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1. Phenology of blooming

The main efforts of studying the phenology especially of
the blooming process arc aimed to find suitable polliniser
varieties [or the self-incompatible or weakly (partially) sell-
fertile plum varieties in commercial plantations. The time of
blooming process is a relatively short period determined
genctically. As differences in blooming time between varietics
are considerable, coincidence of blooming within a population
of inter-breeding species becomes decisive from the point of
view of yield. Varieties of the diploid species as Prunus
cerasifera Ehrh, and Prunues salicina Lindl. start blooming
earlier than those of Prunus domestica L. (Schaer, 1952).

Szabd (1989) and Szalay & Szabd (1999) stated that
Japanese plums (P. salicina group) started blooming carlier
by onc week than the European plums (P. domestica) as
mean of many years and all growing sites observed in
Hungary. Observations of other authors present similar
differences between the two groups although the intervals are
narrower, 5 (Efimaoy, 1959), or wider, 20 (Bellini et al. 1982).

Expression of inherited traits 1s subject to several
of ecological, physiological,
morphological as well as technological nature. Térh (1957)
stated that variation of the start of blooming due to weather
conditions is much higher than inherent differences between
the varieties.

Toth (1957) compared his own data with those of other
authors” referring to the same varieties, Blooming started by
23-36 days carlier in California (Philp & Vansell, 1944), 21-26
days later in Sweden (Johansson, 1956) than in Hungary.

Kedpeczy Nagy (1943) estimated April 19 as the mean
beginning in plum blooming for the Budapest area, whereas
Téth (1957) put it to April 18 for the experimental orchard
Kamraerdd at close vicinity to Budapest.

For European plums, Szabd (1989) observed an average
interval of 8 days as the difference between the earliest and

environmental  eflects

latest blooming varieties. It changes to 9 days by lliev
(1985/a), 10 days by Faccioli & Marangoni, (1978) and 11
days By Tath (1957). Much larger differences are reported
by Nicorra et al. (1983): in Rome the variety Valor started

blooming 22 days earlier than Jefferson, whereas at Cesena,
Utility by 13 days earlier than Richard Early Italian.

Japanese plums, on the other hand, started blooming
within an interval of 5 days as a meun according to Szabd
(1989), whereas 7 (liev, 1983) and 8 days (Bellini, 1975) are
observed elsewhere. However, Nicotra ¢t al. (1983) stated a
substantially larger interval in Rome, i.c. 19 days.

Variants of the same varicty may differ considerably in

blooming time. According to Téth (1967 /a), the variety Agen
/ started blooming at mid time, whereas Ageni 2 on the late
end of the blooming period within the assortment.
The genetic basis of blooming date is complex. One
component is the rest period which has to be eliminated by
chilling, i.e. low temperature, subsequently, on the contrary,
the raising temperature expressed by the heal sum,
characteristic for the particular variety ought (¢ be
accumulated as a condition of bud break and blooming.
According to Vitanov (1963), a heat sum of 399 °C should
be accumulated from February | until blooming of plums in
general. Timon (1970) calculated 425 °C for the variety
Besztercei starting the accumulation with January 1.

Phases of the blooming process are not defined
unambiguously in the literature (Table /). The blooming
period is the interval between the start and the end of
blooming. In addition, distinctions are proposed between the
main blooming when about 50% of flowers are open, and the
day of main blooming when most flowers are open at once
(Nycki et al., 1985).

The length of the blooming period is equally inherited
and largely modified by environment, i.c. weather, as well.

Table I Definition of phases of blooming in plums

Start of bloom Main blooming | End of blooming

Ratio of open Rutio of faded Reference

flowers flowers
Less than 10% 0% 70% T6iH (1967)
Less than 10% 90% 90% Timon (1970)
Less than 25% | 80% and start of | 80% of petals Bellini & Bini
petal fall fell (1978)
Less than 5% | Blooming reached | More than 90% Nyéki et al.
the maximum Faded (1985)
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Tath (1957) stated that in seasons of earlier spring with slow
and gradual warming up, the period of bleoming is longer
than in seasons of steep gradients. Consequently, blooming
period of carlier blooming varicties usually lasts longer,
whereas varieties of late start finish blooming sooner. The
10-year mean of blooming period was 8.8 days long. There
is rough agreement with Johansson's (1956) report of 9.6
days. On the contrary, 12.2 days are calculated in California
(Philp & Vansell, 1944). The extreme, shortest and longest,
blooming periods were 4 and 15 days as indicated by Petre
& Pislaru (1981). Levickaja & Kotoman (1980) mentioned
3 and 12 days, {liev (1985/a) 9 and 16 days.

Taking individual varieties, the average length of
blooming periods were between 6.4 to 6.6 as the shortest and
11.0 to 11.2 days as the longest blooming varicties in
Hungary (Tdth, 1957). More to the south, in Italy, Bellini &
Bini (1978) distinguished three groups of the varicties with
short (7-10 days), intermediate (10-15 days) and long
(15-20 days) blooming periods.

Szabd (1989) attempted the grouping of varieties
according to the length of blooming periods in Hungary:

Short Intermediate Long

European plums| Less than 8 days| Between 8 and 11 d | More than 11 days
Oriental plums | Less than 9 days| Between 9 and 12 d [ More than 12 days

According to blooming data, the daily mean
temperatures before and during the blooming period arc
considered to be low if less than 10 °C, intermediate between
10 and 13 °C, and high if more than 13 °C for both, European
and Japanese plums.

Szalay & Szabo (1999) stated that during three
subsequent scasons, the blooming period of all European
and Japanese type plums lasted more than 10 days but the
Japanese plums bloomed even 2-3 days longer than the
European plums.

In seasons of late-blooming (when the start of bloom is
later than April 24 according to Szahd 1989) the blooming
period is short, in infermediate seasons (when the start of
blooming is between April and 20 and 24) the blooming lasts
long. Whereas early blooming seasons (when the start was
earlier than April 20) produce the most variable lengths of
blooming periods.

Temperatures before the blooming period is less
effective than those after the start of blooming which is
decisive to the speed of Mower opening process.

The data of daily mean temperatures, however, have to
be supplemented by the variation of temperature due to
sunny hours, cold spells and precipitation.

The statement that the earlier the longer the blooming
period of Térh (1957) refers to seasons of gradual warming up.

Szaba (1989) evaluated the relation between the length
of blooming period and meteorological data at several sites
and years in the Stanley variety. There was tight negative
correlation between the mean temperature and the blooming
period (r = —0.570; n = 16), similarly, with the sunny hours
(r = =0.583; n = 12). Rainy days, on the contrary, did not

influence the length of the blooming period. Figure |
presents proofs of that claim.
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Figure 1.

In 1983, the Japanese plum variety, Methley. started
blooming slowly and its blooming period was prolonged.
The temperature was, meanwhile, constantly below 10 °C.
On the contrary, in 1985, mean temperatures kept mainly
above 10 °C, thus the graphics of blooming was steep in
both, rising and drooping phases.

Blooming dynamics of the plum is characterised with the
following statements:

In early blooming varieties (which start blooming at
lower temperatures):
« the start of blooming of varieties is more variable, the
differences are more pronounced,
« blooming period is prolonged,
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+ blooming rhythm is lagging,
+ end of blooming is sluggish.

In late blooming varieties (and in warm springs):

+ differences in the start ol blooming between varieties are
reduced,

+ blooming period is short,

« blooming intensity is high,

+ end of blooming is abrupt.

When the weather before blooming is cool and rainy,
differences in the start of blooming become more
pronounced, whereas heat and sunshine during the first part
of the blooming period caused quick start and abrupt end of
the blooming process in spite of the subsequent cool weather.

