Pyeslia, Praha, 60 : 193—213, 1988

Apomixis at the diploid level in Sorbus eximia
(Embryological studies in Sorbus 3)

Apomixie na diploidni drovni u jefabu krasového, Sorbus eximia
(Embryologické studie rodu Sorbus 3)

Andrzej Jankun and Miloslav Kovanda

JANKUN A.l) ot Kovanpa M.2) (1988): Apomixis at the diploid level in Sorbus eximia.
(Embryological studies in Sorbus 3). — Preslia, Praha, 60 : 193 —213,

Keywords: Sorbus, apomixis, apospory, diplospory, parthenogenesis, pseudogamy,
hybrid speciation, taxonomy, morphology.

Sorbus eximia Kovanpa, a hybridogenous species of S. aria x S. torminalis parentage,
i3 shown to be an apomict with two cytotypes, diploid (2n = 34) and tetraploid
(2n = 68). Special attention was paid to the embryology of the diploid cytotype where
apospory and diplospory were found to be present. The disturbed meiosis in macro-
sporogenesis leads to the origin of macrospores with unbalanced chromosome numbers.
Exceptionally ESs with a reduced chromosome number may be formed. The origin of
apomixis at the diploid level is considered. Analysis of morphological characters
is provided. The species is shown to be a neoendemic of the Bohemian Karst, Czecho-
slovakia, where it has been recorded in 10 localities. The total number of individuals

is about 90. Notes on ecology and ecobiology are given. Both parent species are diploid
with 2n = 34.

1) Jagiellonian University, Institute of Botany, Department of Plart Cytology and
Embryology, Grodzka 52, 31 044 Krakdw, Poland. 2) Czechosloval Academy of Sciences,
Botanical Institute, 252 43 Prihonice, Czechoslovakia.

INTRODUCTION

Our previous studies of the breeding systems of hybridogenous Sorbus
species (JANKUN et Kovanpa 1986, 1987, 1988) have indicated that they are
in the main similar to those operating in Scandinavian hybrids investigated
by LiLserors (1953, 1955). Apomixis and polyploidy, previously suspected,
were found to be present. At the same time, some phenomena not previously
known to occur in other species of Sorbus were noted, raising new problems
and making further detailed research necessary. Examples include auto-
nomous haploid parthenogenesis in S. sudetica (TavuscH) FrRITSCH (JANKUN
et Kovanpa 1986) and adventive (nucellar) embryony as well as chromosome
summation in 8. bokemica Kovanpa (JANKUN et Kovanpa 1987). It seemed
worthwhile therefore to make an embryological study of a diploid of hy-
brid origin, because almost all the Sorbus hybrids studied hitherto pro-
ved to be polyploid (triploid or tetraploid; see LiLserFors 1953, 1955,
JANKUN et Kovanpa 1986, 1987, 1988). Thus the main topic of the present
paper is the breeding system of 8. eximia Kovanxpa, involving 8. aria (L.)
CrANTZ (subg. Aria) and 8. torminalis (L.) CraNTz (Subg. Torminaria) as
the parent species.
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Tab. 1. — Chromosome numbers in Sorbus eximia and the parent species, S. arsa and S. lorminalis

Species Locality 2n n

S. eximia KovANDA Bohemian Karst, summmit area of 68 34
Doutnaé hill, limestone, 433 m

Bohemian Karst, Ve skaldch karst 34 17
plain, near Koda, limestone, 360 m

S. aria (L.) CRANTZ Bohemian Karst, summit area of 17
U k#ize hill, near Svaty Jan pod Ska-
lou, limestone, 380 m

S. torminalis (L.) CRANTZ (leské sttedohofi Mts., summit area of 34
Lovos hill, near Lovosice, basalt, 670 m

MATERIAL AND METHODS

The material for the present investigations was collected in two localities in the Bohemian
Karst, Czechoslovakia, in 1982 and 1984—1986 (Tab. 1). The methods of embryological and
karyological examination have been described in the first paper of this series (JANKUN et Ko-
VANDA 1986). The responsibilities for the various parts of the study remain the same.

RESULTS

Karyology

S. eximia has previously been described as a tetraploid, with 2n = 68
(Kovanpa 1984). An examination of additional material revealed that di-
ploids, 2n = 34, are also present (Tab. 1, Figs. 1, 2). The counts were made
on squashes of young anthers and on mitotic metaphases from hypanthium
or root-tips of young pot-grown plants. Further study is required to determine
the morphological characters, ecological preferences and geographical distri-
bution of the two cytotypes. Diploids seem to have leaves more obtusely and
more shallowly lobate than tetraploids but at present this is a mere guess-
work. Both the parent species, 8. aria and 8. torminalis, are diploid with
2n = 34.
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Figs. 1—2. — S. ew¢mia — metaphase plates. 1, diploid cytotype, 2n — 34 (from nucellus). 2,
tetraploid cytotype, 2n = 68 (from hypanthium). Bar = 10 pm.
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Figs. 3—11. — S. p.umm — microsporogenesis in the diploid cytotype. 3, diakinesis (10y 4+ 12y).
4, meta-anaphase 1. 5, anaphase I. 6 —7, telophase 1. 810, telophase 1I. 11, polyad of micro-
spores. Bar = 10 um.

Embryology
Microsporogenesis

In flower buds of S. eximia, the whole course of meiosis could be observed,
from early stages of the meiotic prophase to the tetrads of microspores.
Disturbances characteristic of hybrid taxa occur in the microsporogenesis of
the diploid cytotype (Fig. 3—11). The course of early meiotic prophase was
regular. Only bivalents and univalents (121 + 10;1) were seen in the dia-
kinesis (Fig. 3). In metaphase I, the congression!) of chromosome associations
in the metaphase plate was not always regular, univalents occurring quite
often outside the equatorial plane of the spindle. In anaphase I, univalents

1) See liu.mncmou 1937.
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Figs. 12— 14. — S. ewimia — macrosporogenesis (metaphase I) in the diploid cytotype. 12, 10y +
1253. 13, 121 -+ 1ly5. 14, 14; 4 1015, Bar = 10 pm,

had already reached the poles of the spindle while bivalents persisted in
the equatorial plane (Fig. 4). Sometimes a part of the chromosomes continued
in the equatorial plane while the others had reached the opposite poles (Fig. 5).
In addition to these disturbances, in the majority of interphase cells only two
daughter nuclei occurred. In the telophase it was possible to discern chromo-
somes remaining in the cytoplasm (Fig. 6) and micronuclei (Fig. 7). In meta-
phase I, the axes of spindles were positioned vertically or parallel to each
other (Fig. 9); the oblique position (Fig. 8) may result in a fusion of telophase
groups. Lagging chromosomes (Fig. 9), sometimes producing micronuclei
(Fig. 10), could be seen among these groups. The majority of tetrads had
a typical structure. The micronuclei cut off the cytoplasm, producing micro-
cytes, or continued in the cytoplasm of the microspore (Fig. 11). Besides
normal pollen grains with a reduced number of chromosomes and microcytes,
giant pollen grains with an unreduced chromosome number were pwwnt
The stainability of pollen as shown by the acetocarmine test was c. 63 9.

