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Abstract

Szymajda M., Napiórkowska B., Korbin M., Żurawicz E. (2015): Studies on the interspecific crossing com-
patibility among three Prunus species and their hybrids. Hort. Sci. (Prague), 42: 70–82.

In 2011–2013, a study on the crossing compatibility and the setting of fruit in distant hybridization within the genus 
Prunus, among the species P. armeniaca L. (apricot), P. salicina Lindl. (Japanese plum), P. cerasifera Ehrh. (myrobalan 
plum) and the hybrids P. salicina × P. cerasifera was conducted at the Institute of Horticulture in Skierniewice, Poland. 
The percentage of fruit set depended on the direction of pollination of the crossed species. Most fruits were obtained 
by crossing P. salicina × P. armeniaca and P. salicina × P. cerasifera. The largest number of fruitlets in relation to the 
number of pollinated flowers was obtained when two genotypes of P. salicina – Czernuszka and D 17-73, were the 
maternal parents. The results show that the crossing compatibility and effectiveness in the cross-breeding of the stud-
ied species of Prunus are influenced to a greater extent by the genotype of the maternal form of P. salicina than by the 
genotype of the paternal form of P. armeniaca and P. cerasifera.
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Distant hybridization allows the transfer of genes 
between genetically distant species of plants. It is 
used especially when there are no sources of genes 
coding for desirable traits within a certain plant spe-
cies (Layne, Sherman 1986). Distant hybridization 
makes it possible to obtain hybrid genotypes char-
acterized by new traits such as increased resistance/
tolerance to biotic and abiotic stresses, reduced 
growth vigour, improved fruit quality (attractive-
ness, shelf-life, flavour), or higher levels of bioactive 
compounds in the fruit. Interspecific crossing usu-
ally results in a very small number of fruits in rela-
tion to the number of pollinated flowers (Yosida et 
al. 1975; Jun, Chung 2007). The reason for the low 
effectiveness of distant hybridization is the exist-
ence of numerous morphological, anatomical, and 

physiological and biochemical barriers (Zenkteler 
1990). These barriers prevent fertilization and the 
formation of embryo (pre-zygotic barriers) or im-
pair its growth (post-zygotic barriers) (Perez, More 
1985; Rubio-Cabates, Socias 1996; Liu et al. 
2007). A way to increase the effectiveness of distant 
hybridization is to introduce into the cross-breeding 
programme species that are genetically closely relat-
ed, that is, belonging to the same genus, or even sub-
genus (Layne, Sherman 1986), and with the same 
ploidy level and the same number of chromosomes 
(Okie, Weinberger 1996).

Distant hybridization is also used in the breeding 
of fruit plants, including the breeding of fruit trees 
of the genus Prunus, and in particular of the subge-
nus Prunophora (plums) (Layne, Sherman 1986; 
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Duval et al. 1994; Hakoda et al. 1998). However, 
obtaining interspecific hybrids within the genus 
Prunus is difficult (Perez, More 1985). The litera-
ture on deriving interspecific hybrids in the genus 
Prunus is not very extensive, but there are reports 
on hybrids of the Japanese plum × apricot, which 
have been named plumcots (Okie 2005). As a result 
of backcrossing plumcots and the Japanese plum, 
hybrids have been obtained and given the name 
pluots. Examples of such hybrids include the cvs 
Flavor Fall and Flavorich, derived and cultivated in 
the warm climate of California (Top et al. 2012).

The lack of apricot and Japanese plum varieties 
well adapted for growing in the conditions of colder 
parts of the temperate zone is one of the most im-
portant problems in the cultivation of these species 
in the countries of central and northern Europe, in-
cluding Poland. Trees of these species do not have 
sufficient resistance to low sub-zero temperatures 
during winter, and consequently their flower buds 
often freeze (Szabó, Nyeki 1994; Szabó 2003; 
Yao 2011; Szymajda et al. 2013). Distant hybridi-
zation can enable the transfer of the genes coding 
for higher winter hardiness, e.g. from the species  
P. spinossa or P. cerasifera to the species P. armeni-
aca and P. salicina (Layne, Sherman 1986; Duval 
et al. 1994; Neumüller 2011).

The aim of this study is a preliminary assessment 
of the possibility and effectiveness of distant hy-
bridization of selected genotypes within the genus 
Prunus, belonging to the species P. armeniaca L.,  
P. salicina Lindl. and P. cerasifera Ehrh.

