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Short Communication

Estimation of mating-compatibility of the wild service tree
(Sorbus torminalis (L.) Crantz) by observing pollen tube
germination

Andrzej WOICIECHOWSKI', Leszek BEDNORZ”

' Department of Genetics and Plant Breeding, Agricultural University of Poznan, Poland
2 Department of Botany, Agricultural University of Poznan, Poland

Abstract. Cross-compatbility and self-compatbility in trees of Sorbus torminalis (L.)
Crantz were evaluated. Degree of mating-compatibility between three trees was deter-
mined by means of fluorescence microscope. Self-compatibility evaluated on the basis
of the pollen tube germination index showed that one tree is fully self-incompatible and
the other two are self-compatible. Observations of pollen tube germination showed full
cross-compatibility between trees under investigation.
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The genus Sorbus L. comprises about 250 species, which are widespread in
the Northern Hemisphere (PHIPPS et al. 1990). Of the 91 species occurring in Eu-
rope (PHIPPS et al. 1990), there are only five primary, diploid taxa: S. aucu-
paria L., S. aria (L.) Crantz, S. chamaemespilus (L.) Crantz, S. torminalis (L.)
Crantz and S. domestica L. (HEDLUND 1901). According to KOVANDA (1961)
these species have the same basic chromosome number (x = 17) and the unusual
chromosome numbers (e.g. 51, 68) are explained by aneuploidy. The others_are
thought to have been derived from these primary species, mostly by hybrid1§aF10n;
an exception is S. domestica as there are no known hybrid species which originate
from this species (HEDLUND 1901, LILJEFORS 1953, GABRIELIAN 1961,

KOVANDA 1961, PHIPPS et al. 1990).
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According to HEDLUND (1948) and GUSTAFSSON (1947) in the primary spe-
cies propagation is sexual and of hybrid origin it is asexual. HEDLUND (1948) also
came to a conclusion that although pollination may assist seed formation, it is not
indispensable and seeds are quite often formed by apomixis (especially
in polyploids). The observation made was confirmed by studies of CAMPBELL et
al. (1987) and JANKUN (1993), who furthermore proved that apomictic mode of
reproduction in Sorbus is more frequent than sexual. As a rule (in the Rosaceae)
diploid taxa are self-incompatible and polyploids are self-compatible, but excep-
tions have been reported (CAMPBELL et al. 1991).

S. torminalis is one of a few woody species protected by law in Poland. Its lo-
calities are dispersed and scanty, and the species is considered to be in decline, not
only in Polish forests but all over Central Europe (STECKI 1950, PACYNIAK
1991). That situation might be caused by different factors but in this case repro-
ductive biology of the species seems to be important. Hence, the aim of this study
was to explain whether seed set in S. torminalis could be affected by existence of
self-incompatibility.

The material used for the study consisted of pistils after self- and diallel
cross-pollination of three Sorbus torminalis (L.) Crantz trees. The pollination was
carried out in the Dendrological Garden of the Agricultural University of Poznan
in May 1999 at the temperature of about 24°C. The pollen was placed on stigmas
immediately after emasculation which was done at the stage of flower bud just be-
fore its opening. Pistils for the microscopic observation were fixed 24 and
48 hours after pollination, in the alcohol-chloroform-acetic acid fixature (6:3:1).
Then they were stained with aniline blue according to the methods of MARTIN
(1959) and HAWKINS, EVANS (1973). In determining the degree of pollen grain
germination a six degree scale was used: 0 = complete lack of tubes, 5 = the lar.gCSt
number (WOJCIECHOWSKI 1985). Five pistils were analysed from each combina-
tion and the numbers of pollen tubes were examined for stigmas, styles and ova-
ries by means of a fluorescence microscope. Mating compatibility of. the trees
under investigation was evaluated on the basis of the pollen germination index
(PGI) according to MATSUZAWA (1983):