Gynoecium and the development of ovules

The gynoecium of S. eximia is syncarpic, consisting of two or rarely three
oarp(,lb coalesced up to 1/3—1/2 of the length of the styles (Fig. 26). The
ovary is semi-inferior, each loculus conta,l.mng two ovules of which, as a rule,
only one develops into seed. In the early stages of the development, sub-
epidermal cells in the apical part of the ovule increase in size (primary
archesporium cells) and cut off the parietal cells. As in other species of
Sorbus, the archesporium is multicellular and it is very difficult to define
any distinet boundary between the secondary archesporium cells and the
outer cells. When mature, the ovule is anatropous, biteguminous and crassi-
nucellate. In many ovules it is possible to observe degeneration of the primary
or secondary archesporium cells.
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Figs. 15— 16. — S. eximia — macrosporogenesis (second meiotic division) in the diploid cytotype.

15, micropylar cell of a dyad: prophase nucleus containing 15 chromosomes, 2 chromosomes
remaining in the cytoplasm as a result of disturbances in the first meiotic division. Chalazal cell:

metaphase with 15 chromosomes, 2 chromosomes remaining in the cytoplasm as a result of
disturbances in the first meiotic division. 16, micropylar cell of a dyad: metaphase with 21 units

(13 chromosomes with 2 chromatids from the division of bivalents and 8 from univalents whose
sister chromatids divided in the first meiotic division). Chalazal cell: irregular division of chromo-
somes in anaphase: 12 4 22. Apparent conjugation in metaphase 1: 8; 4 131;. Bar = 10 pm.

Macrosporogenesis
The entire course of macrosporogenesis was studied only in the diploid

cytotype (Tab. 2). The stages of meiotic prophase were regular.

A pre-meiotic stage (synapsis) was observed, as a rule, in one cell of the
ovule but ovules with two or three cells in synapsis were also noted. Meiosis
may take place in two adjacent cells.

In a number of cases, we observed meiosis in the mother cells of embryo
sacs. In metaphase I, congression of chromosomes is quite regular (Fig. 12).
In addition to bivalents, there are also univalents present. The conjugation
of chromosomes varies over a wide range; there were for instance 13 bivalents
-+ 8 univalents, 12 bivalents -+ 10 univalents (Fig. 12), 11 bivalents - 12
univalents (Fig. 13), 10 bivalents 4 14 univalents (Fig. 14). Univalents seem
to proceed towards the pole. Some lagging chromosomes may remain in the
cytoplasm of the dyad cells (Fig. 15). Daughter nuclei of the dyad have a
reduced and sometimes also diminished number of chromosomes (15 instead
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of 17; Fig. 15). As a rule, the second meiotic divisions are not synchronic in
the two colls of the dyad. The micropylar cell of the dyad is smaller and is
retarded in relation to the chalazal cell (Fig. 15).

Some of the plates seen are difficult to interpret. For instance, the chromo-
some numbers occurring in the cell of a dyad (Fig. 16) may be understood
only by assuming that univalents divide in Mmphase I; such a phenomenon
has been observed by LinJerors (1955) in the microsporogenesis of a number
of species of Sorius. In the dyad discussed, 21 mot@phas chromosomes are
present in the micropylar cell, while 34 anaphase chromosomes are seen in
the chalazal cell. It seems llko]\' that in metaphase | there were 13 bivalents -
8 univalents present. In anaphase I, following the division of unlvalent% and
bivalents the daughter nuclei possessed 21 chromosomes (13 + 8) instead of
17. In anaphase 11, only chromosomes arising from bivalents (]1\'1(10, resulting
in 13 -~ 13 chromosomes and 8 chromosomes from the univalents. In the case
analysed, the division of chromosomes in anaphase 1I was irregular; at one
pole there were 12 chromosomes while at the other there were 22.

A dyad was also observed containing two nuclei in the micropylar cell and
three nuclei of different size in the chalazal cell. These disturbances result
in the origin of an unviable dyad with an unbalanced chromosome number.
Only dyads with chromosome numbers approaching the haploid number
may be expected to continue their development. Following the second
meiotic division a tetrad of macrospores originates, usually arranged linearly.
In two cases the vertical arrangement of the spindles suggested that tetrad
of the T type originate. Only in three instances in the diploid cytotype and
in two instances in the tetraploid cytotype: was the development of a 1-
nucleate ES from the chalazal macrospore seen (Fig. 20).

Development of apomeiotic embryo-sacs

In the majority of ovules examined, the somatic cells surrounding the
archesporium cells increase in size, their cytoplasm becomes more stainable
and they turn into mother cells of apomeiotic I£5s (Fig. 18).

In the diploid eytotype, the presence of diplospory (with nuclei of the
archesporium cells entering mitotic prophase; Figs. 18, 19) was noted spora-
dimlly Apospory is certainly the prevailing type of the development of
ESs in the diploid 8. eximia.

In certain ovules, one or several apomeiotic ESs may develop (Fig. 17).
They may differ in the stage of their development: for instance, four I-
nucleate ESs 4 two 2-nucleate IK5s, S-nucleate ES 4 2-nucleate ES - 1-
nucleate ES (Tab. 2). The initial cells of apomeiotic ESs increase in size,
undergo vacuolation and become I-nucleate KKSs (Fig. 17). The vacuoles are
found mthm in the chalazal or ml(‘rop\ lar part or at both poles of the cell.
The following mitotic divisions give nsc to 2-nucleate KSs, then to 4-nucleate
and finally to 8-nucleate ESs. The 2-nucleate and 4-nucleate ESs showed
regular polarisation, while in several 8-nucleate ESs irregular polarisation
was noted: two nuclei at the micropylar pole and six at the chalazal pole,
with all the nuclei found in the chalazal part of the ES. In yet another case,
the nuclei were found in the marginal part of the IES. A typical mature
8-nucleate ES possesses the egg apparatus at the micropylar pole (egg cell
two synergids with fibrillar apparatus), two polar nuclei in the central cell
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Figs. 17—19. — S. eximia — origin of ESs in the diploid eytotype. 17, four 1-nucleate apomeiotic
ESs and two dogenerating cells of secondary archesporium (hatched). 18, diplospory: mitotic
prophase in a cell of secondary archesporium. Note the three initial cells of apomeiotic ESs below
the archesporium cell. 19, prophase nucleus of archesporium cell, 2n = 34. Bars —= 10 pm.

and three short-lived antipodals in the chalazal part. In the material analysed
both ESs with reversed polarisation and monopolar Ss (with egg apparatus
and antipodals at the chalazal pole) occurred.