The sequence of blooming

Tath (1957) compared his own data with those available
in the literature and concluded that the sequence in blooming
time of the plum varieties is stable over years as well as over
growing sites. However, present authors experienced
contradictory results in the start of blooming and in the time
of main blooming as the relative sequence of varieties was
variable. Taking the variety Stanley as a reference, the
relative blooming data of plum varieties are presented in
Table 2. The sequence of varieties proved to be rather
variable depending on growing sites. Deviations of 6 or
more days were noted in the relative start of blooming at
about the half of the varieties. Records of relevant authors
referring to the start of blooming exhibited variable
sequences. According 1o Nicotra et al. (1983) in Rome, the
varieties Qntario, Zild ringld (Green Reine Claude), Czar
(Tsar), Opal, Ruth Gerstetter and Bluefre start blooming
later than Stanley, whercas at Cesena and according to Szabd
(1989) they start blooming earlier than Stanley.

Szabd (1989) summarised data on the relative sequence
of blooming dates over several years and growing sites in
Table 3. Ecological conditions, age and understock of the
trees, training and cultivation practices of the plantations are
all to be taken into account let alone the different seasons
and growing sites, in the evaluation of data. The mean date
of the start of blooming has been registered. Largely, the
varieties belonging to groups of early und of late start of
blooming were well defined over years, but their relative
scaucence within the group was variable in both, start of
blooming and main blooming time. Nevertheless, it is taken
as a fact that blooming dates of plum varicties are
genetically determined but subject to environmental effects
as the relative sequence (within the early or late blooming
groups) may change yearly.

For the self-incompatible plum varieties adequate
polliniser varicties ought to be chosen which are sufficiently
coincident in bloeming time. For that reason relevant
varieties are assigned to blooming time groups. As most
convenient seems 1o be a system of three groups (Hedrick,
1911; Tath, 1957; Faccioli & Marangoni, 1978), whereas
four groups are proposed by Bellini & Bini (1978) and
Belmans (1986). Moreover, Kellerhals (1986/b), Szabo
(1989), Szabs & Nyéki (1995) established five blooming
time groups.

The changing sequence of blooming time necessitates
data of several (at least 3) years as well as growing sites 1o
establish the blooming time groups valid for a delined region.

The coincidence of blooming time

As indicated, the proper association of plum varieties in
order to secure a safe cross pollination for the varieties either

Table 2 The relative sequence of European plum varieties according to start of blooming

Relative start of bloom compared with the variety Stanley (days) Difference (days) in
Relerences the start of blooming
Viisity Szubo Faccioli & Marun- Sansavini et al. Nicotra et al, Ilicv (1985/a) hetwen sites
(1989) goni (1978) (1981} (1983)
Roma Cesena

Utility -5.0 -6 -4 )
Ontario -3.7 —4 2 —4 6
President =211 -3 -4 -5 -1 4
Zold ringlo -3.0 0 -2 2 =] 5
Early Laxton -3.0 -0 -2 -1 -3 5
Debreceni muskotily -2.3 2 5
Czar -2.5 -2 -2 4 6.5
Althann ringlé -2.3 -4 -1 3
Ersinger frithzwetsche 2.3 -2 -2 0
Opal -2.3 -2 7 -1 -1 8
Ruth Gerstitter -1.7 -2 -3 4 -3 %
Italian blue -1.3 -3 5 6
Bluefre 0.9 0 0 6 -2 1 8
Richards Eurly Italian -0.4 1 2 11 8 11l
California Blue 0.3 1 0 |
Stanley Apr 21 Apr. 5 Apr. 5 March 28 Apr.1. Apr.8

Tuleu Timpuriu 0.0 10 3 10
Tuleu gras 0.7 1 4 7 3 i
Besztercel szilva L& 2 5 - 3 3
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Table 3 Flowering and fertility groups of plum varietics (Szabé et al., 1999)

Varieties according | Blooming- | Fertility relations | Fruit set in open Varieties according | Blooming- | Fertility relations | Fruit set in open
to their blooming | time group pollination to their blooming | time group pollination
Utility Early sell-sterile medium Asatan Late sell-sterile medium
Bourdett Angelina Early completely self-sterile high Besztercei N, 122 Late highly self-fertile very high
Silvia Early completely sell-sterile high Pozegaca Late highly self-fertile high
Ontario Early highly self-fertile very high Pacific Late completely self-sterile high
Reine-Claude de Bavay Early partially self-fertile medium Besztereei Bb 416 Late partially self-fertile high
Volosko Early completely self-sterile medium Myrabelle de Nancy Late highly self-fertile very high
Zimmer Friihzweltsche Early self-sterile high Hauszwelsche Rudin Late self-fertile high
President Early completely self-sterile high Huuszwelsche Grider Late partially self-fertile high
Growers Late Victoria Early partially self-fertile high Vinatte Romanesti Late not studied not studied
Early Laxton Early self-sterile medium Hauszwetsche T.F. Late partially sell-fertile high
Debreceni muskotily Early self-sterile high Beszlercei szilva Late not studied not studied
Czar Early partially self-fertile medium
Bartschis Frithzwetsche Early completely self-sterile high
Althan ringlo Early completely self-sterile medium ) ) )
Ersinger Friihzwetsche Early | self-fertile high self-incompatible or of low female fertility claims more or
Opal Early | not studied not studied less coincidence of blooming. Coincidence in blooming
Sentyabrskaya Early male sterile medium o T T N — iiimeE
Cambridge Gage Early cabistarile high means a quantitative measure of etficiency i pollination.
Cacanska lepotica Early partially self-ertile medium Szabad (1989) worked out the patterns of blooming times and
%{‘Cté"‘;‘k“ najbolja E‘"EY C“]’:_”f’lc:?['y selfteriie ”‘““:”?‘I coincidences of the most important European plum varieties
ictoria arly sell-fertile very high ) e o f e E T s
Ruth Gerstitter Early | not studied 4 based on data of 5 years as shown in Table 4. The self-
Krikon Early | self-fertile high incompatible and partially self-fertile varicties need cross-
Cacanska rodna Ealy highly sell-fertile very high compatible pollinisers chosen from the respective blooming
Cacanski [I/1/80/59 Early completely self-sterile nol studied . . . . L X
Caitariir Mediiin | miiale wenile not:studied time group. Combinations of varieties checked at least during
Rihr Pflaume Medium | self-fertile very high two seasons are analysed and recommended regarding to the
[talia Medium | self-fertile higt : . : : : y
s Hu i e Hen ratio of overlap in their blooming times. As a rule, a 70%
Valor Medium | completely self-sterile high ) ) . o )
Pescurus Medium | male sterile Jow overlap in blooming time between the varictics (i.c. the
Gras amelioral Medium | not studies high variety to be pollinated and the respective polliniser varicty
Bluefre Medium | partially sell-fertile medium or varieties) is considered to be sufficient (Sofltész, 1980)
Szopemyica Medium | sell-fertile high :1 R ) _L“ ¢ A e ICIEN RS OITESZ, g
Early Italian Medium | self-fertile high There are varictics of moderately carly start and a
Alvena Medium | not studied not studied prolonged blooming period, e.g. Cacanska najbolja. 1t will
Kisinevskaya rannaya | Medium | self-sterile b be pollinated almost by all of the cultivated varieties, and
Richards Early Italian | medium late | self-fertile high ; ) : s ) . ; )
Sehwabs Frithzwetsche | medium Tate | self-fertile high inversely, the blooming of almost all varictics needing cross
Tuleu dulee medium late | completely self-sterile high pollmull()n arc overlapped by the blooming pCl'lOd of
Fellenberg T. 24 medium late | sell-fertile ‘ high Cacanska najbolja al a rate of 70 to 100%. At the same time,
Laxton blau medium late | completely sell-sterile high SEE Vanetes Ee diffealc 5 sunpl il seiliseriints
California blue medium late | partially self-fertile low AL valretles @ro _(_l TEL 9 sUpply WI' 1 ‘K‘ cquate
Chrudiemer medium late | partially seli-fertile high polliniser because of its utmost carly blooming time, as
Albatros medium late | male sterile high Utility, or its late blooming, as the male sterile Tuleu gras.
Slanley megium lele | [palY SEIFEle high The latter variety is especially difficult to catch its blooming
Ageni medium late | partially sell-fertile high . ; : : i s 3 -
Friihe Fellenberger medium late | not studied not studied time being highly variable, yearly. Some varieties as
Tuleu Timpuriu medium late | male sterile low Cadanska rodna, Debreceni muskotdly, President and
Besztercei Bl 2 Late | highly self-fertile high Silvia being utterly variable in blooming time, their mutual
Korai Besztercei Late self-fertile high _— . i et —— {l B
Bosstarcal B 1 Late ['l;ll'li&l“)" slf-fertile high com )I.l‘ld l.()ﬂ lh_ no recommend ':\,[ n 1€ CdsC (
Tuleu gras Late male sterile high complications of that type, the association of more than one

