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INTRODUCTION RELEVANT LITERATURE AND SCOPE
OF EXPERIMENTS

I. THE PROBLEM

One of the major difficuities in plant breeding is to obtain sufficient seed after
certain pollinations. In Brussels sprouts and radish the cause is incompat-
ibility; a given plant may yield a large quantity of seed when pollinated by
certain plants, but not by others or by itself. In Cyclamen persicum insufficient
seed set Is apparently due to other causes.

2. REVIEW OF RELEVANT LITERATURE

In Brassica and certain other plants it has been shown that incompatibility
may be overcome by pollination of the flowers before or after anthesis,

PEARSON (25, 1929)! was the first to show that in the common cabbage,
flower buds pollinated two days, before opening gave good seed while those
pollinated one day later failed to set seed. This was confirmed by KARIzAKI
(14, 1930), who selfed flowers from 5 days before until 3 days after anthesis.
Optimal seed set was obtained when buds were pollinated two days before
anthesis. Flowers self-pollinated three days after anthesis showed a small
increase in the seed set compared with flowers that had just opened.

The advantages of bud pollination in self- or cross-incompatible plants were
also. demonstrated with Chinese cabbage (Brassica pekinensis) and radish (Ka-
K1zAKI and K Asal 15, 1933); Indian toria and Indian sarson (Brassica campestris
var. dichotoma and Brassica campestris var. sarson) (MOHAMMAD 23, 1935);
"broceoli and radish (SEars 28, 1937); radish (TATEBE 32, 1940); Brassica chinen-
sis var. rosularis (LEE 17, 1948) and Raphanus raphanistrum (Krou 16, 1956).
The usefuiness of bud pollination for the breeding of cole crops has also
been demonstrated by other authors (Myers and FisHErR 24, 1944; HaIGH
12, 1954; ZeEVAART 39, 1955).

1) First number refers to *Literature™ on page 32, second number is the year of publication,
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Generally when flowers are self-pollinated a decline in compatibility occurs
shortly before opening whereas flowers that are cross-pollinated, are compatible.
This was clearly demonstrated by ATT1A (1, 1950) who pollinated flower buds of
green cabbage with pollen from the same plant, followed by pollen from red
cabbage plants. At 10-15 °C flower buds polilinated three or less days before
opening yielded seed that gave more than 509 of hybrid plants. At a higher
temperature (15-20 °C) more than 509, hybrids were obtained when flower
buds were pollinated one day before opening.

PeaRSON (25, 1928; 26, 1932) presumed that the incompatible pollen tubes
would grow more slowly than the compatible ones and bud pollination would
give the former tubes more time to reach the ovules. Armia (1, 1950) on the
other hand attributed the seed set primarily to a low concentration or absence
of an inhibiting substance in the styles before the flower buds reached a certain

. physiological maturity. : .

In 1941 EvstER (10) reported that self-mcompatlblhty in certain Petunias
could be overcome by spraying the flowers immediately before or after self-
pollination with an aqueous solution containing 10 p.p.m. a-naphthylacetamide
(NAdJ). This substance also favoured the seed set in highly self-incompatible
strains of African marigold, cabbage and red clover. NAd and other growth
substances were used with success by EMSWELLER and STUART (9, 1948) to
obtain seed from certain incompatible selfings and crosses of Easter lilies.
Crang and MARKS (7, 1952) and Brock (4, 1954) obtained pear-apple hybrids
by brushing the pear ovaries with an aqueous solution containing 40 p.p.m.
B-naphthoxyacetic acid at the time of pollination and again 24 hours later.
Darrow (8, 1956) obtained seeds from some heteroploid bluebcrry crosses by
the use of NAd as 1 per cent lanolin paste,

In other cases, which showed no incompatibility or sterility, growth sub-
- stances improved the fruit set or both the fruit and the seed set. BURREL and
WHITAKER (5, 1939) in breeding muskmelons increased the fruit set by applying
1 per cent 3-indoleacetic acid in lanolin to one lobe of the stigma after the
flowers had been pollinated. WHITAKER and PryYoRr (37, 1946) tried six growth
substances to improve the fruit set in artificially pollinated flowers of Cucumis
melo. Only the use of para-chlorephenoxyacetic acid at the time of pollination
improved the fruit set. WesTER and MarTH (36, 1949} were able to increase both
the number of successful crosses and seeds per cross in lima bean by applying
a mixture of indolebutiric acid and para-chlorophenoxyacetic acid in lanolin
to scratches made at the flower base.