The present embryological studies have also shown that in the tetraploid
cytotype of 8. eximia the aposporous type of development of ESs is prevalent
(Tab. 3). The 1-nucleate meiotic ESs were seen only in two instances. Apo-
meiotic ESs develop as a rule from the cells below or at the side of the group
of archesporium cells. In one case a 4-nucleate apomeiotic ES was observed
developing above the tetrad of macrospores (Fig. 21), with an additional
2-nucleate apomeiotic IS at the level of the tetrad. The disturbances in
polarisation and structure of KESs characteristic of apomictic taxa were
also present. The 16-nucleate ES seen in Fig. 22 apparently originated by a
fusion of two 8-nucleate ESs. Two antipodals were formed at the micropylar
pole, an egg apparatus at the chalazal pole, another egg apparatus is found
in the central part of the ES and two groups of polar nuclei (3 - 5) are found
in the central cell. Yet another ES with reversed polarisation (Fig. 23) has
three antipodals at the micropylar pole and one synergid - two egg cells
after fertilisation at the chalazal pole; in the central cell there are two nuclei
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Tab. 2. — Summary of the ovules examined (diploid eytotype, 2n = 34)

Stage N umber
of ovules
Viable ovules
Primordia of ovules 41
Early stages of development (prior to differentiation of archesporium) 54
Primary archesporium 14
Secondary archesporium 118
Secondary archesporium - initial cells of apomeiotic ESs 25
Synapsis I
Synapsis - initial cells of apomeiotic ISs 7
Synapsis - two l-nucleate apomeiotic ESs 4 initial cells of apomeiotie
ESs )
Synapsis 4 two apomeiotic ESs
Leptotene
Leptotene -+ two apomeiotic ESs
Zygotene
Zygotene - initial cells of apomeiotic ESs
Pachytene
Diakinesis

Diakinesis - initial cells of apomeiotic ESs

Metaphase [

Ana-telophase I

Telophase 1

Dyad

Dyad -+ initial cells of apomeiotic ESs

Dyad -+ two 1-nucleate apomeiotic ESs

Second meiotic division

Remnants of a dyad

Tetrad

Tetrad 4 initial cells of apomeiotie ESs

Tetrad -} 2-nucleate apomeiotic KS + 4-nucleate ES
1-nucleate ES developing from the chalazal macrospore
1-nucleate diplosporous ES

Remnants of a tetrad

Remnants of degenerate archesporium

Remnants of archesporium - initial cells of apomeiotic ESs
Remnants of archesporium - l-nucleate apomeiotic KS
Remnants of archesporium + two l-nucleate apomeiotic ESs
Two I-nucleate apomeiotic ESs

Four 1-nucleate apomeiotic 1Sxs

2-nucleate ES

2-nucleate ES (metaphase, 2n = 34)

Two 2-nucleate ESs

Two 2-nucleate ESs + one l-nucleate ES 4 initial cells of apomeiotic ESs
4-nucleate ES

Two 4-nucleate ESs (metaphase, 2n = 34)

4-nucleate ES -+ two 2-nucleate ESs

8-nucleate ES (with regular polarisation — nuclear stage)
8-nucleate ES (with irregular polarisation — nuclear stage)
8-nucleate mature ES (with regular polarisation)

8-nucleate mature ES (with reversed polarisation)
8-nucleate mature ES (with egg apparatus and antipodals at the
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chalazal pole) 1
8-nucleate ES + two l-nucleate ESs 1
8-nucleate ES 4 2.-nucleate ES - 1-nucleate ES 1
8-nucleate ES - 4-nucleate ES 3
Two 8-nucleate ESs 11
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Tab. 2 (centd.)

Egg cell (mitotic prophase) 4 two polar nuclei 1
Remnants of degenerate egg apparatus -+ nuclear endosperm 4
Multicellular embryo -+ nuclear endosperm 15
Two multicellular embryos | nuclear endosperm 1
Three multicellular embryos -+ nuclear endosperm 1
Multicellular embryo -+ cellular endosperm 14
Multicellular embryo 4 degenerating endosperm 2

Degenerated ovules

Young ovules (integuments have not yet reached the top of the nucellus) 8
Older ovules 4
8-nucleate ES 67

Collapsed walls of ES (probably representing the degeneration of an
8-nueleate KS) 88
Multicellular embryo -+ nuclear endosperm 4
Total 769

each of which has been fertilised. This accumulation of anomalies is suggestive
of the aposporous origin of the ESs.

Development of the embryo and endosperm

The egg cell of apomeiotic ESs develops parthenogenetically but the ferti-
lisation of the secondary nucleus is necessary for the development of the
endosperm — a case of pseudogamy. The presence of pseudogamy has been
experimentally proven in both the cytotypes of 8. evimia: emasculated and
isolated flowers failed to produce any fruits (see below). Another proof in
the diploid cytotype is the chromosome number of the endosperm, 5n = ¢. 85
(Fig. 24). In one ovule of the diploid cytotype the chromosome number
6n = c. 102 (Fig. 25) was counted, probably a result of fertilisation by two
sperms (34 + 34 -} 17 4 17) or by a sperm with unreduced chromosome
number.

The occurrence in 8. eximia of different numbers of polar nuclei and their
separate fertilisation (unfused; Fig. 23) suggests that there may be different
initial chromosome numbers in the endosperm. It should be noted that
beginnig from the stage of nuclear endosperm, disturbances leading to the
polyploidisation of nuclei occurred. In the cellular endosperm there were
cells with single nuclei at different ploidy levels as well as multinucleate
cells. The embryo develops at the micropylar pole. There is however no
definite correlation between the development of the embryo and that of the
endosperm. In one case we observed a prophase in the egg cell and two polar
nuclei, elsewhere remnants of degenerating egg apparatus were found together
with nuclear endosperm. Two cases of polyembryony proper were noted
in the diploid cytotype. Besides embryos that originated from the egg cell,
nucellar embryos also developed.

