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Abstract

Artificial selfpollination of six taxa of C. rotundifolia L. group was perfomed.
More than 60% of the tetraploid plants and diploid C. rotundifolia s. str. re-
presentatives set seeds which germinated in some 42—176°0. The seed setting
in C. serrata was a little lower and the germination was very poor (0.07"/a).
Only 18% of C. cochleariifolic plants yielded seeds after selfpollination.
These seeds failed to germinate.

The selfed offspring was viable only in part. Some developmental distur-
bances were observed. A general tendency to reduction of height of stems
and of the number of flowers per stem was also noted in successive selfed
generations. A gradual decrease of pollen fertility was also observed. No
tendency to gradual decrease of selfed seed fertility and germination was
demonstrated.

The factors preventing selffertilization proved to be efficient in C. cochlearii-
folia and C. serrata, but it seems that in nature they are strong enough
even at a tetraploid level.

INTRODUCTION

In earlier studies of the Campaenula rotundifolia L.sl. group, the
opinion prevailed that Campanula representatives are allogamous plants
which can, however, set seeds after selfpollination (Brog niart, 1839;
He gi, 1913). This view was not supported by the observation of Wita-
sek (1902), who found that some plants of the C. rotundifolia group
failed to set fruits when flowering in an insectfree room. Also contem-
porary authors consider the C. rotundifolia representatives as obligatorily
allogamous (Gadella 1963, 1964, P odlech 1965, Kovanda 1970).
Experimental evidence was provided by Gadella and Kovan da.

Their observations, however, are not in agreement with the data of
the present author who succeeded in obtaining selfed seeds even in
several successive generations.



9254 H. Bielawska

MATERIAL AND METHODS

The experimental plants belong to six taxa of the C. rotundifolia
group and represent two ploidy levels. C. rotundifolia L.s.str. (4x), C. po-
lymorpha Witasek (4x), C. scheuchzeri Vill. (4x), C. serrate (Kit.)
Hendrych (2x) and C. cochleariifolia Lam. (2x) originated from Poland.
The plants of C. rotundifolia L.s.str. (2x) and C. xylocarpa Kovanda (2x)
were derived from Czechoslovakia as they have sofar not been found
in Poland. All plants were cultivated on an experimental plot in possibly
uniform conditions. The selfed seeds were sown in a greenhouse, repotted
and then transplanted on the plot. Selfpollination was effected under
cellophane bags without castration. The pollen grains were derived from
the same flower or from the younger ones of the same plant. Pollination
was started when the tripartite stigmas were opened. Pollination was
repeated every day until the stigma wilted. If the fertilization failed,
the stigmas enlarged continuously, bending backwards so that they could
reach the style hairs. However, the hairs were usually wilted at that
time and fertilization could not be accomplished. In such cases the
corolla gradually withres beginning from the top of the lobes. Sometimes
only the style with enormous stigma persists.

In each taxon single plants originating from various habitats were
pollinated with their own pollen grains. As a result the following s,
generation consisted of several plants (varying in number from 1 to 21).
All individual s; plants were selfpollinated to get as many as possible
offsprings of successive selfed generations. This procedure was repeated
in each selfed generation. Individual selfed progenies consisted of 1 to 10
lines which, however, did not differ greatly with the range of variation
of morphological traits or fertility. Therefore, the data concerning the
characteristics of individual lines were summarized and mean values
were calculated as shown in tables 3—35.

Several characters were taken into account in the analysis of the
selfed offspring as described in the author’s earlier papers (Biela w-
ska 1964, 1968). Beside the usual methods of plant analysis, the coef-
ficient “W” was introduced (ratio of the average number of flowers per
stem to the modal value of plant height).