3. SCOPE OF EXPERIMENTS _

The practical difficulties encountered in selfing or crossing Brussels sprouts,
radish and Cyclamen persicum led to the following experiments, .
From the literature it is evident that much work has already been done to
overcome incompatibility in Brassica and Raphanus. This work has been
repeated and extended in Brussels sprouts (Brassica oleracea var. gemmifera)
and radish (Raphanus sativus). Buds and flowers have been selfed or cross-
pollinated in all stages and at different temperatures. The effect of growth sub-
stance applications on flowers pollinated at different stages has also been studied.
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Little work has been done so far on seed set in cyclamen crosses. It soon
became evident that the problem here is different from that in Brussels sprouts
and radish, as incompatibility does not play a role of any importance. The
general aspects of floral biology have been studied, while extensive investigat-
ions have been made on the causes of fruit stalk decay and the possibilities to
overcome this by growth substance applications.

The investigations will be described and discussed separately for the three
experimental plants. A general discussion is not given, since the problems in
Brussels sprouts and radish on the one hand and in cyclamen on the other
hand are quite distinct from each other.

II
BRUSSELS SPROUTS

1. POLLINATION EXPERIMENTS

1.1. Experimental methods. The work was carried out with plants of the
cultivars ‘Kolom’ (K) and *Spiraal’ (S) growing in the open field at Wageningen
in 1955 and 1956. At the beginning of the experiments, plants with good
inflorescences were selected and covered with paper bags after all open flowers
had been removed. Then for the next ten days the buds were emasculated
shortly before opening and tagged on the day of anthesis. At the end of this
period all emasculated flowers (ranging in age from 0 to 10 days after opening)
and buds (forming an age series from 15 to 1 day before opening) were polli-
nated simultaneously. Emasculation and tagging of buds to mark days of anthesis
continued until the remaining buds had opened. Two weeks later the paper bags
were removed, The number of flowers which opened daily on one plant ranged
from 0 to 11.

Pollen for self-pollination was gathered from flowers (age 0) on the same
inflorescence which were not emasculated before opening. Pollen for crossing
was taken from a plant belonging to the other cultivar.

The average temperature was determined from graphs drawn by a thermo-
graph. Temperature below 5 °C was neglected as it did not cause bud develop-
ment. The temperature area on the thermograph paper was measured and
transferred into degrees centigrade according to the equation:

area per day in cm2
( 3.95 * 0. 75) + 50

This was done because a height of 0.75 ¢cm on the paper represented 5 °C and
the thermograph turned 3.95 cm a day. In the cases of bud pollination, the
temperature was determined for the average number of days before opening
which was suitable for sufficient seed set. When old flowers were used the
temperature for the average number of days after opening was established. A
day was considered to begin at noon. Average seed numbers of more than 10
seeds were considered as sufficient seed setting except when flowers were self-
pollinated after opening (5 or more seeds). These figures have been chosen from
general experience as being practically justified.
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1.2. Results

1.2.1. Bud pollination. The resulis obtained from self-incompatible
plants are given in table 1. They show the following:
(a) The average seed number increases with the age of the bud at pollination
until it reaches a maximum 6 to 2 days before anthesis.
(b) After this, it decreases rapidly so that the seed set of buds pollinated 3 to 0
days before anthesis is very low.
(c) As the temperature increases, the perxod before anthesis durmg which the
bud may be selfed successfully becomes shorter and lies closer to anthesis.
{(d) The number of seeds yielded by one bud pollinated at the time of maximal
response to selfing appears to be about the same at different temperaturcs
Figure 1 illustrates the main results.
In table 2, the data from compatible cross-pollinations are given. These show:
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(a) Buds may be pollinated successfully 10 to 1 days before anthesis; younger
buds vield little or no seed.
(b) The number of seeds does not decrease as buds approach anthesis.
(c) At higher temperatures the number of days before anthesis during which
buds may be successfully pollinated decreases. :
Figure 2 illustrates the main results.
From tables | and 2 it will be scen that plants K1, K2, K7, S5 and §9 were
both selfed and cross-pollinated on the same dates and consequently give
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8 57 (4)

suitable data for a comparison of both methods. From this comparison it is

evident that: .

(a) During a period before anthesis flower buds of Brussels sprouts may be
selfed or cross-poilinated with equal success;

“(b) The length of this period decreases at higher temperatures;

(c) Three to zero days before opening, the effect of self-pollination drops
suddenly to become slight or nil, whereas the buds remain just as sensitive
to cross-pollination as before. : ‘ :

Figure 3 gives a comparison for one plant.
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Fio. 3. Brussels sprouts: Comparison between selfing and crossing of flower buds. Data of -
plant S 9 at an average temperature of about 14.5°C, Approximately the same seed set
was obtained when flower buds were pollinated 3 to ¢ days before anthesis.
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1.2.2. Late pollination.