201



Figs. 20-21. — 8. eximia — origin of ESs in the tetraploid cytotype: 20, @ot,.rm:}?f mal(:::)s:[;:;:rs!;
a l-nucleate BS developed from the chalazal inacrospore. The broken line dohmlitﬂ : \]T 3}‘.0" ;I -
cell at synapsis and three parietal cells. 21, tetrad of macrospores (with ou_ttlj U‘ ; vl‘;;le’n-ukou
dw'em’r{itv) The apomoiotic IS at the level of the tetrad of macrospores delimited by th

gene . The
line. Bar = 10 yum.
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Figs. 22— 23, — 8. eximia — irregularly polarised and organised ESs. 22, 16-nucleate ES. Micro-
pylar pole — two antipodals, central part — egg apparatus, chalazal pole — another egg appara-
tus, central cell — two groups of polar nuclei (5 4 3). 23, 8-nucleate ES. Micropylar pole — 3
antipodals, central part — two fortilised polar nuclei, chalazal pole — one synergid and two

fertilised egg cells. Bar = 10 pm.
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Figs. 24—25. — S. ewimia — (pseudogamy) — chromosome numbers of endosperm in the diploid
eytotype. 24, prophase with 5n = ¢. 85 (two polar nuclei with the somatic chromosome number
and a sperm with a reduced number: 34 | 34 -} 17 — 85). 25, metaphase with 6n = c. 102
(probably two polar nuclei and two sperms: 34 4 34 + 17 { 17). Bar = 10 pm.

Tab. 3. — Summary of the ovules examined (tetraploid eytotype, 2n = 68)

Stage Number
of ovules
Remnants of degenerate archesporium 11
Secondary archesporium | initial cells of apomeiotic ESs 14
Synapsis
Tetrad

Tetrad + 4-nucleate ES

I-nucleate ES developing from the chalazal maecrospore
I-nucleate apomeiotic ES

Three 1-nucleate apomeiotic ESs

2-nucleate ES

Two 2-nucleate ESs

4-nucleate ES + l-nucleate ES

4-nucleate ES + 2-nucleate ES

8-nucleate ES (with regular polarisation — nuclear stage)
8-nucleate ES (with irregular polarisation: 6 -+ 2 nuclei)
8-nucleate ES (with irregular polarisation — nuclear stage) -+ 2-nucleate ES
8-nucleate matuwre ES (with regular polarisation)
8-nucleate mature ES (with reversed polarisation)
8-nucleate mature ES with three polar nuclei

Two 8-nucleate ESs

Degenerating 8-nucleate ESs

16-nucleate ES (with reversed polarisation)

ES growing into micropylar canal

Nucellus overgrowing micropylar canal

(3]
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Total 109

204



B "axonomy

The first collections of the material now referred to 8. eximia were made
>y Gunther Beck von Mannagetta, then Professor at the German University
11 Prague, in the vicinity of Srbsko and Hostim in 1918 and 1920. Beck iden-
Sified some of the gatherings as a hybrid 8. arta X 8. torminalis on the labels
—>ut never published the records. Neither did Professor Jaromir Klika who
—ollected the plant at Koda in 1942—1946 and also recognised its hybrid
z2ature. Occasional collections by other authors remained unnamed. One of
18 (M. K.) studied this taxon in the field in 1963 —1968 and 1978 — 1983 and,
FHased on these studies and preliminary results of embryological investigation,
=Jlescribed it as a hybridogenous species (Kovanpa 1984). Field studies were
-ontinued in 1984 —1986. A full description is given below:

Sorbus eximia Kovanpa Preslia 56 : 170, 1984

Trees or shrubs 3—10 (—15) m tall. Buds acute, almost completely glab-
rous. Leat blade broadly ovate to broadly elliptic, pinnatilobate (with acute,
serrate lobes), doubly serrate in the upper part, remotely serrate in the lower

part, (8.0—) 9.5—11.5 (—12.5) ¢m long and (5.5—) 6.56—9.0 (—10.5) cm
Wldf, tomentose beneath, glabrescent on the upper side, with (7—) 8—10
pairs of veins; petiole (1.8—) 2.3—2.9(—3.3) em long. Inflorescence a rather
lax corymbothyrsus with tomentose, glabrescent branches. Hypanthium
turbinate, tomentose; calyx-teeth triangular, acute, 2.4-—3.2 mm long,
patent, persistent; pebals bloadly ovate to broadlv olhptlc with a short
daw, 6.4—9.0 mm long, villous at the base on the adaxial side, yellowish-
white; stamens 20; anthers yellow; ovary semi-inferior; styles 2, rarely 3
lexceptionally 4), villose at the base, coalesced to 1/‘3~1/ ; stigmas flat.
Fruits broadly ellipsoid to globose, (11—) 12—13 (—14) mm long and (9—)
10—11 (~—12) mm in dmmetu orange, glabrous shiny, lenticellate; endo-
ualp cartilaginous. Seeds chestnut br own, 4.3—5.1 mm long (Plates XIT—XIV,
figs. 26— ‘3])

In these characters, S. evimia fits into the group of hybridogenous inter-
nediates linking S. aria (L.) CranTz s.l. and S. torminalis (L.) CrRANTZ. A
rumber of such taxa have been described from Southern England (War-
3URG 1957), the German Democratic Republic and the F odoral Republic of
Germany (Dtrn 1961), Hungary (KArraTr 1960) and Slovakia (Kovanpa
1961, KArraTt 1966); for a review, see also WARBURG et KArRPATI (1968). In
the Czech Lands, the only other representative of this group so far known is
8. bohemica Kovanpa, derived from hybridisation between 8. danubialis
(JAv.) K&rrArt and S. torminalis (L.) CRANTZ (see KovanDa 1961b, JANKUN
ot Kovanpa 1987). From 8. bohemica, 8. eximia is readily distinguished by
its larger, mostly ovate leaves, longer petioles, patent calyx- te(\th laruer‘
petals, fruits densely lenticellate and thinner endocar p.

It will be seen from Tab. 4 that in its morphology, S. eximia combines
characters of two distinet species, each representing a different subgenus.
In its general appearance, S. eximia approaches members of subg. Aria
rather than S. torminalis but differs in the partly fused styles, a character
present, in Europe and S. W. Asia, only in 8. torminalis and its hybrids.
The orange colour of the fruits and their lack of indumentum, the flat s’mgm&
and the structure of the endocarp are also characters not found in subg.
Aria.
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Figs. 26 —31. — S. eximia. 26, longitudinal section of flower. 27 —31, early stages of ontogenic
development. (Orig. J. Sojak.)