MATERIAL AND METHODS

Study location and plant material. The study 
was conducted in 2011–2013 in the Fruit Breed-
ing Department of the Research Institute of Hor-
ticulture in Skierniewice, Poland. Interspecific 
pollination was performed on trees growing in a 
field in the Experimental Orchard of the Institute 
in Dąbrowice (central Poland). The cross-breeding 
programme included 13 genotypes of P. armeniaca 
– Early Orange, Harcot, Somo, Sirena, Kijewskij 
Krasen, Poleskij Krupnopłodnyj, Pietropawłowskij, 
Czerniewyj, M I-7, M I-33, M I-69, M II-19, M II-
42; 11 genotypes of P. salicina – Santa Rosa, Trum-
lar, Czuk, Czernuszka, D17-73, OSL 57, OSL 58, 
OSL 59, OSL 60, OSL 65, OSL 69; three genotypes 
of P. cerasifera – Anna, Agata, Amelia and two hy-

brids of P. salicina × P. cerasifera – Kometa and Na-
jdiena.

Assessment of pollen viability. Before perform-
ing pollination, the viability of the pollen of the pa-
ternal forms selected for pollination was assessed. 
The analyses were conducted for 17 paternal geno-
types, i.e. P. armeniaca – 12 genotypes, P. cerasifera 
– three genotypes, P. salicina × P. cerasifera – two 
genotypes (Table 1). The source of pollen were an-
thers from heavily swollen flower buds (just before 
they opened), which were dried on paper trays at 
room temperature for several hours. Pollen viabil-
ity was assessed by two methods:
(1) assessing the staining of pollen grains with 2% 

aceto-orcein (Małuszyńska, Olszewska 1999). 
Pollen grains were considered viable if the red-
stained cytoplasm represented at least 75% of the 
volume of the grain (Chrząstek et al. 2009),

(2) assessing the growth of pollen tubes on artificial 
growth media. In this method, two culture me-
dia were used:
– sucrose (10%), H3BO3 (100 mg/l), Ca(NO3)· 

4H2O (300 mg/l), MgSO4·7H2O (200 mg/l), 
KNO3 (100 mg/l), Bactoagar (0.8%) (Brew-
baker, Kwack 1964),

– sucrose (15%), H3BO3 (5 mg/l) and Bactoagar 
(1%) (Sharafi 2011a). Pollen tube growth 
was assessed after pollen grains had been in-
cubated for 20 h in the dark, at a temperature 
of 24°C. Grains were considered viable if the 
length of the pollen tube growing out of them 
was at least twice the diameter of the grain. 
Burst grains were regarded as non-viable 
(Khan, Perveen 2008).

In either method, pollen viability of each geno-
type was assessed with at least 100 pollen grains 
taken randomly from a larger sample.

Pollination programme. Emasculation of flowers 
was performed during the closed white bud stage, 
using a scalpel. Open and poorly developed flower 
buds were removed. Immediately after emasculation 
and again the following day, pollen of known viabil-
ity was deposited on the stigmata of the flowers with 
a brush. After the pollination, the branches with 
pollinated flowers were isolated to prevent uncon-
trolled cross-pollination by insects. The programme 
of pollination between the selected parental forms 
of the studied species was conducted according to 
the following design: P. armeniaca × P. cerasifera,  
P. armeniaca × (P. salicina × P. cerasifera), P. salicina ×  
P. armeniaca, P. salicina × P. cerasifera, (P. salicina 
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× P. cerasifera) × P. armeniaca, (P. salicina × P. cera- 
sifera) × P. cerasifera, P.  cerasifera × P. armeniaca,  
P. cerasifera × (P. salicina × P. cerasifera). In a few 
crossing combinations, pollination was carried out 
with a mixture of pollen from different genotypes of P. 
armeniaca, P. cerasifera, and P. salicina × P. cerasifera. 
In that way, by performing one pollination combina-
tion, the compatibility of one maternal genotype with 
several paternal genotypes could be assessed. Polli-
nation with pollen mixtures was carried out accord-
ing to the following design: P. salicina × A, B and C,  
P. salicina × D, P. cerasifera × A and E, (P. salicina ×  
P. cerasifera) × D, where A is a mixture of pollen from 
four genotypes of P. armeniaca (Early Orange, Har-
cot, Somo, Sirena); B – a mixture of pollen from four 

genotypes of P. armeniaca (Kijewskij Krasen, Poleskij 
Krupnopłodnyj, Pietropawłowskij, Czerniewyj); 
C – a mixture of pollen from four genotypes of 
P. armeniaca (M I-7, M I-33, M II-19, M II-42);  
D – a mixture of pollen from three genotypes of  
P. cerasifera (Anna, Agata, Amelia); E – a mixture of 
pollen from two interspecific hybrids of P. salicina × 
P. cerasifera (Kometa and Najdiena). The genotypes 
that had set fruit after pollination with a mixture of 
pollen were pollinated the following year with the 
pollen of each paternal form separately.

