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Abstract

Different aspects related to flower biology have a close link to fruit set failures in apricot and other fruit trees. In
this work, studies on pollen viability and germinability, stigma receptivity, ovule development and longevity, the dif-
ferent factors affecting the effective pollination period (EPP), are reviewed. The concept of EPP is based on biologi-
cal parameters that are the successive steps that take place during the reproductive process and it is the frame within
which the factors limiting an appropriate fruit set can be studied. The definition of this concept and its detailed study
have allowed determination of the different limiting factors and the design of specific treatments to improve it.
Knowledge of the incompatibility phenotype for many apricot cultivars has allowed advising about the planting of single-
cultivar orchards. The study of the inheritance of this and other traits in apricot and other fruit trees has allowed plan-
ning of hybridisations to minimise or eliminate the production of undesirable seedlings, increasing the efficiency of
the breeding programme. Studies on the flower biology of apricot have provided valuable information to help select
the appropriate parent cultivars for breeding programmes, also this information is transferred to farmers to avoid
losses produced by an inadequate cultivar selection. In this review we intend to give an updated overview of the state
of the art in the research and the achievements thus far, as well as considering the implications of these studies for
fruit breeding in general, with special attention to apricot breeding.
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Resumen

Revision. Biologia floral en albaricoquero y sus implicaciones en la mejora

Diferentes aspectos de la biologia de la flor tienen una estrecha relacién con los problemas productivos del albari-
coquero y otros frutales. En este trabajo se revisan estudios de viabilidad y germinabilidad del polen, receptividad del
estigma, desarrollo y longevidad de los évulos y en definitiva los diferentes aspectos que condicionan el periodo de
polinizacién efectiva (PPE). El concepto de PPE esta basado en pardmetros biol6gicos que constituyen los pasos su-
cesivos que ocurren durante el proceso reproductor y supone el marco dentro del cual se pueden estudiar los factores
limitantes para una adecuada fructificacién. El establecimiento de este concepto y su estudio detallado han permiti-
do determinar diferentes factores que lo limitan y disefiar tratamientos especificos para mejorarlo. EI conocimiento
del fenotipo para la incompatibilidad de muchas variedades de albaricoquero ha permitido desaconsejar su estableci-
miento en plantaciones monovarietales. El estudio del modo de herencia de éste y otros caracteres en albaricoquero y
otros frutales, ha permitido la planificacion de los cruzamientos para minimizar o eliminar la produccién de descen-
dientes indeseables, aumentando asi la eficiencia de los programas de mejora. En conjunto, el estudio de la biologia
floral del albaricoquero ha producido informacion aplicable tanto en la eleccion de genitores en el programa de me-
jora, como transferible directamente al sector productivo para evitar las pérdidas causadas por una incorrecta
eleccion varietal. En esta revision se ha pretendido dar una vision actualizada del estado de la investigacién y las me-
tas alcanzadas, asi como de la incidencia de estos estudios en la mejora genética de los frutales en general y del
albaricoquero en particular.

Palabras clave: periodo de polinizacién efectiva, herencia, androesterilidad, pistilo, polen, auto(in)compatibilidad,
S-ARNasas.
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Introduction

Different aspects related to flower biology have a
close link to fruit set failures in apricot and other fruit
trees. Studies on the flower biology of apricot have
provided valuable information to help select the ap-
propriate parent cultivars for breeding programmes
and transfer to farmers to avoid losses produced by an
inadequate cultivar selection. In this review we intend
to give an updated overview of the state of the art in
the research and the achievements thus far, as well as
considering the implications of these studies for apri-
cot breeding.

The review covers the importance of an enough pro-
duction of flower buds as well as their permanence on
the branches until they develop to flowers, are polli-
nated and become fruits, for the suitability of apricot
cultivars to give adequate yields.

Different aspects related to the pollen, the stigma
and the ovules are considered that influence greatly
the possibilities of the flowers to set fruits. The effec-
tive pollination period (EPP) is considered to be an ex-
pression of the likelihood that the flowers set fruit and
therefore it links female fertility and pollination by
considering in a global form all parameters related to
reproductive biology.