Table 4 Coincidence of blooming in European plum varieties in %. (Szabd, 1989, Kecskemét 1985-1989)

| Besztercei | Bluefre | Cacanska | Cacanska | Stanley Althann | Cacanska | Debreceni| President Silvia | Utility
Q Bb. 416 lepatica rodna ringlo najbolja muskotily
Althan ringlé 36-67 S0-78 88100 83-100 50-75 — 89100 78100 89-100 S0-100 | 67-88
Cacanska najbolja 40-75 60-89 70-100 75-100 62-90 75-89 - 67-90 50-88 67-90 | 56-80
Centenar T1-75 62-100 88-100 75-86 62-86 75-100 100 71-88 8688 71-75 | 57-62
Debreceni muskotily | 33-71 36-62 78100 86100 50-67 8689 75-100 - 69-100 86100 71-89
Pescarus 43-78 62-100 88-100 67-100 62-89 75-100 89-100 56-100 67-100 56-100 | 44-86
President 38-62 50-100 75-100 62-100 50-75 75v100 57-100 88100 - 88-100 | 75-88
Silva 30-57 50-75 70-89 4360 43-60 56-80 67-90 86-90 88-100 - 86-90
Tuleu gras 71-86 58-100 50-71 58-100 58-100 42-74 50-86 25-71 33-71 25-71 | 11-57
Utility 18-43 28-50 54-88 57-88 28-45 64-75 62-72 71-88 64-88 82-100 -
Bluefre 67-100 - 56-89 67-88 70-100 56-87 67-100 56-80 56-80 56-60 | 40-44
Cacanska lepotica 43-71 50-80 - 80-100 64-90 82-100 71-100 73-100 60-100 73-100| 64-86
Stanley 67-86 T1-100 67-100 71-80 57-86 78-100 57-71 50-71 57-67 | 43-57
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polliniser, i.c. one starting about 2 days carlier, the ather
synchronously or 2 days later than the variety to be
pollinated, seems to be a sound solution. The moment when
the flowers open is considered optimal for pollination from
the point of view of receptivity of stigmata, and it means that
during the whole blooming period pollen must be available.
The carly blooming variety, Utility which has a blooming
period of medium length cannot be supplied but with a few
early blooming varietics, similarly, Besztercei Bb. 416
starting late with a short blooming period is sutisfied by late
blooming pollinisers, only.

Varieties belonging to the same blooming time group are
coincident sufficiently, i.e. by 75-100% with each other,
whereas varicties belonging to neighbouring blooming time
groups overlap each other’s at a rate of 70% at the best.

Not only the overlap of blooming periods is important,
however, the coincidence of the main blooming time (when
about the 50% of flowers opened) offers the best opportunity
of successful pollination.

Szabd (1989) indicated in Table 5 the main blooming
time of Japanese plums as a supplement of the dates of
blooming periods. Varieties of intermediate blooming dates
(Santa Rosa, Burbank, Shiro) coincide well also in main
blooming time. A safe pollination requires the coincidence
of main blooming times by a rate of more than 50%. From
that point of view, Merhley cannot be supplied safely by any
known variety. The cincidence of blooming times in
Japanese plums used to be much more variable than in
European plums. Blooming phenograms of varicties
visualise those relations well. In Figure 2 it is evident that
blooming period of Ruth Gerstiitter is overlapped entirely
by that of the carlier blooming President and the later
blooming Besztercei Bi. 2.

2. Fertility relations
2.1. Self-incompatibility and self-fertility
Self-fertility of plum varietics is genetically determined

(Tath, 1957). The extent of self-fertilisation is, however,
highly subject to different external and internal conditions.

bloom
%

1984

100

19 20
April

Ruth Gerstatter
President
Besztercei BT.2. R

Explanation:

Figure 2 Effective pollination of Ruth Gerstiitier by two pollinizers
blooming at different periods (Nyéki 1989)

The pollen grown in the same flower has the most
chances of arriving to the stigma. In self-fertile varieties that
mzans also fruit set with high probability (Keufemans, 1991).

Asian plum species (Prunus salicina Lindl., Prunus
simonii Carr.) and the American species (Prunis americana

Table 5 Coincidence of blooming in Japanese plum varieties in %. (Szabo, 1989, Siéfok 1982-1983)

Q g Methley Santa Rosa Burbank Shiro Elephant Heart Duarte
Methley S3-88 53-88 58-88 S58-83 53-75 50-63
0-100 0-63 14-100 0-50 0-88
Santa Rosa 71-100 B6-100 83100 83100 71-100
0-83 60100 67-80 60-100 0-100
Burbunk 69-92 75-92 85-100 77-92
0-63 75-100 50-100 80-100 20-100
Shiro 50-100 71-100 T9-100 86-100 71-100
25-100 50-100 50-100 S50-100 0-50
Elephant Heurt 36-91 50-100 73100 55-100 91-100
050 33-75 44-88 33-50 63400
Duarte 30-92 47-92 70-92 50-100 92-100
0-17 0-75 17-67 0-50 83-100

Remark:  first row: mutual coincidence during the blooming period

second row: mutual coineidence of the main blooming of the respective varietics
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Marsh., Prunus angustifolia Marsh., Prunus hortulana
Bailey, Prunus nigra Alt.), being of diploid chromosome
constitution, as well as their inter-specific cross
combinations arc all essentially self-incompatible.  Self-
fertility was found to be an exceptional phenomenon among
them@Waugh, 1897; Alderman & Angelo, 1933).

The cherry plum (Prunus cerasifera Ehrh.) also a
diploid, cannot be considered as entirely self-incompatible,
but the fruit set alter forced sell pollination in any variety
does not exceed the rate of 4.9% (Shoferistov, 1986).

Plum production is based, world-wide, on the hexaploid
(Prunus domestica L.) European plum varieties, mainly.
Fertility relations of those varieties are variable between
self-fertility, partial self-fertility and self-incompatibility
which is attributed to interaction ol several incompatibility
alleles in cach of the six-fold constitution of chromosomes
(Levickaja & Kotoman, 1980).

Torh (1969) stated that isolated flowers of self-fertile

plum varicties set more fruits by 45.2% alter artilicial self-
pollination than without it. According to him, isolation
(bagging) of the flowers, alone, does not reveal the potential
self-fertility of the respective variety.
For cheeking that claim Szahd (1989) explored the fruit set
of 5 self-incompatible and 5 self-fertile plum varieties after
having isolated (i.e. autogamy in the narrow sense) and
alternatively, isolated plus pollinated with the pollen of the
same variety (i.e. geitonogamy) (Table 6). There was, as a
matter of fact, some (very low) fruit set in isolated flowers
of self-incompatible varieties too (Dehrecent nmuskotaly and
President), however, artilicial pollination (geitonogamy)
nearly doubled the rate of fruit set in self-fertile varicites .

The ability of self” pollination (fruit set by autogamy)
depends also on structural (spatial) relations of the flower parts
according to Suranyi (1970). He claimed (Swrdnyi, 1985) that
in stone [ruit species the quotient of the length of pistil and the
number of functional anthers within the flower is causally
related with self-fertility. He also referred to the relative
number of anthers, and especially, the diameter of the stigma,
or in other words, the trend of epistyly and of polycarpy.

The ability of self fertilisation may dilfer according to
the group of varietics. Tarh (1980) stated that self-
fertilisation in the variants of the variety Besztercei changed
between 2.6% and 57.1%. Szabéa (1989) reported 2.0% and
37.4% values. Similarly, Ageni I set fruit at a rate of 37.2%,
whereas Ageni 2 at 7.% by their own pollen (Tath, 1980).