9

The results obtained from some plants, when

flowers were self-pollinated on different days after anthesis are presented in
table 3. The data obtained from other plants are not given as they showed
smaller seed numbers although the behaviour of the seed set is nearly the same.

TABLE 3. Average seed numbers obtained from incompatible plants, when flowers were
self-pollinated at or after opening.

Plant Date of Average Number of days after opening
number selfing temperla‘.ture P I 1 l R I 2| s J 6 ! 7 l 8 J 9
K2 15 May 1955 10.1°C | 3.0 3.5 7.0 9.0 5.0'
K1 14 May 1955 10.4 0 | 57 90| 70! 1.5 34
K 24 15 May 1956 11.7 10) 7.3|105|11.8) 5.8] 1.8} 0.2
K 14 14 May 1956 12.6 42| 94100 6.7 46; 1.7 2310310 | O

Thc data indicate:

(a) The seed set reaches a minimum when flowers are pollinated at opening;
when they are selfed at a later stage there is a marked increase in yield
although it never reaches a high value.

(b) When flowers become very old, the seed set following self-pollination again .

decreases.

{c) At higher temperatures the pe-

riod during which selfing has

some success is shorter.

Figure 4 illustrates the main results.

FiG. 4.

Brussels sprouts: Self-pollination of old
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TABLE 4. Average seed numbers obtained from compatible combinations, when flowers
were cross-poliinated at or after opening.

Num- Avera- ] i
b Date of fogbieing _ Number of days after opening

female|  crossing | perat-

parent ure [ 0] 172|345 ]76][7]8]9 |10l
S 5 | 22 May 1955 | 6.9°C|18.0{21.0|20.0 16.0|12.0 30| 50]0 |0
K2 | 16 May 1955 | 9.3 |24.0|20.0 186|110

K1 | 14 May 1955 | 104 |19.0115.0(18.0(27.0(10.5| 5.0} 3.5

K 24| 15 May 1956 | 11.8 |18.3 |14.7|13.5]|10.0; 70| 51| 0.5

K 25| 13 May 1956 | 120 |19.4|I6.4 (146! 7.7| 36| 3.1| 1.5/ 01| 05 O

Again, the results obtain-
ed from cross-pollination 27L . A
are markedly different.

These are given in table 4 22r
and in figure 5 and may be 3
summmarized as follows: . 201t
{a) During a period of a- i
bout 3 days after' anthe-
sis the responsec of the 8r o
flower to cross-pollina- i
tion appears to be 2D 16k
" ‘maintained at the same &
level; after that it grad- = -
ually drops to zero. w 14k
(b) At higher temperatures @& |
the number of days du- g
ring which pollination 12+
is successful decreases. A~ s
w
w IOF
Ln =
L
. O 8 ™
2 b
o 6
= R
o> .
Z 4r
l(-IDJ -
< 2}
o
Fig. 5. . w - F
Brussels sprouts: Cross-pollin- =
ation of old flowers at different <C O, .+, . —

numbers of days after opening ‘ .
and at different temperature O 2 4 6

8 10
conditions. ~ DAYS AFTER OPENING
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In figure 6 a comparison is made between the effecis of crossmg and selfing
in one plant at different days after anthesis.

20 ¢ - - —SELFED
i — CROSSED

AVERAGE NUMBER OF SEEDS PER SILIQUE
®

6
al
L
- ’J
2r [
L o
O" 1 |' 1 1 1
0. | 2 3 4

DAYS AFTER OPENING

Fi1G. 6. Brussels sprouts: Comparison between selfing and crossing of old flowers. Data of
plant K 24 at an average temperature of 11.8°C. No significant difference in the seed
sct after selfing or cross-pollination when flowers were poltinated 3 to 6 days after
anthesis.

Photograph 1 (at the end) illustrates the results obtained from flower buds,
flowers at anthesis and old flowers when selfed or cross-pollinated.

1.2.3. Behaviour of incompatible pollen. In one highly self-incom-
patible plant flowers were self-pollinated at anthesis. Forty eight hours after self-
pollination the stigma was cut by hand into longitudinal slices. These were
stained with cotton blue and examined microscopically.