The fluctuation in the degree of fusion of the styles (even within one indi-
vidual) is paralleled in 8. bokemica, a hybrid of the 8. danubialis x S. tor-
manalis parentage (JANKUN et KovaNDA 1987), and in S. austriaca (G. BECK)
HeEepL., derived from 8. aria > 8. aucuparia (Kovanpa 1961a), even though,
strictly speaking, in the latter species it is the ovaries that coalesce, not the
styles.

The stellate lenticels found copiously on the bark of older trunks (Plate X111,
4) are a distinctive feature of 8. eximia.

Because the parent species, S. aria (L.) CranNTZ and 8. torminalis (1..)
CraNTZ are frequent in the distribution area of 8. eximia (the former species
has the centre of its distribution in the CSR in that area) and often occur in
neighbouring habitats, great care was taken to see if there were any traces of
introgressive hybridisation or F; hybrids in nature. None were found, sug-
gesting perhaps that between the parent species there is a strong barrier
which did however once collapse to give rise to the present S. eximia.

8. eximia has previously been shown to contain flavone O-glycosides (luteo-
lin 7-O-rhamnosylglucoside, luteolin 7-O-diglucoside, luteolin 4'-O-gluco-
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Tab. 4. — The distinguishing characters of S. eximia, S. aria and S. torminalis

S. aria

S. torminalis

Underside of leaves

Number of veins
(pairs)

Length of petiole
(mm)
Inflorescence

Calyx-teeth

Petals

Ovary
Styles

Stigma
Indumentum of fruit
Colour of fruit
Mesocarp

Endocarp

S. eximia
Tomentose
(7—) 8—10

(18- ) 23—29 (—33)

Lax, branches
tomentose

Patent, 2.4— 3.2 mm
long, persistent

6.4—9.0 mm long,
shortly unguiculate
Semi-inferior

2 (- 3), coalesced to
1/3--1/2, woolly at
base

Flat

Absent

Orange, shiny
Heterogenous
Cartilaginous

Tomentose
(7—)9—11 (—13)
(7—) 9—18 (—20)

Dense, branches
tomentose

Deflexed, (3.5—)
4.0—4.8 (—5.0) mm
long, persistent
6.2— 8.0 mm long,
shortly unguiculate
Semi-inferior

23, free, wooly at
base

Convex
Present

Red, shiny
Heterogenous
Cartilaginous

Glabrous or sparsely
hairy
(5—) 6—7(—8)

(18—) 20— 38 (—54)

Lax, branches
Glabretcent

Patent, 2.0— 2.5 mm
long, deciduous

4—5 mm long, ex-
unguiculate
Inferior

2, coalesced to 1/3—1/2

glabrous

Flat

Absent

Brown, not shiny
Homogenous
Stony

side), characteristic, in Europe, of 8. torminalis and 8. chamaemespilus as
well as their hybrids. Vitexin (apigenin 8-C-glucoside) was found to be absent,
indicating that 8. eximia may have resulted from back-crossing of the F,
hybrid (8. aria x 8. torminalis) with S. aria during which the genes for
flavone C-glycosylation have become segregated from the genes for flavone
O-glycosylation. Other taxa of the Aria > Torminaria parentage, including
S. bakonyensis (JAv.) KArrATI, 8. semiincisa BORBAS, S. bohemica KOVANDA
and 8. slovenica Kovanpa, are supposed to have originated in the same
way (see CHALICE et Kovanpa 1978, 1986). In S. bohemica, this hypothesis
has been corroborated by embryological evidence (JANKUN et Kovanpa
1987).

Geographical distribution

8. exvimia is confined to the warm (average annual temperature, 9 °C) area
of Devonian limestones between Prague and Beroun, which since the 1950s
has been known as the Bohemian Karst (Cesky kras). It has to date been
confirmed from 10 localities (Fig. 32, 33), none separate by a gap of more
than 4 km. At the time of publication of the name §. eximia (KovaNDA 1984),
only four localities were known. The fifth, the karst plain Ve skaldch near
Koda, was discovered in 1984 (see CHALLICE et see KovaNDA 1986) and the
sixth, Svaty Jan pod Skalou, in 1985. Four more stations were found in
1986. The following complete list of localities is arranged from west to east
and from north to south:
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Fig. 32. — Distribution of S. eximia in the Bohemian Karst. 1, U krize hill. 2, Vysoka stran hill.
3, between Hostim and Bubovice. 4, Doutnac hill. 5, Pani hora hill. 6, Koda forest. 7, Ve skalach
karst plain. 8, Mramor hill. 9, Plesivec hill. 10, Haknova hill.

. Summit area of U kiize hill, 396 m, near Svaty Jan pod Skalou
Summit area of Vysokd stran hill, 435 m, near Hostim

. On road from Hostim to Bubovice, 1 km from Bubovice, 350 m
. Summit area of Doutndg¢ hill, 433 m, near Srbsko

. Summit area of Pani hora hill, near Bubovice, 380 m

Koda forest, N. slope (N. of point 390 m), 360— 380 m

Ve skalach karst plain, near Koda, 360 —380 m

Mramor hill, near Liten, N. margin of the plateau, 450 m

. Summit area of Plesivec hill, 362 m, near Karlstejn

. Summit area of Haknové hill, 402 m, near Karlstejn

O ©WND® O W =

—

It will be seen that the altitudinal range is small, from c¢. 350 m (near
Bubovice) to ¢. 450 m (Mramor hill). Both 8. aria and S. torminalis are
frequent in the area and even extend to the adjacent cooler regions (districts
of Krivoklatsko, Podbrdsko and Stredni Povltavi) but S. eximia does not.

Because S. eximia clearly prefers summits of hills for its habitats, a survey
of them was made in 1985—1986 in an attempt to detect more stations. The
following list of hills is of those where the species has not been recorded:

Kolo hill, 407 m, near Lodénice

Herinky hill, 440 m, near Listice

Nameless hill (point 390 m) N.W. of Hostim
Boubova hill, 430 m, near Hostim

Velk4 hora hill, 422 m, near Srbsko

Chlum hill, 348 m, near Srbsko

Javorka hill, 384 m, near Karlstejn

Knézi hora hill, 357 m, near Karlstejn
Vyska hill, 425 m, near Mofina

Koukolové hora hill, 471 m, near Popovice
Damil hill, 396 m, near Tetin

Zlaty kim hill, 475 m, near Konéprusy
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Fig. 33. — Distribution of 8. eximia in the CSR.