RESULTS

Selffertilization of the experimental parental forms

The number of selfpollinated plants varied from 7 to 22 and the
number of flowers from several dozen to several hundreds for the indi-
vidual taxon. C. xylocarpa was exceptional in this respect as only one
plant was available for examination. Table 1 shows the number of
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Table 1

Ability of selffertilization in the Campanula rotundifolia L. group taxa

" Number of selffertilized plants | Plants with ger-
Plo- E . which i plants | miqa_lingec_ds__
idy Taxon ftal | “'R',Ch not set- | setting
el o qc iingb ting | seeds, | number o
pECs seeds | el |
C. rotundifolia s. i
{ Str. lowland 9 8 1 88.8 S54) 100.0
dx montane 7 | 4 3 57.1 4 | 1000
' C. polymorpha 2 | 21 1 | 952 | 19%) 95.0
C. scheuchzeri 12 8 4 . 66.6 52) 71.4
C. rotundifolia
s. str. | 14 | 12 2 85.7 | 6%) 100.0
2% | C. serrata | 9 5 s S | 4 80.0
C. cochleariifolia | 11 2 9 18.1 0 0.0
C. xylocarpa 1 I 0 100.0 1 100.0

1y seeds of three plants not sown
2) seeds of one plant not sown
) seeds of six plants not sown

plants in each taxon which set seeds after artificial selfpollination and
which failed to do so, as well as the percentage of plants whose seeds
germinated. It can be seen that more than 60%, of tetraploid plants and
diploid C. rotundifolia s.str. representatives succeeded in seed setting.
In other diploid forms the percentage of fertile plants after selfpollina-
tion was considerably lower.

The attempts of obtaining seeds were repeated many times both in
successive years of vegetation and in different summer months. The
plants were considered as selffertile, irrespective of how many fruits and
seeds they set. The seeds were often shrunken or empty. As indicated
in table 1, in as many as 95—100%, C. rotundifolia s.str. (4x and 2x) as
well as in C. polymorpha plants vielded seeds after selfpollination and
the seeds were capable of germination. Germination of selfed seeds in
C. scheuchzeri and diploid C. serrata was rather poor. The seeds of every
plant of C. cochleariifolia deriving from artificial selfpollination com-
pletely failed to germinate.

As seen from table 2, the number of seeds set per capsule after seli-
pollination was lower than that obtained after free pollination.

In tetraploid taxa seeds resulting from selffertilization germinated
in some 42—76%. The level of seed germination in the diploid C. rotun-
difolia s.str. was nearly the same. These results do not differ greatly
from those obtained for two intercrossed lowland representatives of
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C. rotundifolia s.str. and other intercrossed tetraploid taxa (Biela w-
ska 1968, 1969, 1972). C. serrata set relatively numerous seeds from
selfpollination, but their germination was very poor (0.07%). In one case
germination reached 75% but this refers to four seeds only and two of
the three seedlings died in an early stage. In general, seed setting in
this taxon was highly unbalanced and inhibited at various stages of
development. C. cochleariifolia set seeds after selfpollination only occa-
sionally and these did not germinate at all. From C. xylocarpa only nine
seeds and three seedlings were obtained.

Selfed progeny

A considerable number of selfed progeny died in the early seedling
stage. With some exceptions the growth of plants which survived was
rather poor. Some of them suffered from chlorosis in the early stage
of development or during longer time. Some plants were delayed in
stem shooting. Plants which became strong enough, were planted out
and cultivated on the experimental plot in possibly the same conditions
as their parental forms. Analysis of morphological traits was performed
only in the selfed progeny of C. rotundifolia s.str. (4x) and C. poly-
morpha as they were numerous enough to demonstrate a representative
range of variation. The selfed offspring exhibits a general tendency to
reduction of the height of stems and the number of flowers per stem in
successive generations. The other tendency was to maintain a similar
value of the “W” ratio in all selfed progenies bred. The ratio was reduced
only infrequently, especially in the case of very weak plants. The
flowers were, however, not observed to grow smaller. Tables 3—5 de-
monstrate some chosen examples of these regularities. Two s; repre-
sentatives of tetraploid C. rotundifolia s.str. are shown in the preceeding
paper (Bielawska 1964, figs 2 and 7).

Pollen fertility

In all diploid and tetraploid taxa under study the level of pollen
fertility of s; was the same or approximated that of the parental plants.
In successive selfed generations usually the tendency to a gradual
decrease of pollen fertility was noted (tables 3—5). The most striking
symptom of pollen sterility was the reduction in the number of pollen
grains. Sometimes only five narrow bands of pollen grains could be
observed on the style as they reflect five splittings of the stamina.