The mean diameter of the pollen grains was about 25u. Only 459%, had
germinated: 359, had pollen tubes less than 20p long, 79, had tubes from 20
to 40y and 3%, tubes from 40 to 60u. These short pollen tubes were mostly
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found between the stigmatic papillae; nowhere did they penetrate the stigmatic
tissues. . : '

2. BXPERIMENTS WITH &-NAPHTHYLACETAMIDE

2.1. Methods. The inflorescences were treated in the same way as described
in the preceding experiments, except that after pollination the flowers were
sprayed with an aqueous solution containing 10 p.p.m. ¢-naphthylacetamide

. (NAJ) dissolved in a few drops of acthanal. : '

On each plant three inflorescences of approximately the same vigour were
selected. On one inflorescence the NAd solution was applicd by means of a
small hand sprayer immediately after self-pollination and once again 24 hours
later. A second inflorescence was treated in a similar way with a control solu-
tion, containing only water and a few drops of aethanal, while the third was not
spraved at all.

In two plants the NAd or control solution was rubbed on the stigmas by means
of a piece of cotton wool prior to self-pollination, which was done at anthesis.

To study the effect of NAd on cross-pollination, two inflorescences were
sclected on each plant. One of these was sprayed with the NAd solution im-
mediatcrlsly after pollination and once again 24 hours later; the other was not
sprayed. : :

The average seed numbers per silique obtained from different treatments are
.compared by the Student’s method devised by Love & BruNsoN (21, 1924).
Flowers on the same plant, pollinated simultaneously and at the same number
of days before or after opening are used as parallels.

22. Results. The average seed yicld of seifed flowers, sprayed or not
sprayed after pollination, is given in table 5.

-

TABLE 5. Effect of NAd applications on the seed sct obtained from incompatiblc Brussels
sprouts plants, when flowers were self-pollinated at different stages.

. Compari'son between parallels in the
" Treat- Mean _ different treatments
ower stages ment number
of seeds Treatments Mean
compared difference’ n-
Untreated| 15.7 & 0.7 Untreated-control | 6 !
f&g‘:;{e‘;‘:fgeit [ Control | 9.0 % 1.3 | Untreated-NAd 4223 i ﬁg gi g)
NAd 110 £ 1.4 | Control-NAd 1.89 = 1.80 | 24 | -
Untreated| 3.8 + 0.6 Untreated-control | 1,10 -
Eﬁ:rc;t:;;s at [ Control , | 2.7 £ 0.6 | Untreated-NAd | 0.34 i ggg %; -
NAd 35407 Control-NAd -0.77 £ 072 27 | -
. Untreated| 0.6 4+ 0.2 Untreated-control | (.41 - -
E;%‘r’;’ienr; at { Control 0.2 + 0.1 | Untreated-NAd |-0.11 ;JE gg; ig -
NAd 0.7 + 04 Control-NAd -0.52 + 048 | 16 | ~
Untreated| - 3.3 4- 0.6 Untfcated-control 0.2 -
(I:Tpfé‘;f&r; after ‘ Control | 311406 | Untreated-NAd | 023 i 074 | 19 |
NAd 28 £ 06 | Control-NAd 0324061 | 19 |-
1) 8 = 1% significance = ~ = less than 5% ‘
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These data show that the number of seeds obtained after self-pollination at
suitable bud stages is decreased by applications of NAd, while there is also a
significant unfavourable effect of the control solution. Flowers pollinated at

earlier or later bud stages, at opening or a few days after that, set very little
seed in all cases.

The same holds true for plants, the stigmas of which were rubbed with the
solutions before self-pollination at opening. The seed set per silique was very
low (0.42 4 0.21), and neither affected by NAd (0.47 4 0.16) nor by the control
solution (0.66 4 0.24).

The data obtained from cross-pollinated flowers are summarized in table 6.

TABLE 6. Effect of NAd applications on the seed set obtained from compatible com-
binations of Brussels sprouts, when flowers were cross-pollinated at different

stages.
Comparison between parallels in the
Treat- Mean different treatments
Flower stages ment pumber
of seeds . Treatments - Mean n
compared difference
Flowers at suitable (| 1yreated| 17.5 4 0.5 | Untreated-NAd | 2.89 & 0.76 | 61 | SY
stages (flowersat or NAd 1 4‘ P 0‘9 : - *
near opening) : : ‘
Flower buds Untreated| 4.7 -1 0.8 | Untreated-NAd | 0.75 . 071 | 16 | =
{earlier stages) NAd 39 L 08 ’
Flowers after open- [| Untreated| 3.1 £ 1.2 | Untreated-NAd | 1.43 £ 089 | 7 | -
ing (later stages) NAd 1.6 & 0.6 :
1) 8 == 1Y% significance —~ = less than 59,

