,069) als die Tieflandbestinde (Fgp = 0,048). Ahn-

lich waren die genetischen Distanzen nach NEe1 zwischen
Hochlandbestédnden groBer als zwischen Tieflandbestédnden.
Der mittlere genetische Abstand zwischen allen Hochland-
Hochland-Paarungen war 0,027, gegeniiber 0,016 fiir alle
Tiefland-Tiefland-Paarungen. Diese Ergebnisse zeigen, da83
die 5 Hochland-Bestdnde mehr differenziert waren als die
5 Tiefland-Bestdnde. Eine Diskriminanzanalyse genotypi-
scher Hiufigkeiten zeigte, daB 70% der untersuchten Picea
mariana Biume korrekt in Hoch- und Tieflandgruppen
eingeteilt worden waren. Die genetischen Unterschiede
zwischen Hoch- und Tiefland-Standorten konnen mit den
verschiedenen Uberlebensraten der Sdmlinge, die aus den
selektierenden Bodeneffekten resultieren, in Beziehung
stehen. Die Variationsmuster scheinen einen stirkeren
ortspezifischen Selektionsdruck der Hochlandstandorte, ge-
geniiber den allgemein giinstigeren 5 Tieflandstandorten
widerzuspiegeln, die den Sdmlingen dort generell bessere
Uberlebensbedingungen bieten. Der héhere Heterozygotie-
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