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Summary

A total of 49 families of controlled crosses between and
within Populus tremula and P. {remuloides 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, AMelampsora 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, dafl Melampsora magnusiana als Erre-
ger dieser Rostkrankheit in Betracht kommt. Zwischen
den Kreuzungsfamilien bestanden hoch signifikante Be-
fallsunterschiede. P. tremuloides-Familien zeigten die
groBte Resistenz gegen den Pilz, P. {remula-Familien wa-
ren dagegen am stdrksten befallen. Die interspezifischen
Hybridfamilien verhielten sich intermediér. Eine quanti-
tativ-genetische Analyse ergab, daB3 sich die Rostresistenz
wie ein quantitatives Merkmal verhilt, d.h. sie wird of-
fenbar durch zahlreiche Gene mit additiver Wirkung ver-
erbt. Die Selektion blattrostresistenter Elternbdume ftihrt
demmnach 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. Muicmion on his Glth birthday 1)

Direccién: Calle 34 No 309, 1900 La Plata, Argentina. Send Reprint
requests to B, R. Sweenas,

208

Leuce Duwy, 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 (Mercion and Serrz 1966, Harremen and Seirz 1967,
MercHior 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 (Burix 1957, FAO 1979). One of the commonest,
most serious, and widely distributed leaf disease of aspens
is the Melampsora leal rust, caused by several species
(GremMeN 1954, Pivon 1973, FAO 1979, Bunix 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 (Buniy and Zvcua 1973, FAO 1979, ScHwirpT-
reGer 1981, Punurs and Burorkin 1982, Burnin 1983). But
poplar species show a high genetic variation of resistance
to 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 (Garro and MELchior, in preparation).

2. Materials and Mcthods

2.1, Origin of the aspen clones

For the crossing experiments five female and three male
clones of P. fremula, 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
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Table 1. — The parent clones of Popuius tremula and P. tremu-

ioides.

clone nr. fenale |male provenance
Populus tresula L.
Brauna 11 x Saxony, GDR
Grof-Dubrau 1 X Saxony, GDR
Wedesbuttel 51 x East Prussia, USSR
Wedesbiittel 52 x East Prussis, USSR
Wedesbiittel E6 x East Prussia, USSH
Wedesbiittel S5 X East Prussis, USSR
cvs 52 X Luborec, CSSR
(15 - | % Haztocno, CSSH

Populus trezuloides Michx.

Thlendieksweg 1 % Maple, Ontnrio, Canada
Ihlendieksweg 3 X Maple, Ontario, Ceneda
Ihlendieksweg 5 x Maple, Ontario, Canada
T 428 x Maple, Ontario, Canada
T 44-60 x Upper Michigen, USA
T 141 * New Hoppshire, 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 ocutplanted
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 > 5 plants of
each family (= plot) in each replication, and with a spacing
of 20 X 15em.

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
(= 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 107 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 | Ptremuloides
oNd [w 52 [w 66|CvS5 Iht1 [Tus60|T 428 |T 141 | X
Brauna
1 &1 7 &9 mean score
GrDOubr 10-139 D
1 |54 58 54
14}
- i0-29 .
2|l ws ]
v 58 |58 5.8
= 10-35 .
1w g5 ez
6.1 6.1 6.1
40 =69
c 61 el
5.4 8.1 5.8 31 3.3 4.6 4.1 N
c“&_. 7 7 50-59
2|3 23
k= 14 14 12
=
= 6070
glhis| Vi 18
E 2.3 2.3 2.8 1.1 1.2 1.5 1.4 "
X 47 51 51 24 24 38 33 j138
Figure 1. — Mating design, mean infection scores of familles, and female and male parents.
Parents within a bracket do not differ significantly by Tukey's test (« = 0.05).
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Tuble 2. -— Characters of Melampsora species of the M. populina complex on poplars of the section Leuce in central Europe.

apecies uredinia urediniosporea poraphynes telioapores nlternnte teference
hant
form length x width wnll form hend length wnll length x width wnll
length x width
(rm) (pm) (ym) (ym) (prm) (pm) (ym) (pm)
M. Inrici- 0,5 ovnl to 15-22 % 10156 2 hend n-17 an-as 36 A0-60 » 7-12 1-2 lovix npp. Ghaumnnn (10959)
tresulne ohovate oblong
Kleb.
oval to 11-27 » 10-16 copitote, o-17 40-45 a-6 e == - Pinon (1973)
ohlong obhlong
ovaitd or 142024 % 13015119 2 cloviflorm 16-18 x 14.5-16.5 52(59)67 1.2-4.2 - - Larix spp. Cellerine and
globnid Anaelmi (107D
M. panilorqun n.&s nunl tn 15 22 x 11-16 2 hend 20-25 x 12-17 A0-60 a-7 20-35 x 7-11 1 Pinus app. Gilpmann (1959)
Hostr, elongate ohlong
onynid o 14-24 x 10-16 -- capitnte B-17 A0-55 - - -— - Pinon (1773)
Klohoid
M. rostrupil i awnl, 18-25 x 14-18 a globoid 15-23 50 1-6 25-40 x 5-12 1 Moreurinlis Giavmnun (19500
Wngner globoid to perennin
prjlylunﬂt
[ nunid, 17-28 ~ 14-1A - copitote, 14-25 e —— - - Finon (19710
Zlnhoid to globoid,
trinngulne elliptic
ownid, 15(21.5129 x 9(17)22 1 copitate, 14-19 x B8-10 40(45154 3-3.5 - Mercurinlis  Cellerine nnd
glabaid or dloboid prrennin Anselni (1979
anguler
M. mngnuninnn 0.5 ovnl Lo 17-21 % 12-1n a Aloboid 14-22 40-50 a-5 A0-60 x 7-10 1-2 Ched fdon s Ghumnnn ( 1959)
Wingner nhlong or mnjus, Cory
polygonnl dnlis envn,
., molidn
- avoild, 17-24 = 12-19 - globoid, - - - - - Finon (19710
globoid to npex
trinngular flattened
- avold, 12319 = Y(10) 14 a digitale 14-24 x 13-22 KILE LT 4.5-5.5 - - Chelidonium Cellerinn and
globoid or or mjusn, Cory-  Anselml (1979)
elongnte eopitnte inlin nolidn
M. apec. 0.5 polygon, J2% mez22)26 » 1316319 3.4 globaid, 1N, 5326 = 2(6)11 200466 x T.5010016 1.4 ? present sbudy
rlong. 19% . npex

elliptic 19%
globoid 156%
ovaid 1n%
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