Weather history. For the first 12 days of the pol-
lination programme each year, the daily average, 
min. and max. air temperatures were recorded at 
a height of approx. 1.8 m above the ground (Fig. 1).

Table 1. Pollen viability of different genotypes of P. armeniaca, P. cerasifera, and P. salicina × P. cerasifera, depending 
on the assessment method (Skierniewice, 2011–2013)

Genotype

Assessment method

staining with  
aceto-orcein (%)

pollen tube growth
Brewbaker and Kwack  

culture medium (%)
Sharafi culture  

medium (%)
2011 2012 2013 2011 2012 2013 2011 2012 2013

P. armeniaca

Early Orange   67.0 100.0   96.0 74.0 48.0 60.0 – 49.0 52.0

Harkot – 100.0 100.0 90.0 52.0 72.0 – 47.0 66.0

Somo 100.0   97.0   99.0   8.0 80.0 88.0 – 73.0 88.0

Sirena 100.0 100.0   98.0 60.0 12.0 68.0 – 24.0 74.0

Kijewskij Krasen –   98.0 100.0 – 17.0 77.0 – – 71.0

Poleskij Krupnopłodnyj – 100.0 100.0 – 58.0 30.0 – 57.0 40.0

Pietropawłowskij – 100.0   96.0 – 22.0 28.0 – 22.0 24.0

Czerniewyj –   92.6   99.0 – 20.0 71.0 – 23.0 73.0

M I 7 – 100.0 100.0 – 26.0 79.0 – 33.0 77.0

M I 33 – 100.0 – – 73.0 – – 74.0 –

M II 19 – 100.0 100.0 – 73.0 60.0 – 77.0 36.0

M II 42 – 100.0 100.0 – 64.0 26.0 – 62.0 37.0

P. cerasifera

Anna 100.0   98.0 –   9.0 – –   5.0

Agata   75.0   97.0 –   1.0 – 18.0   3.0

Amelia 100.0 100.0 16.0 13.0 – 31.0 16.0

P. salicina × P. cerasifera

Kometa   64.0   88.0 –   1.0 0 – – 0 –

Najdiena   65.0 100.0 –   2.0 0 – – 0 –
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RESULTS AND DISCUSSION

Pollen viability

The viability of pollen grains of paternal forms 
varied depending on the assessment method and 
the genotype being assessed (Table 1). The results 
of the analysis of pollen tube growth on the Brew-
backer and Kwack medium (Fig. 2a) indicate lower 
pollen viability than the results of the staining of 
pollen grains with aceto-orcein (Fig. 2b). However, 
the introduction of the Sharafi (2011a) medium 
into the analysis in 2012 confirmed that the al-
legedly lower pollen viability, manifesting itself, 
for example, in the germination of only 8% of the 
grains of the genotype P. armeniaca Somo (2011 
season) compared with 100% viability demonstrat-

ed by staining with aceto-orcein, was not caused by 
an improperly formulated composition of the me-
dium. The results of the pollen germination tests, 
carried out on the two growth media of different 
compositions, showed a similar percentage range of 
germinating grains. On the other hand, it is known 
that aceto-orcein has the ability to stain the cyto-
plasm of both mature and immature pollen (Dafni, 
Firmage 2000). This may lead to an overestimation 
of the results of pollen viability assessment by this 
method relative to other methods.

Different numbers of germinating pollen grains 
depending on the medium used were recorded only 
in the 2012 season for the genotypes P. armeniaca Si-
rena and P. cerasifera Amelia, and in the 2013 season 
for the genotypes P. armeniaca M II-19 and P. cera-
sifera Anna and Agata. Differences in the number 

Fig. 1. Daily temperatures (°C) during hand pollination recorded at 1.8 meters above the ground level (pollination pro-
gramme implementation dates: April 16–20, 2011; April 18–22, 2012; April 29–May 4, 2013)
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Fig. 2. Pollen grains of P. armeniaca Somo: (a) with pollen tubes growing out on the Brewbaker and Kwack medium 
(Brewbaker, Kwack 1964), (b) stained with aceto-orcein
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of germinating pollen grains, depending on the spe-
cies/variety, were also observed both in the tests car-
ried out in a given year and when comparing the re-
sults from successive years. These findings confirm 
the observations by Sharafi (2011a,b) who, when 
assessing pollen viability within the genus Prunus, 
revealed variation not only between the species but 
also between the varieties within a species.

