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ABStRACt. the presented study concerns the evaluation of self-incompatibility (SI) in five cultivars of 
Pyrus communis (‘Packhams triumph�, ‘Bera Hardy�, ‘Lukasówka�, ‘Konferencja� and ‘General Leclerc�) and 
five ecotypes of Pyrus pyraster growing in an area close to the city of Poznań and cross-compatibility (CC), 
both in intra- and interspecific crosses. the SI and CC level was evaluated based on the observations of 
pollen tubes and the estimation of the so-called pollen germination index (PGI). According to this it was 
assumed that SI genotypes were those which PGI index was lower than 2. In these cases where PGI was 
equal or higher than 2 it was concluded that there was SC (self-compatibility) or CC. the pollination was 
carried out on cut branches under laboratory conditions. Pollinated pistils were collected 24 and 48 h af-
ter pollination and PGI was estimated based on the observation of pistils fixed 48 h after pollination. the 
obtained data showed that three cultivars of P. communis and five P. pyraster ecotypes in most cases were 
stable SI forms. Only in the case of one ecotype a modifying effect of environment on self-incompatibility 
was noticed. In the interspecific cultivar and ecotype crosses CI (cross-incompatibility) was observed more 
often than CC. In several cross combinations unilateral cross incompatibility (UCI) was found.
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INTRODUCTION

Gymnosperms developed numerous mechanisms of 
morpho-anatomical and genetic nature, which prevent 
self- or cross-fertilization. Some of them, genetically de-
termined, such as self-incompatibility (SI) and male ste-
rility (MS), are considered most advantageous from the 
point of view of both the effectiveness of this mechanism 
and its practical importance in the economic activity. 
the self-incompatibility system according to phylogenet-
ic estimates dates back to approx. 70 million years ago to 
the common ancestor of Angiospermeae. At that time the 
S-RNAse gene started to function in the so-called proto- 
-S locus and the expression of this gene contributed to 
the generation of the oldest SI mechanism. According to 
the present state of knowledge this mechanism is found 
in over 250 000 angiospermous species. Depending on 
the manner of determination of pollen S phenotype, self- 
-incompatibility is defined as gametophytic self-incom-
patibility (GSI) or sporophytic self-incompatibility (SSI) 
(Bednarska and Lenartowska 200��).

the essence of the self-incompatibility system (also 
referred to as self-sterility) consists in the pistil recogniz-
ing pollen with which it was pollinated. If pollen comes 
from a genetically different organism the formation of 
the pollen tube and the transmission of the male genetic 

material to the embryo sac are possible. In contrast, if 
pollen carries identical genetic information as the one in 
the pistil, the development of the pollen tube is inhibited 
(Sassa et al. 1996, xue et al. 1996, Bednarska and 
Lenartowska 200��). In case of gametophytic incom-
patibility, found e.g. in Solanaceae, Scrophulariaceae and 
Rosaceae, the interaction between pollen and the pistil 
is genetically controlled by the haploid genotype of pol-
len grain and the diploid genotype of the pistil tissue 
(haplo-diplo incompatibility). However, there are cases 
when a certain fragment of the mechanism controlling 
the interaction between pollen and the pistil is activated 
only in the embryo sac, which indicates haplo-haplo self- 
-incompatibility. Germination of pollen grain and pollen 
tube growth in case of self-incompatibility is controlled 
by a multiallelic S gene locus. In case of gametophytic 
self-incompatibility locus S contains an allele encod-
ing RNase, which indicated the expression in the style 
immediately before pollen formation. the action of the 
S-RNase allotype results in the recognition and fertili-
zation by incompatible pollen grain (McClure et al. 
1989, zhang and Hiratsuka 2005). Most fruit tree spe-
cies, including pear (Pyrus), exhibit gametophytic self- 
-incompatibility. thus in fruit growing practice it may 
prove very useful to recognize in detail the problem of 
incompatibility and thus, when establishing an orchard, 
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it is necessary to include at least two cross compatible 
cultivars in order to ensure efficient pollination and as 
a consequence – good yields ( consequence – good yields (consequence – good yields (zucchereli et al. 2002). 