Tobolsky vrch hill, 467 m, near Tobolka
Kobyla hill, disused quarry, 430 —470 m
Vysokéa skdala hill, 472 m, near Vseradice
Bacin hill, 499 m, near Vinatice?2)
Samor hill, 481 m, near Vinafice

However careful, this survey only indicates where S. eximia has not been
found, not where it does not occur. If the search is continued, it will certainly
bring to light new records.

Ecology and phytocenology

Whereas 8. aria and 8. torminalis occupy, to a certain extent, separate
ecological niches, 8. eximia manages to merge the requirements of both the
parent species, thus acquiring considerable ecological plasticity. It is found
growing in a number of plant communities, ranging from Quercus pubescens-
scrub, subxerophilous oak woodlands (alliance Quercion pubescenti-petraeae)
and xerothermous herb communities on shallow skeletal soils (alliance
Festucion wvalesiacae) to the species-rich mesophilous oak-hornbeam and
oak-lime woodlands (alliance Carpinion, order Fagetalia sylvaticae).

Aspect seems to be of little importance. The largest population (Ve ska-
laich near Koda) is on the southern slope but the next twoelargest both face
north and on the Doutnac hill the specimens are found scattered on all sides
of the hill except the forest steppe on the S. E.

Ecobiology

8. eximia flowers in the latter half of May and its fruits ripen in late
September. Fruits are produced in quantity every year. Second flowering,
frequent in 8. bohemica, has not yet been observed in this species.

2) The highest elevation in the Cosky kras Protected Landscape Area.
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The number of seeds per loculus varies as it does in S. bokemica, the most
frequent type of fruit being one with a bilocular endocarp, one loculus con-
taining one seed, the other empty, followed by a bilocular endocarp with one
seed in each loculus.

The viability of seed was found to be good, varying from 48 to 59 9.
For the seeds to germinate, stratification or sowing in pots embedded in soil
over winter is required. The seedlings have two cotyledons that are broadly
elliptic to suborbicular, obtuse, cuneate at base, entire, 6—8 mm long and
5—7 mm wide. In the first year of life, one to three leaves are produced.
(Figs. 27—31, Plate X1V, 6). In nature, seedlings are of frequent occurrence
in the Ve skaldch topodemc bub rather rare elsewhere. It is obviously the
closed woodland in these habitats that hinders the establishment and survival
of the seedlings.

In order to asses the extent of apomixis and the possible presence of pseu-
dogamy, isolation and emasculation experiments were performed in 1986.
Isolated flowers were found to produce no seed. In 150 flowers (of two indi-
viduals: 100 -+ 50) isolated in the Ve skaldch locality, no fruit set at all was
observed. Of 20 emasculated (and isolated) flowers (from other two indi-
viduals: 10 -}- 10), two did set fruit but their development was soon arrested
and they contained no vestiges of seeds.

At present, some 90 specimens of different age (not counting seedlings)
are on record. The one thought to be the oldest (Plate X1I, 1, 2) was subjected
to tree ring analysis and its age was found to be c. 85 years.

DISCUSSION

Perhaps the most important (and most surprising) result of our study in
8. extmia is the occurrence of two cytodemes, diploid and tetraploid, com-
bined with apomixis. In the plant kmgdom apomixis is known to be largely
confined to polyploids and is rare in diploids. In the genus Sorbus, all the
apomictic hybrids so far examined proved polyploid (triploid or tetraploid;
Linyerors 1953, 1955, JANKUN et Kovanpa 1986, 1987, 1988). The only
diploid apomicts on record in the Malaceae are apparently certain species
of Malus (KonsTaNTINOV 1958, KRYLOVA 1981). Examples in the Rosaceae
s. str. include Potentilla argentea agg. (MUNTZING 1928, 1958, ASKER 1971,
1976) and P. aurea (SHIMOTOMAI 1935); a strong apomeiotic tendency is
known to occur in the dip]oid Waldsteinia geoides (Czapik 1985). In other
plant families, diploid apomixis has been reported for Hieracium umbellatum
(GusrarssoN 1946), Arabis Holboellii (BocuER 1951), the dihaploid Ranun-
culus auricomus obtained experimentally by NoarLer (1984), as well as for
the aposporous dihaploids of Ranunculus argoviensis (NogLER 1984). NOGLER
(1. c.) considers that in Ranunculus auricomus the capacity for apomixis cannot
be transmitted by haploid gametes but only by diploid (reduced or un-
reduced) or polyploid ones. The experimental diploid Ranunculus auricomus
originated as a dihaploid; its apospory is due to a dominant gene (NoGLER
1986). STEBBINS (1971) suggests that in some groups, such as the genus
Citrus and some species of Potentilla, apomixis has developed in dlplmd
species or hybrids. According to RuTISHAUSER (1967) and AskEr (1971),
apomixis at the diploid level is determined by independent systems of recess-
ive genes, which control the elementary apomictic processes: apospory,
diplospory and parthenogenesis. The genes have a quantitative effect.
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In Sorbus, the genetical mechanism of apomixis is still poorly understood.
Apomixis at the diploid level in 8. eximia might have originated in two ways:

(1) By achieving the capability of apomictic reproduction as an escape
from sterility by the selection of primary hybrids which inherited the ten-
dency towards the aposporous development of ESs from the parent species.
This contention is supported by the fact that in one of the parent species,
the diploid 8. arie (L..) CraNTz Which reproduces sexually, a tendency towards
aposporous development of the ES was noted (JANKUN et Kovanpa, un-
published). It is of some interest that Kumrsanov et PANFILKINA (1974,
1976) crossed the diploid S. aucuparia L. var. moravica with different mem-
bers of the M aluceae (Sorbus aucuparia L. var. rossica, 8. sambucifolia ROEMER,
Aronia melanocarpa HuyNnoLp, Pyrus communis L. and Cydonia japonica
Pers.) and obtained a considerable number of seedlings of maternal type.
Based on these results, they suggest that apomixis may be present.

(2) By way of parthenogenetical development of an egg cell with a reduced
number of chromosomes (as a dihaploid), because in 8. exemia both diploid
and tetraploid eytodemes are known to occur. The tendency towards parthe-
nogenetical development of a reduced egg cell has been observed in the
tetraploid 8. sudetica (TAvscn) FrirscH (JANKUN et Kovanpa 1986). NOGLER
(1984), studying Ranunculus auricomus, concludes that diploid apomicts can
originate only as dihaploids but not as hybrids. Our findings would seem to
indicate that in Sorbus other ways of or igin of dihaploid apomicts are possible
as well. 1t should be pointed out that some of the apomictic dihaploids of
Ranunculus awricomus are no doubt vigorous enough to survive in natural
selection (NocLER 1984). If S. eximia onwlnated as a dl}mplmd it is one more
fine example of vigour and full success in natural habitats.