The general trend is obﬁiously the same as in the experiments on self-pollina-
tion. There is a slightly unfavourable effect of NAd appllcatlons and this is
significant only in cases of a sizable seed yleld

3. DISCUSSiON AND CONCLUSIONS

The fact that bud pollination increases the seed set is in agreement with
previous findings of several authors cited in the introduction. PEARSON (235,
1929) and KAKIZAKI (14, 1930) obtained the largest amount of seeds from buds -
selfed 2 days before opening, while SEars (28, 1937) obtained good results 4 to
7 days before opening. This may have been due to a different temperature, yet it
should be mentioned that they worked with different varieties of Brassica
oleracea.

In our experience medium sized flower buds which are about 7 to 9 mm long
" yield the highest amount of seed after selfing. At 15-17 °C these buds open after

3 or 4 days, at 1013 °C after 5 to 7 days and at 2-6 °C after 13 to 21 or even
“more days. When the buds have passed this stage they become strongly self-
incompatible. This was shown to be the case in cabbage by ATTIA (1, 1950), who
found that a high percentage of hybrid seed was obtained when buds were
pollinated 3 to 1 days before opening according to the prevailing temperature.
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The small decrease in self-incompatibility a few days after opening of the
flower is in agreement with the results of Kakizaki (14, 1930) with cabbage and
MOoHAMMAD (23, 1935) with Indian toria and Indian sarson.

The observation that self-incompatibility at anthesis is due to inhibition of
pollen germination and tube growth is in agreement with the conclusions of
Stout (31, 1931), Sears (28, 1937) and TATERE (34, 1951) who worked with
other Brassicas. BATEMAN (2, 1954; 3, 1955) reported that in all crucifers which
he had examined, pollen tubes were inhibited before the stigma had been pene-
trated. This inhibition has been assumed to be due to a substance formed by the
stigma (TATEBE 33, 1947; 35, 1955 and Kron 16, 1956). This substance is
probably responsible for the reaction between style and pollen assumed by
SEARS (28, 1937) and BATEMAN (2, 1954; 3, 19535). It follows from fig. 3 and &
(pages 8 and 11) that this hypothetical substance begins to affect the pollen
a few days beforc anthesis and reaches its maximum at the opening of the
flowers. Later on there is 2 decrease in the inhibition. In very old flowers there
is no difference in the seed set following self- or cross-pollination, so the incom-
patibility substance has probably disappeared again.

PEARSON (25, 1929} concluded that bud pollination enabled the tubes of the
incompatible pollen to reach the ovules before degeneration of the egg cells.
This explanation is unsatisfactory because, as the data show (table 3}, the
pumber of seeds obtained from flowers selfed a few days after opening is
significantly larger than that obtained from flowers selfed at opening, although
‘the latter have shorter styles than the former. Moreover, egg cells do not
degenerate quickly as shown by the excellent sesults of flowers cross-pollinated
some days after opening.

Kaxizaxi (14, 1930) atiributed incompatibility in cabbage to slow growth of
the pollen tubes caused by an inhibiting substance produced abundantly when
the pistil was in its prime, but in lesser quantities when it was losing vigour. The
present experiments with Brussels sprouts indicate that early in the life of the
budnand late in the life of the flower the inhibitory substance is not produced
at all.

ArTia (1; 1950) found that flower buds of cabbage when pollinated at an
early stage gave more seeds when selfed than when crossed. He assumed that
at this moment the inhibitory substance was at a low concentration, at which
it might promote pollen tube growth rather than inhibit it. The prc’:sent data
with Brussels sprouts give no reason for this explanation. Meanwhile we agree
with ATTIA that the style length at the time of self-pollination is not the prime
factor governing the seed set. .

Alpha-naphthylacetamide did not overcome incompatibility in Brussels
sprouts. The same growth substance and the same method were previously used
by EvsteR (10, 1941) and claimed to be very helpful with petunias, marigolds

cabbage and red clover plants. EYSTER assumed that NAd appiications in:
creased the growth of incompatible pollen tubes by neutralizing the incompat-
ibility substance. . _

Lews (18, 1946) found that NAd applied to the styles in 20 p.p.m. aqueous

solution had no effect on incompatible or compatible pollen tubes of Prunus
species and Oenothera organensis. The style abscission was delayed by 2-3 days
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but the incompatible pollen tubes stopped growing as in the normal cases.
‘When high concentrations were used all the pollen tubes burst, and in Oenothera
empty seeds and parthenocarpic fruits were obtained. According to Lewis (20,

1949) the seeds obtained by EvsTER might have been empty.