Sclf-fertile plum varicties proved to be superior to self-
incompatible ones due to several advantages. Tdth (1969)
proved that differences in the genuine ability ol setting fuit
are in favour of self-fertile varietics. That means also
differences in the case of free pollination which is convincing
as entirely self-fertile varictics set most (24.4%) in average,
whereas all other types as weakly self-fertile, practically self-
incompatible and entirely self-incompatible ones produced
maximal fruit set in decreasing order (15.3, 15.2 and 9.8%,
respectively). The same tendency has been expressed by
Gavrilina (1986), Szahd (1989) and Nyéki & Szahd (1995).

Table 6 Comparison of fruit set (%) in self pollinated flowers, efficiency
as pollinisers and in [ree pollinated flowers
(Szabd 1989, Kecskemét 1988-1989)

Fruit set (%)
Group of varieties Mean of two vears
Variety Scll'—!'(:.rli.lily Cross fertility (').pen'
as polliniser pollination
Self-incompatible
varieties
Althann ringlé 0 0 214
Cacanska nagbolja 0 0 17.6
Debreceni muskotily 0.3 1.5 30.1
Pacific 0 0 34.1
President 1 0.4 36.5
Mean of self-incompatible
varictics 0.6 0.4 27.8
Sclf-fertile varieties
Besztercei Bb. 416 10.3 25.7 34.6
Bluefre 9.8 8.3 30.1
Cacanska lepotica 12.0 15.9 41.2
Cacanska rodna 335 58.3 67.6
Stanley 7.4 16.4 37.1
Mean of self-fertile
varieties 14.6 249 42.1

The minimal rate of fruit set necessary for safe yields in
plums is estimated in the literature differently. In ltaly, more
than 5 % is considered as sufficient (Bellini &Bini, 1978;
Faccioli & Marangoni, 1978; Bellini, 1980). The variety is
regarded to be self-incompatible if it set {ruit less than 1 9%,
whereas partially self-fertile with records between 1 and 5%.

Rudloff & Schanderl (1950) and Térh (1967/b and 1969)
draw the limit at 10%, moreover, Levickaja & Kotoman
(1980) at 15%.

The number of groups representing varieties of different
degrees of sell-fertility varied between 2 (Backhouwse, 1911;
Kostina, 1927) and 7 (Paunovic, 1971). Most frequently a
system of 3 groups (self-incompatible, partially self-fertile
and sell-fertile) is used (Rawes, 1921; Crane, 1925; Rudloff
& Schanderl, 1937; Tath, 1966 and 1967/b, Szabd & Nyéki
(1989). Finally, four groups have been suggested by Tarh
(1969) (Table 3)

More than 29.5% of the varieties set fruit on more than 10%
of the flowers. In the production, however, sell-fertile
varieties are much more represented than that.

The majority of Japanese plums is self-incompatible
which mans that an association of polliniser varieties is
necessary (Sansavini et al., 1981). Low levels of self-fertility
has been registered, however, in some varietics (Methley,
Santa Rosa). Palara et al. (1990) observed some self
fertilisation in all varicties but at very low levels (below
2%). Gautier (1977) considered the varicty Santa Rosa as

Szabd (1989) established 5 fertility groups for the 56 European plum
varieties, studied.

Distribution of

" 111 e L&
Group Fruit set (%) variefies (%)
Entirely self-incompatible 0 28.6
Self-incompatible 0.1-1.0 14.3
Partially self-fertile 1.1-10.0 25.0
Sell-fertile 10.1-20.0 21.4
Highly self-fertile more than 20.0 10.7
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Table 7 The fertilisation (%) of Stanley (lowers depending on the kind of pollination (Szabd 1989, Kecskemét, 1987-1989)

1987 1988 1989 Mean of years
King:af pallination Number of Fruit set Number of Fruit set Number of Fruit set Number of Furiut set
flowers (%) flowers (%) flowers (%) flowers (%)

Self pollination 309 6.4 383 9.8 340 S 1032 2.1
Self-fertility 231 18.1 588 20.1 236 127 1055 7.0
Pollination of emasculated flowers
With the own pollen 300 0 200 20 209 2.3 709 7.4
With pollen of

Cacanska rodna 215 20.2 206 26.0 192 4.5 611 16.9
Free pollination of

Flowers left open 1350 427 1029 26.5 1216 47.8 3595 40.6

self-fertile, whereas Bellini & Bini (1978), Costa & Grandi
(1982), Szabd (1989) as partially self-fertile, Albertini
(1978) and Cobianchi et al. (1978) as self-incompatible.
Higher rates of self-fertilisation (16%) has found in the
variety Premier, only (Bellini, 1975; Cobianchi et al., 1978).

2.2. Fruit set and parthenocarpy

The plum fruit cannot be set and grown without regular
fertilisation. Parthenocarpy has never been observed
(Constantinescu, 1939; Tdrh, 1975), neither induced
artificially by treatment with Gibberelline (Crane et al.
(1960).

2.3. Free pollination

Stigmata of freely blooming plum flowers are supplied with
pollen from different sources by visiting insects, mainly bees
(and air walts). As the probability of getting pollen of other
trees is high, fruits set usually at higher rates than in isolated
flowers. Self-fertile flowers, however, set more safcly
because, especially under unfavourable weather conditions
for insect activity, pollen of its own has more chances to
reach the stigma. (Tath, 1969).

The genuine fertility of any plum variety is expressed by
the fruit set of free blooming flowers (Téth, 1980). There is
a large scale of variation in the fertility of varieties under
free pollination conditions. As extreme values 1.9% (K¢ék
datolya) and 58.19% (Penyigei szilva) are presented by Tath
(1969). Other authors report values as 9.9% (Bluefre) and
33.4% (Imperial) in an assortment of 14 varieties (liev
1985/b), whereas 6.7% and 61.2% by Chiriae ¢t al.(1981).

Criteria of abundant yield in stone fruits are estimated by
Stasser (1980) as 15-20% fruit set, for plums only around
20% (Marshall, 1919; Paunovic, 1971; Illiev, 1985/b).
Lower values of fruit set may be sufficient for varieties with
high flower density and large fruits. The varicty Zimmers
Friihzwetsche produced a heavy yield at low rates of fruit set
(7-13%) as shown by Lee & Biinemann (1981). Szabd
(1989) found signilicant negative correlation between
flower density and the rate of fruit.

Results of Tdrh (1969) proved also that, similarly to the
quantitative expression of self-fertility, differences exist also
in the tendency of fertility under conditions of free

pollination. Some groups of varicties (Ageni, and Beszrercei
szilvar) are inclined to be fertile at different rates not only in
isolation but under free pollination. According to Harsdnyi
(1975), the variability of fertility in the group of Besztercei
szilva is the consequence of its generative propagation. Téth
et al. (1988) observed more than 12-fold differences in fruit
set under free pollination and 10-fold differences in fertility
within the group of Besztercei szilva.

Szaba (1989) assigned 58 LEuropean plum varieties
according Lo their fruit set in freely blooming flowers to four
groups.

Groups Fruit set (%) Distribution of varieties
(%)
Low Less than 10 % 10.3
Intermediate 10.1-20 % 224
High 20.1-40 % 54.0
Very high more than 40 % 10.3

10.3%-of varieties set fruit on more than 40% of flowers.
Safe yields require more than 20% fruit set.

The majority of Japanese plums produce much higher
[lower densities and larger fruits than European plums which
means that a lower rate of fruits set (5—10 %) may satisfy the
requirement of high yields. Szabd (1989) estmated the
fertility relations of oriental plums as follows:

Group Fruit set (%)
Low below 5
Intermediate 5.1-10.0
High above 10

2.4. Cross fertilisation

As the majority of plum varicties is self-incompatible or
partially self-fertile, the availability of pollen sources for
cross-pollination remains critical from the point of view of
reliable yield.

For Japanese plums, the cherry plum proved to be a good
polliniser. European plums and Japanese plums, however,
fertilise each other, mutually but scarcely (Einset, 1939).