Assessment of fruit set

In the distant crossing combinations, the larg-
est number of fruits was obtained when P. salicina 
served as the maternal parent (Table 2). On average 
for the three years of the study, the number of fruit-
lets in relation to the number of pollinated flowers 
in the crossing combinations P. salicina × P. armeni-
aca was 7.2%, and in the combinations P. salicina ×  
P. cerasifera – 3.5%. When P. armeniaca or P. cera-
si-fera served as the maternal parent, the percent-
age of fruit set was much lower. After two years of 
cross-fertilizations in the direction P.  armeniaca × 
(P. salicina × P. cerasifera), the number of fruitlets 
in relation to the number of pollinated flowers was 
only 0.3%, while the crossings P. cerasifera × (P. sa-
licina × P. cerasifera) produced no fruit. More fruits 
in the crossing P. salicina × P. armeniaca than in the 
reciprocal crossing were also obtained by Yosida et 
al. (1975) and Jun and Chung (2007). This confirms 
the greater usefulness of P. salicina compared with 
P. armeniaca as a maternal parent in programmes of 
distant hybridization of these species. 

The reason for the better setting of fruit in the 
combinations of P. salicina × P. armeniaca com-
pared with those of P. armeniaca × (P. salicina × 
P. cerasifera) could have been the ability of pollen 
tubes of P. armeniaca to grow faster than the tubes 
of P. salicina and P. cerasifera (Perez, Moore 1985). 
Moreover, the flowers of P. salicina have a shorter 
pistil than those of P. armeniaca, and therefore the 
pollen tube of P. armeniaca has a shorter path to 
travel to the ovary than the pollen tube of P. salicina 
when crossing these species (Perez, Moore 1985; 
Jun, Chung 2007). These factors, under the low 
temperature conditions during pollination, could 
have had a significant impact on the setting of fruit.

The poor setting of fruit in the crossing combina-
tions of P. armeniaca × (P. salicina × P. cerasifera) 
and P. cerasifera × (P. salicina × P. cerasifera) could 
have also been caused by the low germination capac-

ity of the pollen grains of the genotypes Kometa and 
Najdiena, being the hybrids of P. salicina × P. cerasi-
fera (Table 1). In addition, the temperature at which 
pollen tubes germinated under field conditions was 
lower (Fig. 1) than during the laboratory assessment, 
which could have been an additional factor inhibit-
ing pollen germination and pollen tube growth. Be-
cause the effective pollination period (EPP) in stone 
fruit trees is 2 to 5 days (Bubán 1996), and pollen 
tube growth is very slow at temperatures below 10°C 
(Layne 1983; Bubán 2003; Hedhly et al. 2005), the 
pollen tubes might not have been able to reach the 
embryo sacs before their degeneration (Cheung 
1996; Sharafi, Bahmani 2011). Hence, low tem-
peratures during pollination could have been the 
reason for poor setting of fruit.

In the crossing of the genotypes of P. armeniaca × 
P. cerasifera, no fruits were obtained. In the reverse 
crossing combination (P. cerasifera × P. armeniaca), 
the number of fruitlets in relation to the number of 
pollinated flowers was very small – 0.2%. Arbeola 
et al. (2006) obtained much more fruitlets in the 
crossing of these species. Depending on the year 
and the genotypes being crossed, the percentage of 
fruit set in their trials ranged from 0.9% to 18.7%. 
The small number of fruits obtained in our study 
could have resulted from the genetic incompatibil-
ity between the genotypes of P. cerasifera and P. ar-
meniaca. It is possible that by using other geno-
types the setting of fruit would be better.