Seed fertility and germination

The number of seeds set per capsule after artificial selfpollination
was as a rule much lower than after free pollination. In most cases the
experimental plants develop only a low percentage of seeds as compared
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with the results of free pollination. This is true both for tetraploids
and diploids. In successive selfed generations, however, a further decrease
in seed number was not observed. Sometimes even a small increase of
fertility was noted (tables 3—5, e.g. C. rotundifolia s.str. No. 17, C. poly-
morpha No. 114). Completely sterile plants were observed only spora-
dically.

As seen from tables 3—5, seed germination in successive selfed ge-
neration varied greatly, and in fact a clear tendency to its decrease was
noted only in some progenies (C. rotundifolia s.str. Nos 16, 46, 3 and C.
polymorpha No. 27). As a rule the seedlings in further selfed generations
were much weaker and their viability was drastically reduced.

DISCUSSION

All the taxa of the C. rotundifolia L. group are allogamous. The
flowers are markedly protandrous. Some hypotheses have been advanced
concerning the mechanism of the postulated selfpollination process
(Hegi 1913). However, as reported by some authors, the representatives
of the C. rotundifolia group are considered to be uncapable of spon-
taneous selffertilization (Witasek 1902; Gadella 1963, 1964). This
fact was confirmed also in the course of the present investigation.

Artificial selfpollination of the representatives of various taxa was
attempted by Gadella (1963, 1964) and Kovanda (1970). They did
not, however, succeed in obtaining selfed seeds. These results are in
contrast to the findings of the present author.

According to the present observations, the mean number of seeds set
per capsule in selfpollination was as a rule much lower than that in
free pollination. It is, therefore, possible that the discrepancy between
these results and those reported by other authors are due to differences
in the number of selfpollinated flowers. In the course of the present
investigation, the number of flowers exposed to artificial selfpollination
was as a rule several times higher than in the experiments of other
authors. According to Gadella (1964), in his study only several
flowers were artificially selfpollinated in each taxon, e.g. C. rotundifolia
s.str. 2x (19 flowers), 4x (13 flowers) and 6x (8 flowers). In the studies
of Kovanda (1970) 6 flowers of C. rotundifolia s.str. and 10 flowers
of C. gentilis Kovanda were the highest numbers. In the present
study artificial selfpollination was repeated in some cases for many
successive years. It seems that numerous pollinations highly increased
the probability of obtaining seeds since with such a procedure flowers
could be selected with some tendency to selfcompatibility. It cannot be
excluded also that the ecotypes of Polish origin are not similar to the
Czechoslovakian or other ones in respect to their selffertilization ability.

€
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However, the representatives of diploid C. rotundifolia s.str. derived
from Czechoslovakia were partly fertile in the present study but it is
not known whether these plants were the same as those examined by
Dr. Kovanda.

In the course of the present experiments two diploid taxa, C. serrata
and C. cochleariifolia, turned out to be particularly selfsterile. Both are
highly advanced in their evolution. On the other hand, the diploid C. ro-
tundifolia s.str. and all the tetraploid taxa under investigation were
reasonably selffertile. The majority of plants set a good amount of seeds
after artificial selfpollination and the percentage of germination was
rather high.

Tetraploid selfed plants after several generations of selffertilization
developed some symptoms of weakness, their seed germination was
reduced and a slight decrease of pollen fertility was observed. Only
infrequent plants survived.

From the results of the present investigation conclusion can be drawn
that diploid taxa are less capable of selffertilization than tetraploid ones.
It, should, however, be borne in mind that the ability of tetraploid forms
to selffertilization was only revealed in particular conditions.

There is no doubt that in natural habitats seed setting after self-
pollination is hardly possible because of the free competition with
foreign pollen. Moreover, even if such selfed progeny could be derived,
these would be too weak to survive. Thus it seems that in nature the
factors preventing selffertilization are strong enough even at a tetraploid
level.

CONCLUSIONS

1. Artificial selfpollination of the representatives of six taxa of the
C. rotundifolia L. group (C. rotundifolia L.s.str. 4x and 2x, C. polymorpha
Witasek 4x, C. scheuchzeri Vill. 4x, C. serrata (Kit.) Hendrych 2x, C. co-
chleariifolia Lam. 2x and C. xylocarpa Kovanda 2x) was performed. The
number of selfpollinated plants deriving from different habitats varied
from 7 to 22 and the number of flowers from several dozen to several
hundred for the individual taxon.