Ogasanovic (1985) considered those which fertilise
varieties of the Cacak group at a higher rate than 2-5% as
adequate pollinisers. For BEuropean plums, a polliniser
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variely securing a rate of at least 10% fruit set seems 1o be
sufflicient (Roman & Raduleseu, 1986). Toth & Erdds (1985)
and Szabd (1989) presented experimental proofs that for
President pollinisers producing more than 10% fruit set are
sal'cly_“ recommended (c.g. Debreceni muskotdly, Bluefre).

Relevant literature (Faccioli & Marangoni, 1978;
Roman, 1981; Stisser, 1984; Roman & Radulescu, 1986)
deals with Sranley as an excellent polliniser variety.
However, Misic et al. (1988) proved that the pollen of Stanley
lost viability much easier than that of Besztercei szilva,
therelore, experimental evidences emphasise its superiority.

Crosses performed with Japanese plums suggested as
good pollinisers all varieties which produced above 4%
(Tehrani, 1972 and Cobianchi et al., 1978) or 5% (Costa &
Grandi, 1982; Szabd, 1989) fruit sets.

Yearly changes in the ability of fertilisation of plum
varieties reported Stasser (1984). However, the potential
female fertility of varieties is even more variable than the
fertilising ability of their pollen (Ro, 1929). The pollination
with a mixture of different pollens produces synergistic
effects according to Arora & Ranvir Stingh (1987).

Flowers blooming [reely plus a pollination with alien
varieties produced greatly enhanced fruit set in relation to
being sell pollinated (Cocin, 1961; Kellerhals, 1986/a).
Cross pollination caused even higher rates of fruit set than
free pollination alone (Keulemens, 1991 and 1994).

The rate of elongation was slower in sell pollinated than
in cross-pollinated styles as stated by Levickaja & Kotoman
(1980). Tubes of the own pollen reached the ovule in 3-5
days, whereas alien pollen tubes needed 2-3 days. only.

For experimental cross pollination, as a rule, flowers arc
emasculated. The self pollinated flowers, il emasculated, set
less fruits than the intact ones. Alien pollen gave better sets
in Cacanska rodna over three years, In 1987 and 1988,
emasculation has been performed by excising stamina and
corolla together, whercas in 1989 also the upper part of the
calyx has been eliminated in one move with the stamina and
corolla. That way, the emasculation gained in efficiency (5
fold). though the scare caused some reduction in the rate of
fruit. Highest fruit set was experienced in flowers lelt freely.
Obviously, the pollen reaching those stigmata came from
different sources, from the same flower by gravitation, wind
walls, as well as other pollen carried by several bee visits. In
some cases, the rate of [ruit set was higher on emasculated
flowers than on intact ones (Kellerhals & Rusterholz, 1984),

The effect of pollination depends also on the phenological
as well as physiological status of the plant. Stigmata are
already receptive 1-2 days belore the bud opening (Randhava
& Nair, 1960; Knuth cil. McGregor, 1976). Practically,
pollination has no chance before the opening of flower (except
when opened by force), because anthers used not burst in
closed flower buds.

Szaba (1989) pollinated the flowers of Cacanska
najbolja at different stages of its development. At the start of
opening (first day), the rate of fruit set was high (25.3%), in
full opening (on the third day), 4.5%, whereas before petal

fall (on the 5™ day of blooming), 5.1 %, by using the pollen
of Stanley. Flowers pollinated at every three time sct fruit as
much as those pollinated the first time, once (26.5%).
Stigmata are most receptive in buds before opening which
suggests that the provision of pollen is most important just
after opening involving the carliest phase of blooming.

Stosser (1985) made an experiment of the above type
using the Liitzelsachser variety, and stated the gradual
decline in the rate of fruit set after the fifth day of blooming
(Figure 3).
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Figure 3 Fruit set of the flowers pollinated on different days after bud
opening in the variety Liitzelsachsen

Data of Szahd & Nyéki (1989) prove that the rate of cross
fertility highly varied according to growing site and season
(Table 8).

It is generally true that the fertilising ability of some
varieties used 1o be in every year and at each growing site,
stable, either poor (Ruth Gerstetter, Stanley) or good
(Cacanska rodna). For Cacanska najbolja  adequate
pollinisers causing about 20% [ruit sel, are the varieties
Bluefre, Cacanska lepotica, Cacanska rodna and President.
Al the same time, Ruth Gerstdrter and  Stanley were less
efficient pollinisers with rates of set below 10%. although
that would be even higher than the set on [ree blooming
flowers f the respective varietics.

As a conclusion, it is largely true that in the assortment
ol European plums where inter-incompatibility is a rare
phenomenon, the rate of fruit et is dependent, [irst of all, on
the female fertility of the respective variety rather than on
the quality of the polliniser.

For the purpose of efficient polliniser, varicties of
abundant pollen production are to be chosen, however,
experimental proofs of good fertilising ability (with about
30% fruit set) over several years are also necessary. As
excellent polliniser, partially sclf-fertile varieties are
Bluefre, Stanley, moreover, Cacanska najbolja, Cacanska
rodna and Presidenr which arc compatible with most of the
important varieties as far as their blooming is coincident.

Varieties with low fertility even in free pollination
(Duarte, Elephant Heart, Late Santa Rosa, Santa Rosa)
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Table 8 Cross fertility of the self-incompatible plum variety, Cacanska najbolja, at different sites and years (Szahé & Nycki, 1989)

Siolok Csiiny Kecskemeél Mean
Polliniscr varicty 1985 1985 1986 1986 fruit
Number of Ripe Number of Ripe Number of Ripe Number of Ripe sel
flowers fruits% flowers lruits% flowers fruits % Mowers fruits% Yo
Besztercei szilva 44 2.3 385 3.4 513 8.6 114 70 12.3
Bluefre 140 47.1 308 24.7 1239 1.2 131 6.9 22.5
Cacanska lepotica 83 45.8 b 20.4 518 6.0 145 241 18.6
Cacanska rodna 79 49.4 290 24.1 644 12.0 172 8.7 23.6
President 197 34.5 445 33.0 97.4 34 118 2.3 18.4
Ruth Gerstitter 95 7.4 140 7.8 - - - - 7.6
Stanley 206 3.9 319 9.1 1059 8.7 89 0 5.4
Cacanska najbolja
free pollinated 6043 5.0 16654 Ll 12197 1.4 1416 4.9 3.1

produced few sets in most cross combinations, on the
contrary, the most fertile Methiley set fruit abundantly by
most varieties as pollinisers,

2.5. Unilateral and reciprocal incompatibility

Cross-incompatibility may prevent fertlisation in
combinations which are but few among plum varieties.
Crane (1925) established 4 inter-incompatibility groups,
where within-group combinations are mutually incompatible
but between groups the combinations are fertile. In Hungary
Zald ringlo (Green Reine Claude) and [talian blue are inter-
incompatible (Vahl, 1961), whereas that, between President
and ltalian blue, has been reported by Bellini & Bini (1978).

Crane & Lawrence (1929) explained the low frequency
ol inter-incompatibility among Eurepean plums with the
hexaploidy of the species.

Inter-incompatibility cannot be found between sell-
fertile varictics as stated by Crane & Brown (1939),

Tetrani (1991) screened as many as 91 combinations ol

European plum varieties, and found 20 cases, on the other
hand, out of 35 combinations between Japanese plums, 17
proved to be mter-incompatible..

Szahd (1989) explored 51 combinations from the point
of view of fruit set (Tahle 9). The majority of varictics
fertilised well cach other (i.e. caused more than 10% fruit
set). Out of 51 combinations 14 were excellent, 24 good, and
only 15 were poor in fertility. Low fertility has been
experienced with Tulen timpurin as poor fertiliser (being
highly male sterile), Cacanska lepotica and Cacanska rodna
were less fertile. Stanley and Cacanska najbolja fertilised
cach other poorly.