PGI=(b+2c+3d+4e)/(atb+c+d+e),

where: a = number of pistils without pollen grains, b = number of pistils on which
pollen grains did not germinate, ¢ = number of pistils in which pollen grains gelr—
minated on stigmas, d = number of pistils in which pollen tubes entered the Styg
tissue, e = number of pistils in which pollen tubes penetrated near or enterc
the ovules. The trees which had PGI equal to or higher than 2 were regarded a$
compatible. : . )
In all three trees of S. torminalis germination of pollen grains on stigmas OC‘
curred 24 h after self-pollination (Figures 1-3). After that time pollen tl{bCS pen:s
trating the style tissue were also observed (Figures 4-7). Some dlffereng s
between tree 2 and two other trees occurred as regards the number of pollen tube



Figures 1-3. Pollen grains germinating on the stigma of Sorbus torminalis 1-tree No. 3, 24 h
_ tree No. 3. 48 h after self-pollination; 3 — tree No. 1, 24 h after

| self-pollination.
Figures 4-7. Pollen tubes on the stigma and in the style of the pistil. 4 —tree No. | - tree No. 3

48 h after cross-pollination; 5-6 — tree No. 2. 24 and 48 h after self-pollination; 7 — tree No. 2

< tree No. 1, 48h after cross-pollination.
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Figure 8. Intensity of pollen tube germination on stigmas, in styles gnd in ova.ries. in diallel
crosses of three trees of S. torminalis (Nos. 1, 2, 3) and after their self-pollination.
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and rate of their germination and penetration of the styles. These processes were
the slowest in tree No. 2. In this tree, pollen grains germinate as a result of
self-pollination about 24 hours after pollination but after 48 h the pollen tubes
were not found in the ovaries (Figure 8) and few of them were present in the upper
and mid parts of the style (Figure 6). The lack of pollen tubes in the ovary was
probably caused by an existing system of self-incompatibility which was active in
the style. PGI in this tree was low and ranged from 1.0 to 1.2 (Table 1). In the other
two trees PGI was higher and after self-pollination ranged from 2.4 to 2.5.

In the case of cross-pollination all the processes were somewhat more inten-
sive than after self-pollination. However, certain differences occurred as regards
the speed with which the pollen tubes were reaching the ovaries. The highest mat-
ing compatibility was observed in the crosses tree 1 x tree 2 and tree 3 x tree 1,
where PGI was equal to 2.8. Within other cross combinations PGI ranged from 2.3
to 2.5 (Table 1).

Table 1. Pollen germination index (PGI) in diallel crosses of
three trees of S. torminalis and after their self-pollination

Pollen germination index
Combination

after 24 h after48 h
Tree 1, self-pollination 2.4 2.4
Tree 2, self-pollination 1.0 1.2
Tree 3, self-pollination 24 2.5
Treel x tree 2 2.6 2.8
Tree 1 x tree 3 2.3 29
Tree 2 x tree 1 2.3 2.4
Tree 2 x tree 3 23 2.3
Tree 3 x tree 1 2.7 : 2.8
Tree 3 X tree 2 23 2.5

Among angiosperms there are over 3000 species which are self-incompatible
(DARLINGTON, MATHER 1949). In BREWBAKER'S (1959) opinion, self-incom-
patibility observed in angiosperms can be homomorphic or heteromorphic
(gamethophytic or sporophytic). Type of self-incompatibility usually is the same
in all species belonging to one family. For instance the Cruciferac and
the Compositae most often exhibit a homomorphic-sporophytic system. But there
are examples of families within which a mixed system exists. BREWBAKER
(1959) and VUILLEUMIER (1967) give examples of at least six families displaying
both homomorphic and heteromorphic systems of incompatibility. In the family

Rosaceae, to which S. torminalis belongs, the most common 1s heteromorphic syS-
tem (CAMPBELL et al. 1991).

The results of the present work indicate that two of three investigated trees of
S. torminalis are fully self-compatible and one tree is self-incompatible. In all
crosses of these trees cross compatibility was shown. The highest cross-com-
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patibility existed in combinations in which tree no. 1 was used as maternal or pa-
ternal form. According to HERMSEN and RAMANNA (1976) cross-compatibility
evaluated on the basis of the number of germinating pollen tubes cannot always be
confirmed by the number of formed seeds. This will be subject of further studies.
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