* McGuire and Rick (22, 1954} used the same growth substance to obtain
seeds from incompatible crosses of Lycopersicum peruvianum without success.
The only effect of the growth substance was to prevent flower drop.

The large seed numbers obtained by NAd (EMSWELLER and STUART 9, 1948),
from incompatible crosses of the Easter lily may be due to the delay of style
abscission allowing the slow growing pollen tubes to reach the ovules (LEw1s 20,
1949).

Although beta-naphthoxyacetic acid stimulated polle;n tube growth to some
extent in pear-apple hybridization (Brock 4, 1954), the-success achieved was
due mainly to parthenocarpy. This is concluded because pear-apple hybrids
were only obtained from varictics capable of parthenocarpy and reciprocal
crosses (apple-pear} were not successful. Tt was also observed by Lewis (19,
1948} that growth substances could induce fruit development preventing the loss
of the few seeds which developed in Oenothera and by DarRrROW (8, 1956) in
blueberry heteroploid crosses.

In Brussels sprouts incompatible pollen tubes do not penetrate the stigma

- (see page 11). The cause of incompatibility is not the slow growth of the pollen
tubes and the early abscission of flowers. Owing to parthenocarpy pollinated
flowers of Brussels sprouts remain on the plant with the styles until maturity,
although the siliques may contain no seeds. For these reasons negative results
could be expected.

I
RADISH

1. POLLINATION EXPERIMENTS

1.1. Experimental methods. The plants used belonged to the cultivars “Kleine
Ronde Witpunt’ (RW) and ‘TJskegel’ (IJ). As they began to flower, the plants
which were grown in pots, were removed to a greenhouse where the temperature
was kept at 20 °C at night and between 22 and 25 °C (occasionally higher, up
to 28 °C) during the day. Flower buds and open flowers of different ages were
selfed or cross-pollinated in the way described for Brussels sprouts.

1.2. Results. The data obtained from self-pollinated plants which are sum-
marized in table 7 show nearly the same trend as those of Brussels sprouts (cf.
tables 1 and 3). In radish also the average number of seeds set after self-
pollination increases as buds are selfed at a later stage of development and here
also there is a sudden decrease in yield when the buds reach anthesis. A difference
from Brussels sprouts is that the increase in the seed number when flowers are
pollinated after opening is stronger; the optimal seed set of flowers selfed after
opening reached the same value as the seed set of buds selfed before opening.

At the slightly higher temperature the rise and fall of the seed yield is some-
waht more abrupt, although the maximum and minimum values are about the
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TABLE 7. Average sced numbers.obtained from incompatible radish plants when flowers were
self-pollinated at, before, or after opening.

Number of days before Nember of days after

Plant lzeal'gncéf Temperat- opening opening
number (1955) ure

540 3] 2 |1 | o1 fz2]3|4a]s
‘RW 1 | 27 June , 12|50 )42 05|27 6353130
RW 1 28 June 2012060460 30 63
RW 3 30 June |}20-25°C 10 /302814005 10}1230,0 0
1y 4 5 July - 1.0 |10 |40 126 30|05 (201350301510
¥ 5 6 Juiy ‘ 40170106 125165120 2603
RW.1 | 15 July 20-28°C 4515006 (62168221050
RW 3 15 July } . 1.0 (202014010145 (2612010

same. In both temperature ranges the only moment at which seed set following
selfing is unsatisfactory is at the day of anthesis. When the temperature was
20-25 °C, flower buds yielded the maximal seed set 3 to 1 days before opening,
but when the temperature rose to 28 “C the maximal seed set was obtained only
on the day before opening. At the lower temperature the seed set after opening
did not reach its peak until 2 or 3 days after anthesis but at the slightly higher
temperature it was already reached the first or the second day after the opening
of the flower. .

The data from cross-pollinated plants (table 8) also confirm the observa-

TABLE 8. Average seed numbers obtained from radish plants when flowers were cross-
pollinated at, before, or after opening.

Number | Date of Number of days before Number of days after

of female | crossing Temlﬁzrat- opening opening

parent | (1953) af32]tjof1{2]3]4]5
RW 1 | 27 June 40|50 71|78 |82 2.5 | 3.0

RW 2 | 28 June 70170 (6070700 0
RW 3 | 30 June |}20-25°C | 1.5 | 3.2 (35|70 |75 |75 |35 |45/0 |0
4| 5July 35 (70 |75 (70|50 |26( 1310
U5 | 6July 708073 10]0 |20

tions made on Brussels sprouts (cf. tables 2 and 4). In radish too there is &
gradual increase in the seed set as the buds are pollinated at a later stage. The
optimum is reached one day before opening at 20-25 °C; this high level is
maintained at opening and for one day after that. Then the seed yield decreases.