As indicated, free pollination and cross pollination arc
tightly related. In the assortment of 12 plum varietics Tuleu
timpurin (31.1% and 3.7%) produced the lowest, Cacanska
rodna (66.0 and 47.9%) the highest fertility (fruit set) values.

Bellini (1975) inter-crossed Burmosa and other 26
Japanese and further 2 cherry plum varieties, and concluded
that no one mutually fertilising combination could find. For
Burmosa 5 varicties were good pollinisers whereas Burmosa
was good for other two varieties. Palara et al. (1990) achieved
fairly good (more than 5%) fruit set by artificial cross
pollination in Japanese plums of low fertility at free pollination.

The 48 cross combinations ol Japanese plums in the

experiment of Szabad (1989) were classified as follows: about
half of them, 25 set poorly, 9 well, whereas 14 sct
excellently (Table 10). Duarte, Methley and Shiro fertilised
the majority poorly (with less than 5% sels), there were,
however, few combinations with satisfactory results (e.g.
Friar x Methley = 23.49%). Sell- and inter-incompatibility is
much more frequently met in Japanese plums as in European
plums. Low fruit set in the combinations ol Methley and
Shiro suggests inter-inompatibility (Methley x Shiro = 1.5%,
Shiro x Methley = 0.6%).

Some varicties proved to be “universal” pollinisers, as
Elephant Heait, Friar, Laroda, Late Santa Rosa and Santa
Rosa' as most of the varieties set fruit at higher rates than
5% or more.

The statement claimed in relation of European plums
that the result of cross pollination depends mainly on the
fruit setting ability of the female parent, makes sense also for
Japanese plums.

As incompaubility in Japanese plums is more frequent,
their fertilising ability is more variable, the extreme mean
values of several growing sites and seasons were 0.9%
(Shire) and 14.2% (Elephant Heart). The ability of setting
fruit (female fertility) varied between 0.9% (Elephant Heart)
and 17.8% (Friar).

2.6, Sterility

The frequent cause of low rale in fruit set is of
morphological  nature  (short  style, small  stigma,
underdeveloped ovary). Those phenomena are more
frequent in Japanese plums than in the Europeans (Bellini ¢t
al., 1996; Palara, 1996).

[rregular and necrotic pistils are often found is plum
flowers. According to Waugh (1897) anomalies in flowers
of the variety Burbank arc variable depending also on the
geographic location of growing sites. At some locations,
sterile pistils are found at rates of 21-36%, whereas at others
they did not exceed even 9%.

Young plum trees produce more sterile pistils lhﬁan later.
Wargh (1897) considered the frequency of sterile pistils as
an indication of sanitary conditions of the tree in the
Burbank varicty. On healthy trees, the anomalies were aboul
2% whereas on ill trees up to 58%. Goff (1901) claimed that
nutritional-physiological moments are decisive. On poor
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Table 9 Cross-fertility of European plum varieties (Szabo, 1989, Siofok 19821985, Keeskemét 1985-1989,

Csiny 1985-1986)

d Besztereei | Blusfie Czlcfnm_ku Cacanska Cuczquk;{ Pragidetit Ruth Silvia Stanley Female Fruit set
najbolja rodna lepotica Gersliitter fertility by free
Q pollination %
Althann ringlé No of fl. 303(1) 460 564 752 242(1) 710 3031 1341
~ Fr. set % 15:5 15.7 12.6 5.9 7.4 24.0 13.9 18.4
Besztercei BL.2.* 74 69 90 233 468
40.3 47.6 38.0 42.0 7.6
Bluefre* 113 148 175 436 2183
1.3 29.8 17.4 19.5 17.7
Cacanska najbolja 1056 1818 1134 1716 2304 325 2329 10592 37973
12:3 225 18.6 2.3 16.9 7.6 42 14.9 8.2
Cacanska rodna* 214(1) 445 441 100 1241
47.2 47.6 49.0 47.9 66.0
Centenar 241(1) 85(1) 180(1) 506 1188
10.8 224 7.2 16.8 7.8
Pescarus*® 172¢1) 145(1) 37 535
9.6 1.0 9.3 5.8
President 703 1035 41¢1) 1044 849 241(1) 1524 5437 6123
16.7 25.6 14.6 19.0 320 7.0 18.4 19.0 26.6
Silvia 96(1) 246 145(1) 487 956
1.5 12.7 16.6 13.6 322
Stanley* 85 93 400 611 524 225(1) 1938 4098
10.2 154 42 16.3 215 1.6 13.2 jlo
Tuleu gras* 198(1) 201(1) 299 562
13.6 0.5 7.0 48.6
Tuleu timpuriu 441(1) 592(1) 493(1) 287(1) 418(1) 332¢1) 2567 718
0 13.5 0.2 8.7 0 0 3.7 3.1
Ability of 1957 4009 2318 2611 4027 4900 235 708 6272
fertilisation 12.6 18,9 14.5 17.3 18.4 22.8 7.6 8.7 17.8
Legends: x = flowers of self-fertile varieties have been emasculated before pollination
xx = male sterile varieties
(1) = the combination has been checked once, only
Table 10 Cross-fertility of Japanese plum varieties (Szabo, 1989, Siofok 1984-1985, Kecskemét 1985, Helvécia 1985-1986)
d | Burbank Duarte Elephant Friar Laroda | Late Santa| Methley Santa Shiro | Female Fruit set by
Heart Rosa fertility | free pollination
Q %o
Burbank No of fl. 322 245(1) 80(1) 97(1) 214 229 233 189 1609 2595
Fr. set % 2.8 20,0 21.3 18.6 21.0 4.7 12.5 0.5 127 12.4
Duarte 206(1) 126(1) TI(L) 232(1) 489(1) 1118 1895
53 1.43 0 T3 0 54 1.0
Elephant Heart 215 148 85(1) 175 173 163 959 1984
0 0.6 0 3.7 1.2 0 0.9 0.8
Friar 249(1) 94(1) 190(1) 137(1) 670 787
8.8 19.1 20.0 7.623.4 17.8 83
Laroda 83(n) 118(1) 115(1) 316 22
3.6 4.2 0 2.6 8.5
Late Santa Rosa 151(1) 252(1) 116(1) 8701) 606 1587
53 4.0 4.3 2.4 3.0 1:3
Methley 384 235 131 218 251 186 105 142 1652 3580
16.4 7.2 26.3 3.2 13.2 18.5 14.7 1.5 12.9 16.1
Santa Rosat 203 186 123(1) 246 To(l) 834 1025
3.0 3.0 1.6 0 26 2.0 2.9
Shiro 386 419 306 416 491 2018 2584
5l 7.6 8.7 0.6 8.7 6.1 4.1
Ability of
fertilisation 1877 1310 931 550 558 793 1476 1234 1053
i 4.2 14.2 10.2 13.8 127 4.4 8.9 0.9
Legend: (1)=the combination has been checked once, only

soil, the plum trees produced many sterile pistils after a
season of heavy yield.

Toth (1980) met such trees in varicty collections with
high flower densities yet rather unfruitful from year to year.
The cause of sterility is not the lack or scarcity of pollen but
the defective pistil. That was described in the variety

Alutscha 1115, At closer study of that variety, variation in the
length of pistils was stated. The underdeveloped pistils did
not set fruit. Their mean frequency over three years was 32%.

Surdnyi (1994) explored over more than 20 years the
flower anomalies of plums. He proved that occurrence of
characters related to sterility (lack of pistil, defective anthers,
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poor growth of pollen tubes) are inherent properties though
subject to seasonal effects as well as to virus infection.

Palara (1996) reported the same in Japanese plums
where defective flowers are found in more than 50% of cases
but the influence of the season is also important.
Observations of Szabd (1997) on Ozark Premier and Del
Rey Sun varieties.

The anthers and the male gametes may also display
symptoms of degeneration. Male sterility 1s also a cause of
reduced fruit set. It is known in plums since Crane (1925) at
the variety Golden Esperen. Then Johansson (1956) referred
to it in the common yellow plum. The variety Tuleu gras
transmitted the male sterility to the F, generation,
Anatomical studies prove that the defective anthers of the
male sterile flowers developed normally until cell division
finished. The tapetum layer of the pollen sack, however,
preserves its integrity much longer time than normal, and
does not allow the development of microspores and mature
pollen cells after the tetrads were dissolved. (Cocin &
Bimbac, 1968).