Incompatibility was also observed in the cross-
ing combinations of P. salicina × P. armeniaca and 
(P. salicina × P. cerasifera) × P. armeniaca. In 2011, 
after pollinating the hybrids Najdiena (P. salicina × 
P. cerasifera) and P. salicina OSL 57 with the pol-
len of the genotypes of P. armeniaca (Early Orange, 
Harcot, Somo, and Sirena), and P. salicina (OSL 59 
and OSL 60) with the pollen of the genotypes of 
P. armeniaca (Early Orange and Harcot), no fruits 
were obtained. However, when two new maternal 
genotypes of P. salicina (Czernuszka and D 17-73) 
were introduced into the pollination programme, 
they proved to be compatible with the four geno-
types of P. armeniaca (Early Orange, Harcot, Somo, 
and Sirena) and set fruit after being pollinated with 
the pollen of these genotypes (Table 3). These re-
sults confirm that the effectiveness of distant hy-
bridization depends on the compatibility of the 
genotypes being crossed. The two genotypes of 
P. salicina (Czernuszka and D 17-73) also set fruit 
after being pollinated with a mixture of pollen from 
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the three genotypes of P. cerasifera (Anna, Agata, 
Amelia). By contrast, the genotypes Najdiena  
(P. salicina × P. cerasifera) and P. salicina OSL 60 
set no fruit after being pollinated with either the 
pollen of P. armeniaca or P. cerasifera. This indi-
cates that the influence of the genotype of maternal 
from of P. salicina on the compatibility and effec-
tiveness of distant hybridization of these species is 
greater than the influence of the paternal form of  
P. armeniaca and P. cerasifera.

Fruit and seed development

In many crossing combinations, a large number 
of fruitlets were shed in the first 2–3 weeks after 
pollination. The growth of the fruitlets remaining 
on the trees varied. Those whose growth was very 
slow usually changed colour from green to yellow-
green and were shed between the 4th and 6th week 
after pollination. The fruitlets that fell off during 
this period contained browned ovules with no vis-
ible embryos, surrounded by a soft endocarp. From 
the 7th week after pollination, only in some cross-
ing combinations there were fruitlets still remain-
ing on the trees. Some of the fruitlets changed col-
our from green to yellow-green, ceased to increase 
in size, and also fell to the ground, but the shed-
ding was not as intense as in the previous weeks. 
The fruitlets that were shed between the 7th and  
10th week after pollination contained browned 
ovules with small degenerated embryos (Fig. 3), 
which indicated that they were unviable. From the 
7–8th week after pollination, the process of endo-
carp hardening began in the fruitlets.
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Fig. 3. A browned ovule with undeveloped embryo of P. sali- 
cina D 17-73 in the 9th week after pollination
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Fig. 4. Stones with seeds extracted from ripe fruits: (a) properly developed seeds of P. armeniaca Early Orange and (b) 
malformed seeds of P. salicina D 17-73

The mature fruits were found to contain properly 
developed seeds (Fig. 4a) as well as seeds that had 
a wrinkled seed coat and more or less malformed 
embryos (Fig. 4b). The proportion of fruits with 
underdeveloped seeds varied and depended on the 
genotype of the parental forms being crossed. The 
genotypes P. salicina D 17-73 and P. salicina Santa 
Rosa produced more underdeveloped seeds than 
P. salicina Czernuszka (Table 3). Embryo mortal-
ity and abnormal seed formation indicate the exist-
ence of post-zygotic barriers to crossability, which 
had been observed previously also by other au-
thors (Rubio-Cabates et al. 1996; Liu et al. 2007). 
Overcoming post-zygotic barriers and saving at 
least some hybrid embryos is possible through the 
use of the embryo-rescue technique (Golis et al. 
2002; Kukharchyk, Kastrickaya 2006; Liu et 
al. 2007). It enables the development and growth of 
immature embryos in vitro, which makes it a very 
useful tool in the distant hybridization of plants of 
the genus Prunus (Arbeola et al. 2003).

CONCLUSION

The effectiveness of distant hybridization between 
the different genotypes of P. armeniaca, P. salicina, 
and P. cerasifera is generally low, even though these 
species belong to the same genus and are diploids 
with the same basic chromosome number 2n = 2x =  
16. This effectiveness depends on the direction of 
the crossing. In the distant hybridization of these 
species, P. salicina is more useful as a maternal par-
ent than P. armeniaca or P. cerasifera. The highest 
effectiveness of distant hybridization was obtained 
when the genotypes P. salicina Czernuszka and  
P. salicina D 17-73 served as the maternal parent. 
Using these genotypes, despite the existence of 
crossability barriers, it is possible to transfer genes 

between the species P. armeniaca, P. salicina, and 
P. cerasifera. It allows to increase genetic variation 
by introduction of this genotypes to the interspe-
cific crossing programs and to obtain new hybrids 
combining the desired traits of these species in a 
conventional manner.
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