2. More than 60% of tetraploid plants and diploid C. rotundifolia s.
str. representatives set selfed seeds, the percentage of selffertile plants
in other diploid forms beeing lower.

3. The germination of the selfed seeds of some 95—100% selfpolli-
nated plants in C. rotundifolia s.str. and C. polymorpha was noted. The
percentage of plants in C. scheuchzeri and C. serrata with germinating
seeds was a little lower.

4. The selfed seeds of tetraploid taxa and of diploid C. rotundifolia
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s.str. germinated in some 42—76%. Germination was very poor in the
case of C. serrata (0.07%) and failed completely in C. cochleariifolia.

5. The selfed progeny survived in part only. Some disturbances of
growth and development were observed.

6. Analysis of successive selfed generations of C. rotundifolia s.str.
(4x) and C. polymorpha demonstrated a general tendency to a reduction
in the height of stems and in the number of flowers per stem and to the
maintaining of a similar value of the “W” ratio.

7. The general tendency to a gradual decrease of pollen fertility was
also noted. The reduction in the number of pollen grains was the most
striking symptom of pollen sterility.

8. Though the amount of selfed seeds was much lower than after
free pollination, the decrease in seed number was not observed in
successive selfed generations. No clear tendency to decrease in seed
germination was shown in successive selfed generations.

9. The two diploid taxa, C. serrata and C. cochleariifolia, proved to
be particularly selfsterile. The diploid C. rotundifolia s.str. and all the
tetraploid taxa were reasonably selffertile when artificially selfpollinated.

10. Selfed seed setting, however, and production of selfed plants is
hardly possible in natural conditions.

The author is indebted to Prof. Dr. Waclaw Gajewski for critical reading
of the manuscript and to Dr. Miloslav Kovanda (Botanical Institute of the
Czechoslovak Akademy of Sciences, Pruhonice near Praha) for supplying the seeds
of Campanula rotundifolia L.s. str. 2x and C. xylocarpa Kovanda.

The excellent technical assistance of Miss Alicja Oleksiej is gratefully
acknowledged.
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Samozaplodnienie w grupie Campanula rotundifolia L. s. .

Streszczenie

Przeprowadzono sztuczne samozapylenie przedstawicieli sze$ciu taksondéw gru-
py C. rotundifolia L.sl.: C. rotundifolia L.s.str. (4x i 2x), C. polymorpha Witasek
(4x), C. scheuchzeri Vill. (4x) C. serrata (Kit.) Hendrych (2x), C. cochleariifolia
Lam (2x) i C. xylocarpa Kovanda (2x).

Otrzymano nasiona w przypadku 60% roflin tetraploidalnych i C. rotundifolia
s.str. 2x, a rzadziej w przypadku C. serrata i C. cochleariifolia. Nasiona form tetra-
ploidalnych i C. rotundifolia s.str. 2x kielkowaly w 42—76"0, natomiast w przy-
padku diploidalnej C. serrata w 0,07%, a C. cochleariifolia nie wykiztkowaty wcale.

Znaczna cze§¢ potomstwa z samozapylenia ginela we wczesnych stadiach roz-
woju. Obserwowano zaburzenia rozwojowe. W kolejnych pokoleniach czesto ma-
lala zywotno§é rolin. Wystapila tendencja do zmniejszania sie wysokoéei roélin
i liczby kwiatéw na pedzie przy zachowaniu zblizonych warto$ci wzajemnego sto-
sunku tych dwéch wielkoéei (W). Nie obserwowano zmniejszania sie rozmiarow
kwiatow. W kolejnych pokoleniach zwykle spadala ptodno$é pytku, a w pierwszym
rzedzie zmniejszala sie jego ilo§é. Nie obserwowano zmniejszania sie liczby nasion
na torebke zawigzywanych po sztucznym samozapyleniu.

Uzyskanie nasion z samozapylenia w grupie powszechnie uwazanej za obliga-
toryeznie obcopylng zostalo prawdopodobnie umozliwione dzieki przeprowadzeniu
licznych zapylen. W wiekszym stopniu samosterylne okazaly sie taksony diploidal-
ne (C. serrata i C. cochleariifolia), jednakie w naturze czynniki zapobiegajace sa-
mozaplodnieniu dzialaja skutecznie rowniez na poziomie tetraploidalnym.
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