In the opinion of Hiratsuka et al. (2004), the ex-
pression of self-incompatibility in many plants varies and 
depends not only on the physiological condition and de-
velopment stage of the flower, but also on environmental 
factors. thus, the aim of the presented study was to de-
termine the phenomenon of self-incompatibility as well 
as compatibility and cross incompatibility in five selected 
P. communis cultivars and five P. pyraster ecotypes.

MAteRIAL AND MetHODS

Material used in the study on self-incompatibility, 
compatibility and cross incompatibility consisted of 
five cultivars of cultivated pear P. communis (‘Packhams 
triumph�, ‘Bera Hardy�, ‘Lukasówka�, ‘Konferencja� and 
‘General Leclerc�) as well as five ecotypes of P. pyraster 
(all wild ecotypes came from five different locations in 
the area of the city of Poznań, denoted as 1, 2, ��, 4 and 
5). the applied pollination combinations are presented 
in table 1. Pollen of individual pollinators was placed on 
stigmas of flowers emasculated at bud stage. Pollination 
was performed under laboratory conditions on shoots 
collected on field trips and placed in clean water. Polli-
nated pistils were collected 24 and 48 h after pollination 
and next they were fixed and stained with aniline blue 
(Martin 1959, Antkowiak and Wojciechowski 2006). 
Germination of pollen grain and the growth of pollen 
tubes were observed using a fluorescence microscope.

Self-incompatibility, compatibility or cross-incompat-
ibility were assessed on the basis of pollen germination 
index (PGI) (Matsuzawa 198��) calculated according to 
the following formula: PGI �� (b + 2c + ��d + 4e)/(a + b + 
c + d + e), where: a – the number of pistils with pollen 
grain, b – the number of pistils with non-germinating 
pollen grain, c – the number of pistils with germinating 
pollen grain on the stigma, d – the number of pistils 
with pollen tubes penetrating the style, e – the number 
of pistils in which pollen tubes are found in the embryo 
or penetrate the embryo sac. In the case when PGI esti-
mated 48 h after pollination was equal or higher than 
2, it was assumed that there was compatibility. In each 
combination a total of 10 pistils were analysed, with each 
pistil being treated as a replication.

RESULTS AND DISCUSSION

Observations of germination of pollen grain on the 
stigma and pollen tube growth in different types of 
pistils in five P. communis cultivars and five P. pyraster 
ecotypes showed that in some genotypes these processes 
varied depending on the year of observations (table 1).

Observations conducted in 2005 concerning self-in-
compatibility (SI) and cross compatibility or cross in-
compatibility (CC and CI, respectively) in five P. commu�
nis cultivars (‘Packham triumph�, ‘Konferencja�, ‘General 
Leclerc�, ‘Bera Hardy� and ‘Lukasówka�) as well as five P. 
pyraster ecotypes (ecotypes 1, 2, ��, 4 and 5) (Antkowiak 
and Wojciechowski 2006) showed that three out of five 

analysed P. communis cultivars, i.e. ‘Packham triumph�, 
‘Konferencja� and ‘General Leclerc� were self-incompat-
ible (PGI 0.4-0.8), while the other two, i.e. ‘Bera Hardy� 
and ‘Lukasówka�, were self-compatible (PGI �� 2.1) (table 
1). Self-pollinations of cv. ‘Packhams triumph� and ‘Kon-
ferencja�, repeated in the following year (2006) as con-
trols, confirmed their self-incompatibility (PGI in both 
years �� 0.6 – table 1), which would indicate that genes 
of self-incompatibility (S) found in those cultivars are 
stable and probably belong to the group of the so-called 
strong genes, which e.g. in plants from family Brassi�
caceae guarantee that the self-incompatibility character 
is not modified under varying environmental conditions, 
especially at higher temperatures (thompson 1972).