The origin and development of ESs in the diploid taxa of Sorbus has so
far been qtudwd only in primary (i. e. non-hybridogenous) species, including
8. aria (L.) Crantz, 8. torminalis (L.) CrRANTZ, 8. chamaemespilus (L.) CRANTZ
and 8. aucuparia L. (LiLJerors 1953). All these species proved sexual, with
regular meiosis. LILJEFORS (1955) also studied meiosis in PMCs of 8. querci-
folia Hepr. (of the 8. aria x 8. aucuparia parentage) with 2n = 34. In
metaphase I (PM('s) of this hybrid he found 16 bivalents and 2 univalents.
Meiosis was on the whole normal. Univalents occurred in about 10 9%, of the
PMCs. The univalents split up as a rule in the first division. The daughter
univalents were enclosed in the interkinesis nuclei. The pollen was fairly
regular; unreduced pollen grains did occur ocecasionally (LiLJEFORS 1955).

]f IHGIOSIS in 8. eximia is compared with that of 8. quercifolia, it is evident
that the first is much more disturbed. We observed 12 bivalents and 10
univalents. Lagging chromosomes may remain in the cytoplasm; the division
of chromosomes in anaphase IT is also disturbed. It may be inferred therefore
that the genomes of S. aria and 8. aucuparia are more similar than are those
of 8. aria and 8. torminalis. This is in agreement with morphological (Ko-
vANDA 1961a) and phytochemical (CHALLICE ot KOVANDA 1978) evidence.

Many of our considerations are based on the presupposition that the parent
speues S. aria and 8. torminalis, are scxual. Their biology is a strong argu-
ment in favour of this hypothems and, in fact, their sexual status has been
proven by Lirsrrors (1953, 1955). It should be borne in mind, however,
that he worked with a very limited amount of material of each species from
Scandinavia and his findings and conclusions do not necessarily apply to
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Central European plants. As indicated above, in 8. aria there is a tendency
to apomixis and further studies are required to establish its actual extent and
evolutionary implications. The possibility cannot be excluded that the same
tendency operates in 8. torminalis as well. Investigations into the mode of
reproduction of these species are now in progress.
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SOUHRN

Sorbus eximia Kovanpa, hybridogenni druh vznikly spontannim krizenim muku, S. aria (L.)
CrANTZ, & breku, S. torminalis (L.) CRANTZ, je apomiktom se dvéma cytotypy, diploidnin (2n =
34) a tetraploidnim (2n = 68). Zvlastni pozornost byla vénovéana embryologii diploida, kde byla
zjisténa aposporie a diplosporie. Poruchy v meiosi béhem makrosporogenese vedou ke vzniku
makrospor s neustdlenymi pocty chromosomu. Vyjimetnsd se tvori zdrodeéné vaky s redukova-
nym poc¢tem chromosomi., Apomixie na diploidni trovni mohla vzniknout dvojim zptsobem:
(1) jako tnik ze sterility, (2) parthenogenetickym vyvinem vajeéné bunky s redukovanym
poc¢tem chromosomn (jako dihaploid). Jsou uvedeny duavody pro piedpokladany hybridni ptivod
. ewimia a rozbor morfologickyeh znakda. Druh je neoendemitern Ceského krasu, kde je dosud
znam z 10 lokalit (U kiiZze, Vysoka stran, mezi Hostimi a Bubovicemi, Doutnaé, Pani hora, Kod-
ské polesi, Ve skalach, Mramor, Plesivec a Haknova). Celkovy pocet jedincd je asi 90. Jsou pii-
pojeny poznamky k ekologii, fytocenologii a ekobiologii. Rodi¢ovské druhy jsou diploidni s 2n =
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E. Peveling [red.]:
Progress and problems in lichenology in the eighties

Proceedings of an International symposium held at the University of Minster on 16. —21. March
1986

Bibliotheca lichenologica 25. — J. Cramer in der Gebr. Borntriiger Verlagsbuchhandlung, Berlin—
Stuttgart 1987, (15)+4498 str., 370 obr. (6 barev.), 16 tab., cena broz. 150,— DM. (Kniha je
v knihovns CSBS.)

Recenzovana publikace je sbornikem prispévki z mezinarodniho sympozia, jez se konalo
na Univerzité v Miinsteru v dobé od 16. do 21. biezna 1986. Ciloein sympozia bylo shromazdit
zastupee riznych lichenologickych oborit, aby mohli navzajem spolu diskutovat o soutasném
stavu i problémech jednotlivych oboru. Redaktorka sborniku byla rovnéz hlavni organizatorkou
sympozia. V préaci ji pomahal poradni shor, v némz byli zastoupeni A. Henssen, O. L. Lange
a C. Leuckert. V této souvislosti je vhodné uvést i skuteénost, %e se na rizeni jednani sympozia
podileli V. Ahmadjian, T. Ahti, P. James, O. L. Lange, J. Poelt a M. Seaward. Uz z dosavadniho
vyttu jmen osob je zfejmé, %e na sympoziu nechybéli vedouci specialisté razného zaméteni.

Sbornik se ¢leni na tyto ¢asti: Predmluva. — Seznam prispévatela a ucastnika. — Prispsévky.
— Véeny rojstiik. — Taxonomicky rejstiik.

V ptedmluvé redaktorka konstatuje, Ze lichenologie, mnohde zanedbavana, se v sedesatych
a sedmdesatych letech tohoto stoleti boutlivé vyvijela. To ostatné vyplynulo uz i z jednani
lichenologického sympozia v Bristolu r. 1974. Od té doby vsak doslo k zdokonaleni metod uziva-
nych pii péstovani lisejnikti v umelé kulture i metod fyziologického a ekologického vyzkumu,
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jakoZ 1 preparacnich technik pre studium ultrastruktury lisejnikt. To véechno ptispélo k dalsimu,
casto mozaikovitému rustu poznani stavby a zivota téchto komplexnich organism. Nesmime
zapominat ani na oxpodice do nejvzdalenéjsich oblasti Zemé, které objevily nové taxony a mély
moznost studovat lisejniky mmohdy v extrémnich vnéjsich podminkach. Tento hromadny rust
poznatki jo nasledek spocializovanych pristupii. Ale vzmk azkych specializaci nese s sebou vady
noboezpoci izolace diléich disciplin. Proto hlavnim poslanim sympozia bylo zpevnéni vazeb
mozi vsomi oblastmi lichenologie, Redaktorka sborniku to vyjadiila slovy, aby ,,morfologové,
fyziologové, ckologové a taxonomové byli schopni komunikovat a diskutovat o lichenologickych
problémech v intordisciplindrnim prostiedi®® (I11).