For a further comparison of the results of self- and cross-pollination we will
use the data from plants RWI1, RW3, 1j4, and 1J5, which were selfed as well
as crossed. The most striking difference is the average secd number obtained
when plants have been pollinated at anthesis. This is 7.0 to 7.8 when flowers have
been cross-pollinated and only 0.5 to 0.6 when they have been selfed. When
flowers are pollinated in the bud stage the difference is less pronounced but at
all stages seifing was significanily less successful than crossing. The same holds
true for the seed yield of flowers pollinated 1 or 2 days after the opening of the
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Fig. 7, Radish: Corripanson between selfing and crossing at 20-25°C. At all bud stages selfing
was less successful than cross-pollination. No significant difference in the seed set when
flowers were selfed or cross-pollinated 3 to 5 days after anthesis.

flower. In later stages the seed yield is very low and differences are not significant.
In figure 7 the results of crossing and selfing, both before, at and after opening
of the flowers, are represented. Photograph 2 also illustrates the results.

The behaviour of the potlen tubes in a highly self-incompatible plant was
studied using the same method deseribed for Brussels sprouts. Forty eight hours
after self-pollination at flower opening only 309, of the pollen had germinated.
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The pollen grains were about 20y in diameter. Twenty five per cent had pollen
tubes less than 20y long; 39, had tubes from 20 to 40p and 29, had tubes from
40 to 60y, long. Penetration of the stigma was not observed.

2. EXPERIMENTS WITH GROWTH SUBSTANCES

2.1. Methods. Alpha-naphthylacetamide (NAd) and para-chlorophenoxy-
acetic acid (CPA) were used in 10 p.p.m. aqueous solutions. The flowers were
treated in the way described for Brussels sprouts,

2.2. Results. The average seed set of selfed flowers obtained in the different
treatments is given in table 9,

TABLE 9. Effect of NAd or CPA applications on the seed set obtained from incompatible
radish plants, when flowers were self-pollinated at different stages.

Comparison between parallels in the
Treat- Mean different treatments
Flower stages ment number
i of seeds Treatments Mean
: compared difference n
Flower buds and [{ Untreated! 4.4 L 0.3 Untreated-control | 1.54 4+ 0.46 | 15 | 8Y
flowers after Control 29 + 0.6 Untreated-NAd 317+ 047 115 | S
opening at NAd 1.3 £ 04 Untreated-CPA. 259 05615 | S
suitable stages CPA 1.8+ 05 Control-NAd 163 069 | 15 | 3
: Control-CPA 1.05 £ 075 | 15 | -
Untreated| 0.6 4 0.1 Untreated-control |-0.05 + 027 | 4 | -
Flowers at Control 0.7 £ 0.2 Untreated-NAd 040 £ 019 | 7 | -
opening NAd 02 101 Untreated-CPA 040 =016 | 7 | 8
CPA 0.2 + 0.1 Control-NAd 050 018} 4 | -~
Control-CPA 0.50 + 0.25 4 |-
Untreated| 1.8 + 0.2 Untreated-control | 0.35 + 0.19 | 14 | ~
Flowers at other | | Control 1.5 + 0.2 Untreated-NAd 1.05 026 | 14 | S
stages NAd 08 +03 Untreated-CPA 0884+023 |15 | S
CPA 09 4+ 0.2 | Control-NAd 0704026 [ 14 | S
Control-CPA 0524025 |14 | -

) § = 59 significance or better - = less than 5%,

In radish also, the number of seeds obtained. after self-pollination at the
suitable stages is decreased by the growth substance applications. A difference -
from Brussels sprouts is that NAd has an unfavourable effect compared with
the control solution. Flowers self-pollinated at unsuitable stages do not show
%gh significance between treatments which is obtained when the seed set is

er. -

The data obtained from cross-poliinated flowers are summarized in table 10.
The seed set is also decreased by the growth substance applications, especially

when the flowers are pollinated at the suitable stages that vi i
quantities of seed. _ : | £ yield relatively large
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TABLE 10, Effect of NAd or CPA applications on the seed set obtained from compatible
combinations of radish plants, when flowers were cross-pollinated at different