Intercultivar crossing within P. communis performed 
between cv. ‘Packhams triumph� (the maternal form) 
and cv. ‘Lukasówka�, ‘Konferencja� and ‘General Leclerck� 
used as pollinators showed that cv. ‘Packhams triumph� 
is cross-incompatible (CI) with cultivars used in polli-
nation. Different results were recorded when cv. ‘Bera 
Hardy� was pollinated with pollen of cv. ‘Lukasówka� 
and ‘Konferencja�, where cross compatibility (CC) was 
observed. It needs to be stressed that cross compatibility 
was not found between cv. ‘Bera Hardy� and ‘Konferencja� 
in reciprocal crossing, i.e. when ‘Konferencja� was used as 
the maternal form (PGI �� 0.6). this indicates the occur-
rence of the so-called unilateral incompatibility between 
those cultivars. A similar phenomenon of unilateral in-
compatibility was already observed in several species, 
such as those from genera Capsicum (Lipper et al. 1966), 
Cuphea (Wojciechowski et al. 1996), Lilium (Ascher 
and Peloquin 1968), lycopersicum (de Nettancourt 
et al. 1974) and Solanum (Abdalla and Hermsen 1972). 
Despite the fact that the problem of the occurrence and 
functioning of unilateral incompatibility was investigat-
ed by numerous authors the actual background for this 
phenomenon has not been thoroughly clarified. It is of 
a special importance since – as it is shown by the results 
recorded in the presented study-cross incompatibility 
may occur not only in interspecific crossings of self-com-
patible (SC) forms with self-incompatible (SI) ones, but 
also within intraspecific crossings of two cultivars, of 
which one is SI (‘Konferencja� in this study), while the 
other is SC (here ‘Bera Hardy�).

ecotypes of P. pyraster in the first year of observa-
tions turned out to be self-incompatible (SI). In the fol-
lowing year of observations SI was confirmed in two of 
five ecotypes analysed in the previous year, i.e. ecotypes 
1 and 4 (table 1). In case of ecotype 2 it turned out that 
in the second year of observations exhibited symptoms 
of SC, while in the first year it was SI. Different results 
from observations of this ecotype in the two successive 
years are most probably caused by the determination of 
the SI character by a less stable allele S in comparison to 
that determining the occurrence of this character in the 
other two above mentioned ecotypes.

Crossing of different P. pyraster ecotypes with one 
another showed that out of the five performed cross-
ing combinations only in two, i.e. ecotype 1 × ecotype 5 
and ecotype 2 × ecotype 4, cross compatibility (CC) was 
reported in the second year of the study. In the other 
three combinations cross incompatibility (CI) was found 
(table 1). 
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In interspecif ic crossings of P. communis and 
P. pyraster pyrasterpyraster the rate of CC or CI varied, depending on the 
direction of crossings of five cultivars of the former spe-
cies with five ecotypes of the latter one. It needs to be 
emphasized that in case of these crossing combinations 
in which the maternal forms were P. communis cultivars, 
the rate of CC with ecotypes of P. pyraster varied depend-
ing on the cultivar. For example, cv. ‘Packhams triumph� 
exhibited CC only with ecotype 2 and CI with the four 

other ecotypes, whereas cv. ‘Bera Hardy� exhibited CC 
with three ecotypes (2, 4 and 5) and CI with two eco-
types (1 and 2). In case of interspecific crossings the phe-
nomenon of unilateral cross incompatibility (UCI) was 
even more evident. It was especially marked in crossing 
of cv. ‘Packhams triumph� with ecotypes 1 and 2 and cv. 
‘Bera Hardy� with ecotypes 1 and 2, where – depending 
on the direction of crossing – either cross compatibility 
or incompatibility were observed (table 1). It needs to 

table 1. Pollen germination index (PGI) of pollen tubes after self- and cross-pollination of two Pyrus species from two 
years of observations (2005 and 2006)

Combination of pollination PGI after  
48 hours Combination of pollination PGI after  