Pocet pritomnych na sympoziu — 123 Géastniki z 15 zomi — svédél o tom, ze poradani
sympozia bylo potiebné. Z uvedoného poctu piitomnych bylo 73 prednagejicich, a to bud v sa-
mostatném (individualnim). nebo kolektivnim prispéviu.

Pouzo prispévek rodaiktorky sborniku jo samostatny a pojednavé o lichenologii a lichenolozich
vo Vestfalsku., Ostatni prispévky jsou seskupeny do péti tematickyeh okruhu.

Prvni tomaticky okruh — Vyvojova morfologie a ultrastruktura (str. 15—168) —
zahrnujo 16 prispévka, z nichs jako priklad uvedu pét praci s ovigindlnim titulem: H. M. Janns:
New trends in developmental morphelogy of the thallus. — J. PorrLr: On reductions of morpho-
logical structures in lichens. — V. Auyapgiax et J. B. Jacoss: Studies on the development of
gynthetic lichens. — R. HoNecaeRr: Questions about pattern formation in the algal layer of
lichens with stratified (hoteromerous) thalli. — A. BrLuesmiBre et M.-A. LuTrourr-GALINOU:
Differentiation of lichen aser including dehiscence and sporogenesis: an ultrastructural survey. —
Z tohoto neuplného vydétu je ziejmé, %e prvni tematicky okruh se zabyva obecnou a v¥vojovou
morfologii lisojnikovych stélek, jakoZ i problémy izolovanych symbiont a jojich resyntézy v kom-
plexni lisejnik. Poznavime zde rovnés reproduléni stratogio a struktury. Velmi vyzamné jsou
ultrastrukturni studio.

Druhy tematicky okruh se nazyvé Biologie a taxonomie roda a nékterych skupin
(169—293). Jeho napln dostatec¢né charakterizuje uvedony ndzov 1 vybér tii z deviti prispévki:
I. KirNuFELT ot J.-K. MaTTsoN: Morphological characteristics and affinities of the genus Cor-
nicularia. — H. HerTreEL: Progress and problems in taxonomy of Antarctic saxicolous lecideoid
lichens, — A. HExssuN: Lichenothelia, a genus of microfungi on rocks.

Z trotiho tematického okruhu — Ekofvziologie (294-—375) — uvedu Sost z deviti piispév-
kua: L. Karren, M. Bovter et A. KUBN: Photosynthetic activities of lichens in natural habitats
in the maritime Antarctic. — T. H. Nasu III, L. Karre~, R. LoscH, U. MATTHES-SEARS ot
D. W. Larsox~: Cold resistance of lichens. — (. von Ars: Photosynthesis and chlorophyll content
of the lichen Parmelia sulcata Taylor from locations with different levels of air pollution. —

V. Wirrn: The influence of water relations on lichen SOs-resistance, — D. W. Larson: The
absorption and release of water by lichens. — D. H. Browx: The location of mineral elements
in lichens; implications for metabolism. — Tento okruh pokryva fotosyntézu a vodni provoz

lisojnika na ruznych stanovistich, stejné jako vskyt minerdlnich prvka v ligejnikovych stélkach.
Dva prispévky se aspon dotykaji problomatiky znecisténého ovzdusi.

Ctvety tematicky okruh — Kkologie a rozsiteni (377 441) — obsahuje devet prispevka,
z nichz poslouzi k blizsi charakteristico okruhu ¢ty prace: H. Kroa: Altitudinal zonation of
tropical lichons. — . J. GarLoway: Austral lichen genera: some biogeographical problems. —
T. Anri: Endemism among Cladoniaceac in the Table Mountains of the Guayana Highland,
Venozucla. — O. ViTrkainmy: Distribution patterns of Ituropean Peltigera. Ctyrty tomaticky
okruh sumarizuje diléi prace o nékterveh lisojnicich/skupindch lisejnikd a o jejich rozsifeni v urdi-
tych oblastech, hlavné na Jizni polokouli a v Evropé.

Paty tematicky okruh — Chomotaxonomio (443 —480) — tvoli pét prispévkil zabyvajicich
se idontifikaci lisejnikovych sloucenin a jejich v¥znamem v klasifikaci ligojniki. Z téchto piispeév-
ki cituji aspon dvé praco: H. Kinias: Protoin characters as a taxonomic tool in lichen systematics.
— M. Gryrr et G. B. Frrer: Analysis of depsides, depsidones, and other lichon specific aromatics
by high performance liquid chromatography.

Shornik jo obrazem lichenologie ,.v pohybu. Dokumentuje dnes$ni stav hlavnich obor( a pri-
spiva do jisté miry k jejich integraci. Ukazuje problematiku této botanické diseipliny a soutasné
naznacuje cesty, jimiz by se mél vyzkum v budouenu ubirat. Postradam v ném véak fytocenolo-
gické prispévky a votsi zietel k bioindika¢nimu vyznamu ligejnika. Béhem studia sborniku jsem
si uvédomoval, %ze struktury a jevy na né vazané jsou podstatné slozitéjsi, nez jak jsme si do-
nedavna myslili. V této souvislosti jsem si opétovné kladl také otazku, pro¢ se choviame u nés
k lichenologii macessky.

Kniha je vytisténa ofsetem na kiidovém papiru, vkusné upravena a bohaté ilustrovana.
Reprodukcee ¢ernobilych i barevnych fotografii jsou vzorné, tiskové chyby vzéenosti.

Z. Cernohors ky
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PRESLIA 60 TAB. XII

Plate XTI. — 1, The oldest specimen (age, ¢.85 years; DBH, 38 cm) of Sorbus eximia on record
(right) in a group with Quercus robur (middle) and Carpinus betulus (left) on the Ve skalach karst
plain in early spring. 2, the same group in summer.

A. Jankun and M. Kovanda: Apomixis at the diploid level in Sorbus eximia
(Embryological studies in Sorbus 3)



PRESLIA 60 TAB. XIII

Plate XTII. — Details of bark of Sorbus eximia. 3, at base of stem. 4, at breast height.

A. Jankun and M. Kovanda: Apomixis at the diploid level in Sorbus eximia
(Embryological studies in Sorbus 3).



PRESLIA 60 TAB. XIV

Plate XIV. — Sorbus eximia. 5, detail of inflorescence. 6, young seedlings (age, 4 months).

A. Jankun and M. Kovanda: Apomixis at the diploid level in Sorbus eximia
(Embryological studies in Sorbus 3)
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