stages.
Comparison between parallels in the
: Treat- Mean different treatments -
Flower Stages ment number
; of seeds Treatments Mean n
compared | difference
Flowers at suit- (| Unireated, 7.0 - 01 | UntreatedNAd | 132 4 037 [ 17 | 89
abe stag NAd 56 404 | Untreated-CPA | 3.11 2050 | 18 | §
{Flowers at or CPA 3.9 1 0.5
near opening) - ’
Flowers at - Untreated| 2.2 & 0.5 Untreated-NAd 078 048 j 11 | -
NAd 1.8 & 0.6 Untreated-CPA 100 036} 13 | 8
other stages CPA 1.2 & 0.4
1) § = 29 significance or better — = Jess than 5%,

3. DISCUSSION AND CONCLUSIONS

As the results on Brussels sprouts have been fully discussed, the comments on
the data from the experiments on radish may be short.

The results show that radish may be successfully self-pollinated both in the
bud stage and after anthesis, although the seed yield will never attain the same
values reached after cross-poliination. The most suitable stage for bud pollina-
tion is when the buds are 6 to 8 mm long, that is 1 t¢ 3 days before anthesis at a

-temperature of about 20 °C. Flowers should be pollinated 2 or 3 days after
anthesis at a temperature of about 20 °C and 1 day after anthesis at a hlgher
temperature.

The fact that self-pollination of radish is much more successful when done
in the bud stage than at opening was already shown by Kakizakr & Kasai (15,
1933). TateRe (32, 1940) was the first to show that good results may also be
obtained with old flowers.

One may assume that at anthesis a substance is produced that inhibits

" germination and tube growth of incompatible pollen. In radish the perfod
during which this substance completely inhibits self-pollination lasts only for
the day of anthesis, at least at 20-28 °C. In Brussels sprouts, this substance was
effective for a longer time; this may be due to a genetic difference between the
two, and also to the fact that the prevailing temperature during the experiments
with Brussels sprouts was much lower.

In radish the fact that the seed set obtained after selfing is always less than
after cross-pollination indicates that the inhibition is never completely absent,
unless perhaps at very early bud slages or very late in the life of the flower. This
means that in radish self-incompatibility cannot be overcome completely,

The behaviour of incompatible pollen in radish was studied by TaTEBE (32,
1940). Our.data are in accordance with his results. .

The growth substance applications did not overcome incompatibility in
radish. The resuits obtained agree with those of Brussels sprouts. However, in
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radish NAd applications had an unfavourable effect compared with the control
solution. Growth substances may have different effects on different kinds of
plants and under variable conditions.

In radish incompatible pollen tubes do not penctrate the stigma (see page 17).
The flowers remain on the plant with the styles at least for some weeks after
pollination although the siliques may contain no seeds. Further details have
been previously discussed with Brussels sprouts.

v
CYCLAMEN

1. INTRODUCTION
The low fruit set obtained from cyclamen crosses led to the present experi-
mental work.

There is no incompatibility in cyclamen, as although small numbers of fruits
are obtained in many cases the fruits always contain seeds.

2. (GENERAL OBSERVATIONS

2.1. Growth of fertilized ovules and ovaries.  Plants of the cultivar ‘Perle von
Zchlendorf’ were used. At different intervals after pollination, 3 to 6 ovaries and
10 to 20 ovules from each ovary were studied. The data collected were the area
of one side of the ovule and the area of the ovary base in mm2. The average

values are given in table 11. These show that ovules and ovaries start to grow
about three weeks after pallination.

TABLE 11. Growth of ovules and ovaries of “Perle von Zehlendorf”® after pollination.

Number of weeks after Average area Average area
pollination . per ovule per ovary base
0 0.08 mm? 2
1 0.08 - . 3™
2 0.07 ' 16.3
3 0.13 18.9
4 0.32 22.0
6 407 122.0

2.2. Decay of the flower stalks. Cyclamen flowers have fleshy stalks. In
most cases a large number of the stalks on a plant loose their turgidity and rot
away during the first month after pollination. When the number of decayed
stalks is lower, the decay occurs more gradually over a longer period. However,

in all cases the stalks which later decay stop elongating befi rui
" . oret lops.
The pattern of this decay is shown bysthe ﬁguresg givegn in ta?)l;l §2f iedevelop

2.3. Correlation between number of seeds and seed wei ‘ i
eygrEen . y weight, The cultivars
. ‘Wit and “Perle von Zehlendorf” were used for observatigns on seed weight
and number of seeds per fruit. These data are semmarized in table 13. It is