48 hours

P. communis self-pollination P. communis × P. pyraster

‘Packhams triumph� 0.6*; 0.6 ‘Packhams triumph� × ecotype 1 1.2*

‘Bera Hardy� 2.1* ‘Packhams triumph� × ecotype 2 2.6*; 2.1

‘Lukasówka� 2.1* ‘Packhams triumph� × ecotype �� 1.7*

‘Konferencja� 1.8*0.6 ‘Packhams triumph� × ecotype 4 1.2*

‘General Leclerc� 0.4* ‘Packhams triumph� × ecotype 5 0.8*

P. communis cross-pollination ‘Bera Hardy� × ecotype 1 0.8

‘Packhams triumph� × ‘Bera Hardy� 0.6 ‘Bera Hardy� × ecotype 2 2.4*, 1.2

‘Packhams triumph� × ‘Lukasówka� 1.0* ‘Bera Hardy� × ecotype �� 1.8*

‘Packhams triumph� × ‘General Leclerc� 1.2* ‘Bera Hardy� × ecotype 4 2.5*

‘Bera Hardy� × ecotype 5 2.4*; 1.2

‘Bera Hardy� × ‘Lukasówka� 2.0

‘Bera Hardy� × ‘Konferencja� 2.0 ‘Lukasówka� × ecotype 2 0.6

‘Lukasówka� × ecotype 5 1.2

‘Lukasówka� × ‘Konferencja� 2.0

‘Konferencja� × ecotype 2 0.6

‘Konferencja� × ‘Bera Hardy� 0.6 ‘Konferencja� × ecotype 4 2.6

‘Konferencja� × ‘Lukasówka� 0.6

‘Konferencja� × ‘General Leclerc� 1.2 ‘General Leclerc� × ecotype 2 2,4

‘General Leclerc� × ecotype 5 0,6

P. pyraster self-pollination P. pyraster × P. communis

ecotype 1 0.6*, 1.2 ecotype 1 × ‘Packhams triumph� 2.8*; 2.6

ecotype 2 0.6*, 2.1 ecotype 1 × ‘Bera Hardy� 1.7*; 2.1

ecotype �� 0.6* ecotype 1 × ‘Lukasówka� 1.8*; 1.8

ecotype 4 0.6*, 1.8 ecotype 1 × ‘Konferencja� 1.4*; 2.1

ecotype 5 0.6* ecotype 1 × ‘General Leclerc� 2.6*; 2.1

P. pyraster cross-pollination ecotype 2 × ‘Packhams triumph� 1.2*; 0.6

ecotype 1 × ecotype �� 1.0* ecotype 2 × ‘Bera Hardy� 1.2*; 1.8

ecotype 1 × ecotype 5 0.8*, 2.6 ecotype 2 × ‘Lukasówka� 0.8*; 1.8

 ecotype 2 × ‘Konferencja� 1.2*; 1,8 

ecotype 2 × ecotype 4 2.1 ecotype 2 × ‘General Leclerc� 2.4*; 1.2

ecotype 4 × ecotype 2 0.6 ecotype 4 × ‘Packhams triumph� 1.2

ecotype 4 × ‘Lukasówka� 2.4

ecotype 4 × ‘Konferencja� 2.1

*Results recorded in the first year of observations (2005).
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be stressed that the rate of CC or CI was affected most 
probably by environmental factors, since in the succes-
sive years in case of the same crossing combinations CC 
was observed in the first year of observations, while CI 
was recorded in the second year of observations, e.g. 
crossing of cv. ‘Bera Hardy� with ecotype 5 and crossing 
of ecotype 1 with cv. ‘Bera Hardy�. those results confirm 
earlier observations by the same authors and those partly 
described by Sampson (1962), who was of the opinion 
that the most conspicuous characteristic of interspecific 
incompatibility is the fact that it is usually unilateral. 
the growth of pollen tubes of certain self-compatible 
(SC) species is inhibited in the styles of self-incompat-
ible (SI) species, while reciprocal crossings turn out to 
be CC. Results recorded in this study suggest that such 
a unilateral interspecific incompatibility (UCI) may oc-
cur not only in case of SC × SI crossing, but also in the 
reverse direction of SI × SC.

CONCLUSIONS

1. tested cultivars ‘Packhams triumph�, ‘Konfer-
encja�, ‘General Leclerc� of P. communis and ecotypes of 
P. pyraster pyrasterpyraster turned out to be self-incompatible (SI). the 
self-incompatibility character in most cases is deter-
mined by a stable gene and only ecotype 2 may have this 
character determined by a weaker allele S in comparison 
to allele S determining SI in the other genotypes. 

2. Cultivar ‘Bera Hardy� is a good pollinator for ‘Lu-
kasówka� and ‘Konferencja�, while ‘Lukasówka� is for 
‘Konferencja�.

��. Both in intraspecific and interspecific crossings 
unilateral cross incompatibility was observed, which in 
certain crossing combinations was probably modified by 
environmental conditions.
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