In Table 11, published information is summarised
referring to male sterile plums.

Table 11 The male sterile plum varieties

Albatros Dobrudja No. 205 | Yalomita Pusevka
Alutcha yellow | Eaming delicious | Kabul greengage | Rouge hatif
Besztercei szilva| Eurly Red Kishinyevska Sentyabrskaya
sterile types rannay
Blue Date Emurti Red Common Yellow | Stafner

plum Zwelschge
Common Yellow| Golden of Esperen| Large Red Superb
Chabot Excelsior Minerva Tuleu gras
Centenar Great Yellow Omurtaga Red Tuleu timpuriu
Dubb¢cle Howe Pescarus Vengerka
Boerewitte Jubilejnaja

2.7. Apomixis

Aldreman & Weir (1951) concluded on the base of their
experiments with plums that in variety hybrids the apomictic
phenomena are frequent.

2.8. Metaxenia

Metaxenia (which means the appearance of properties of
the polliniser on the fruit) was observed in plums too. The
elfect is expressed in the size of fruit and time of ripening
(Crane & Brown, 1942). Fruits of Tuleu gras grew larger if
Althann  ringlé  (Reine Claude) was the polliniser
(Constantinescu, 1939),

On the contrary, Kostina (1927) obtained fruits by self
pollination and free pollination and was not able to
distinguish them. Also Tdrh (1975) did not find difference
between fruits derived from selfing and from frce
pollination, i.e. measurements did not prove changes in si
in favour of the latter.

Ze

3. Association of varieties in plantations for the
planning of commercial orchards

The experimental pollinations are aimed to find the most
advantageous associations ol varieties for the plantations.
For the planning one has to make use of all information
concerning blooming phenology, fertility relations, the
minimal number (or ratio), distance and placement of
polliniser trees.

Varieties either self-incompatible or of genuinely low
fertility deserve special attention as being aware of the
chance of unfavourable weather conditions. First of all,
conditions of an optimal pollination must be secured. Then,
requirements in cultivation, training, pruning, vigour, elc.
will determine the planting density, plant protection
measures, conditions of time (coincidence) and techniques
of (mechanical) harvest, ete. In up to date plantations, the
varieties should represent nearly similar
commercial values (Soltész, 1980).

associated

3.1. The choice of pollinisers

In Table 12 there is a survey of European plum varietics
mainly grown in Hungary (and in Europe) together with
their recommended pollinisers compiled by Szabd (1989).
An adequate (at least 70%) coincidence of blooming and (at
least 10%) fertilising ability were the decisive criteria in the
selection of the pollinisers.

Experimental  cross-pollinations  prove that  most
European plum varieties are inter-lertile with each other. It is
highly probable that varieties belonging to the same
blooming time group are also god pollinisers for each other
as far as they produce pollen, abundantly. Before introducing
a variety to the list, cross-pollination tests are required.

Although the offered list of Table 12 contains popular
varieties and commercially promising ones as main varieties
as well as pollinisers, but it does not mean that there were no
more good pollinisers in the respective blooming time groups.
The multiple requirements, however, are not easy to satisly,
consequently, some but small weakness prevents the success
of nearly excellent varieties in commercial production.

The "Cacak" plum varicties (Cacanska lepotica,
Cacanska najbolja, Cacanska rodna) are medium early
blooming, Bluefre is intermediate whereas Stanley medium
laiz, together would cope by their fertilising ability with
most plum varicties. For carly blooming varieties President,
For lute blooming ones Besztercei szilva and Stanley is
advisable pollinisers.

The overlap in blooming of the early President,
intermediate  Bluefre, medium early Cacanska najbolja,
moreover, medium lale Stanley varieties rarely reaches the
critical level of 70%, all the same, [urnishing pollen
abundantly and the high level of fertility of President
deserves 1o consider those varicties associated ds an
excellent ensemble.

The fertility of Ruth Gerstitter being low (less than
109) in spite of abundant pollen supply, several pollinisers
would do better than one single,
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Among varieties to be pollinated there are also partially
self-fertile ones as Cacanska lepotica, Bluefre and Stanley,
the fruit set of which could be enhanced in some years by
means of moving bee hives either to promote self pollination
or o improve elficiency of poor pollen producers.

“In seasons of adverse weather during the blooming period,
cross pollination improved substantially fruit set of Felenberg
(Htalian blue), a self-fertile variety (Kellerhals, 1986/b.).

Toth (1980) claims that fruit set is enhanced in self-
fertile varieties too in mixed plantings of 2 or 3 varieties.

Also Szabd & Nydki (1989) observed in some years
relatively poor fruit set on sell-fertile varieties which may be
improved in mixed plantings.

Low levels of self-fertilisation are observed at some
growing sites in Japanese plums. The extent of that type of
self-fertility is, however, unstable and by all means less than
required. The varictics had better to be considered as self-

incompatible ones. Japanese plum varieties being widely
grown in laly are also recommended to be associated
according to recommendations in Table /3.

3.2. The volume and ratio of pollinisers

Cociu (1961), Kellerhals (1986/a) and Szabd (1989)
proved. convincingly, the superior fruit set caused by cross-
fertilisation even in self-fertile pulm varieties. Safe yields of
univarictal plantations are expected with highly self-fertile
variclies (Besztercei Bt. 2, Cacanska rodna), only.

Self-incompatible varieties should be associated to two
different polliniser varieties, at least, as suggested by Térh
(1967/b), Chiriae ¢t al. (1981), Bellini et al. (1982) and
Roman & Radulescu (1986).

Sufficiently safe fertilisation is conditioned by a
continuous supply of pollen from the start during all the time

Table 12 Polliniser varicties recommended for European plums (Szabd. 1989)

Varielies to be
pollinated

Pollinisers renown as of good
fertilising ability

Varietics of coincident blooming
period

Additional polliniser varieties recommended by
the literature

Self-incompatible
and male sterile varieties
Althann ringlé

Cacanska najbolja

Centenar

Debrecent muskotidly

Pescarus

President

Ruth Gerstiitter
Silvia

Tuleu gras
Partially self-fertile
varietics

Bluefre

Cacunska lepotica

Cacanska najbolja,
Cacanska rodna,
Bluefre, Cacanska lepotica,
Cacanska rodna

Bluefre, Cacanska lepotica,
Stanley

Bluefre, Cacanska lepotica.
Cacanska najbolja, Cacanska rodna

Cacanska lepotica, President

Besztercei szilva, President, Stanley

Cacanska lepotica
Dereceni muskotidly
Althann ringla,
Debreceni muskotily, Silvia

Althann ringlé, Besztercei szilva,

Cacanska najbolja, Cacanska rodna,

Derecent muskotily,
President, Silvia

Ageni, Althann ringld, Cacanska
lepotica, Cacanska najbolja.
Cacanska rodna, President, Silvia
Althann ringlé, Cacanska najbolja,
Cacanska rodna, President
Althann ringlo,
Debreceni muskotdly

Ageni, Bluefre, Cacanska najbolja,
Debreceni muskotdly, President,
Cacuanska najbolja, Cacanska rodna,
Debreceni muskotily

Besztercen szilva

Ageni, Cacanska najbolja.
Cacanska rodna

Althann ringlé, Cacanska najbolja,

Cacanska rodna, Debreceni muskotily,

President, Silvia

Ageni (1, 10, 13), Besztercei szilva (1),
Silvia (13), Stanley (8. 11, 13)
Ruth Gerstiitter (9), Stanley (9)

Ageni (13), Althann ringlé (12), Bluefre (13),
Silvia (7, 12, 13), Stanley (7, 12, 13)

Ageni (1), President (10)

Ageni (13), President (7, 13)

Althann ringlo (3, 11), Bluefre (3,4, [1),
Debreceni muskotdly (10),

Ruth Gerstiitter (2, 3, 8, 1), Stanley (2, 3, 4. 8)
Ageni (27). Althann ringlé (11), President
(2,3, 1L, 12), Silvia (7), Stanley (2, 3,7, I1)
Althann ringlo (13). Bluefre (7. 12, 13),
Stanley (7, 12, 13)

Ageni (3. 13). Althann ringlé (3. 13). Bluefre
(3). President (3. 12). Ruth Gerstiitter (3),
Silvia (13), Stanley (3,7, 13)

Preident (3, 4, 6), Ruth Gerstitter (3, 4, 6),
Stanley (3, 6)

Cacanska najbolja (9), Cacanska rodna (9)

Stanley Besztercei szilva, Bluefre Ageni Ageni (13), Bluefre (3, 6), President (4, 6),
Ruth Gerstitter (3, 7), Silvia (13)
References: 1. T6th (1967/b) 5. Keulemans (1980) 9. Ogasanovic (1985)

2. Paunovic (1971)
3. Bellini & Bini (1978)
4. Faccioli & Marangoni (1978)

6. Nicotra (1980)
7. Roman (1981)
8. Stosser (1984)

10, Téth & Erdds (1985)
1. Kellerhals (1986/b)
12. Romun & Radulescu (1986)

13. Cociu (1996)
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Table 13 Polliniser varictics recommended for the most known Japanese
plum varietics (Bellim et al., 1986)

Variety Polliniser varicty

Morettini 355, Ozark Premier

Shiro, Sorriso di Primavera, Sangue di Drago,
Santa Rosa, Obilnaya

Santa Rosa, Ambra®, July Sunta Rosa

Laroda, Morettini 355, Ozark Premier, Sorriso di
Primavera, Santa Rosa

Sorriso di Primavera | Shiro, Morettini 355, Santa Rosa

Obilnaya Morettini 333, Sorriso di Primavera, Shiro

Shiro Morettini 353, Sorriso di Primavera, Early Golden,
Angeleno, Sunta Rosa

Friar, Larodu, Morettini355, Sorriso di Primavera,
Santa Rosa

Black Diamond Sorisso di Primavera, Frontier,
Angeleno, Simka, Laroda, Black Gold

Calita Friar, Laroda, Morettini 353, Santa Rosa, Sorriso di
Primavera

Friar, Santa Rosa, Laroda, Black Star

Black Amber, Angeleno, Laroda, Black Diamond,
Ozark Premier, Black Star, Calita, Simka

Santa Rosa, Friar, Sorriso di Primaveria, Morettini
355, Laroda, Sangue di Drago, Early Golden
Midnight Sun, Del Rey Sun, July Sun, Yellow Sun,
Green Sun

Calita, Sorriso di Primavera, Ozark Premier,
Angeleno, Black Star, Laroda, Friar, Obilnaya,

Early Golden
Moreltini 355

Black Beauty
Burmosa

Frontier

Black Star

Black Amber
Black Gold

Qzark Premier
Golden Plum

Black Diamond

Simka

Green Sun Midnight Sun, Friar, Obilnaya, July Sun, Yellow
Sun

Laroda Ozark Premier, Calita, Friar, Sunta Rosa, Burmosa,
BlLick Gold, Sorriso di Primavera

TC Sun Howird Sun, Globe Sun, Zanzi Sun, Tracy Sun

Fortune Friar, Santi Rosa, Laroda

Friar Black Amber, Satsuma, Laroda, Calita, Morettini
355, Lareda, Santa Rosa, Ozark Premier, Queen
Rosa

Bella di Barbiano
Angeleno

Friar, Ozark Premier
Black Amber Gold, Black Star, Black Diamond,
Friar, Santa Rosa, Sorriso di Primavery, Ozark

Premier, Simka Obilnaya

of blooming. For that purpose, two polliniser varieties are

needed, at least. Regarding the 2 to 4-day yearly variation of

blooming time we have to cope with the fact that cool

weather may delay the burst of anthers to the second day of

blooming. One of the polliniser varictics should precede (by
2 days) the main varicty, the other should lag (by 2 days)
after in order to overlap the whole blooming time of it.

For sell-incompatible varieties, the association of at least
2 pollinisers is recommended which should be planted
alternatively in every 2™ or 3' row (T6th, 1967/b).

For sale fertilisation a mixture of planting inter-
compatible varictics are recommended by Bellini et al.
(1982) 2 to 3, by Chiriae et al. (1981) 3 to 4, at least. The
majority  of Romanian plum  varieties,
incompatible or male sterile, need the combination ol 2, 3 or

being  sell-

more varicties (Roman & Radulescu, 1980).

Male sterile varietics (¢.g. Centenar, Tulew gras) require
further two pollinisers to provide mutuatly sufficient pollen
for them. Inherently poor yielding varieties (e.g. California
Blue, Ruth Gerstitter) are 1o be associated with more
pollinisers, preferably.

As lor ratio of the variety to be pollinated and two polliniscrs,
Toth (1980) attempted the following suggestions:

Fertile varicties a1
[ntermeadately fertile vanelies 21zl
For varicties yielding poorly Ielsd

3.3. The spatial placement of varieties

Large blocs planted to single varieties [acilitate
cultivation, however, conditions of pollination may deserve
priority. For self-incompatible and partially sell-fertile
varieties  the planting  schemes ol Figwre 4 are
recommended. According (o our observations, the yield of
the inner rows within the 4-row blocks of self-incompatible
varieties may decline. It is preferable to reduce the width of
blocks assigned to a self-incompatible variety to two rows,
and 10 use 2 or more polliniser varieties. The planting of
single rows of the main variety is not recommended by
reasons of organisational inconveniences.

Blocks larger than two rows planted to self-incompatible
varieties are denounced by Tath (1980). In the third row
away from the polliniser the decline of yields was stated
(Torh, 1967/b) which is equivalent with a distance of 15 m
(Kewlemans, 1980). The maximum distance admitted from
he pollen source is set about 16 m (Soltész, 1979). In Figure
S, the yield of the variety Debreceni muskotdly 1s shown as
a function of distance to the polliniser according to the
means of three years.

On the variety Wydale 7% [ruit set was registered in the
neighbouring [* row o the polliniser but less than 1%, only,
in the 4" row as reported by Free (1962). The yield of
Debreceni muskotaly declined, significantly, away from the
polliniser variety Beszrercer szilva in the 2 row, moreover,
scarcely reached 40%, only, in the 6" row (Téath, 1967/b).
Belmans & Keulemans (1985) suggested to plant a polliniser
tree as each 5™ within the row.

In Japanese plums, pollinisers yielding relatively poor
quality of fruit (¢.g. Sorriso di Primavera), are combined at
a rate of 10% within the rows.

Griggs & Hesse (1963) suggest for Japanese plums that
each 4" tree in every 4" row should be a polliniser coincident
in blooming with the main variety. Bellini et al. (1982)
recommend cherry plums for that purposes, as Brandr et al.
(1978) assign Myrabolan B as polliniser 1o be combined into
blocks of one or two varicties of Japanese plum.

European plums known to be self-fertile (c.g. Bluefre,
Cacanska lepotica, Stanley) used to bear low flower
densities lollowing adversities caused by frost damage or as
a consequence ol heavy yield. The hope of an almost normal
yield, however, still could be maintained by a higher rate of
[ruit set due to cross-pollination. As a matter of fact, fruit set
has improved substantially by allogamy. Thus, in order to
exploit that relation, Szabe et al. (1989) suggest blocks to be
planted 1o single varieties of that type about 20 x 40 m as
optimal. B

It is reasonable to stick to the principle that planting of
larger univarietal blocks should be avoided, except of highly
self-fertile varieties as Besztercei Bt. 2 and Cacanska rodna.




Two polliniser varieties
Ratio of varieties: 80% (auto-incompatible): 10%:10%
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Figure 4 — Sketch of the planting of varieties
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Figure 5 Yield per tree of the self-incompatible variety, Debreceni
muskotdly. depending on the distance (number of rows) from the block of
polliniser Besziercel szilva variety. (Téth, 1967)
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