The need of pollinators, with overlapping blooming
times, as well as pollinating insects to transfer the
pollen, make self-incompatible cultivars unsuitable to
modern horticultural practises. Knowledge on the in-
heritance of this trait and methodologies to determine
the genotypes of different cultivars as soon as possi-
ble, have allowed the planification of hybridisations
so that the number of self-incompatible seedlings is
minimised in the progenies from controlled crosses.
A review of the main aspects of this trait in fruit
trees and future prospect of the current research are
outlined in this work.

Flower bud density and drop

Depending on the intensity, flower bud drop may
negatively influence final yield. Several factors are
considered common causes of flower bud drops (wa-
ter stress, lack of chilling, high temperatures during
autumn or winter, etc.).

Important losses of flower buds have been associa-
ted with deficit irrigation treatments in apricot (Hen-
drickson and Veihmeyer, 1950; Brown, 1952; Brown,

1953; Uriu, 1964). However, other authors did not find
an influence of different irrigation treatments on flo-
wer bud drop in apricot (Alburquerque et al., 2003).

Warm temperatures during autumn and winter have
been considered responsible for incorrect flower
development and, therefore, large flower bud drops in
peach (Brown, 1958; Monet and Bastard, 1971).
Unsatisfied chilling requirements have also been
related to flower bud drop in apricot (Legave, 1978).
However, other authors did not observe an influence
of chilling on flower bud drop in apricot cultivars
(Viti and Monteleone, 1991; Alburquerque et al., 2003).

The different results found could be explained if flo-
wer bud density (number of flower buds per branch
section) and flower bud drop were genetically condi-
tioned traits. A strong influence of the cultivar on flo-
wer bud drop in apricot has been found (Legave, 1975;
Legave et al., 1982). Also in apricot, when nine diffe-
rent cultivars were studied during three consecutive
years, flower bud density and flower bud drop were not
affected by the climatic conditions of the different
years but there were large differences between cultivars.
Flower bud densities ranged from 63 to 180 buds cm?
and percentages of flower bud drops were over 50% in
many cultivars and ranged from 13% to 72%, expres-
sed as averages from the three years (Alburquerque et
al., unpublished results). It has been found also, in
peach and nectarine, that flower bud density (Bellini
and Gianelli, 1975; Okie and Werner, 1996) is highly
dependent on the cultivar studied.

A scarce flower bud production and/or high flower
bud drop is indicative of poor productivity. Since the-
se characters seem to be cultivar-dependent, they may
be inherited and therefore the use of such cultivars as
parents within a breeding programme will not be ad-
visable.

The pollen

When studying pollen from apricot cultivars it was
found that, with the exception of some male sterile cul-
tivars like ‘Colorao’ or ‘Arrogante’, most of the apri-
cot cultivars produce pollen in quantities that range
from 2,000 to 4,000 grains per anther, which is more
than 90,000 pollen grains per flower (Egea and Bur-
gos, 1993). Furthermore, this pollen has a high per-
centage of viability and germinates, emitting a pollen
tube, in a wide range of temperatures (Vachun, 1981;
Egeaetal., 1992).
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Male sterility

Male sterility is defined as the deviant condition in
normally bisexual plants when no viable pollen is for-
med (Frankel and Galun, 1977). Male sterility has
been exploited as an effective tool to aid hybrid seed
production in many crops. However, male sterility is an
undesirable characteristic in scion cultivars of Prunus
to be used for fruit production, because this trait would
restrict yield in large monoculture production blocks.
Male-sterile cultivars need cross-pollination and pro-
duction would depend on an adequate pollen transfer
from other cultivars.

A review of apricot pollen fertility (Burgos, 1991)
indicated that only three male sterile cultivars, ‘Arro-
gante’, ‘Colorao de Mox6’ and ‘Colorao’, have been
described. Male-sterile anthers can be distinguished
visually from normal fertile anthers during the bloom
period. Shrunken, discoloured anthers are indicative
of male sterility and provide a sharp contrast to the
swollen, yellow appearance of normal, pollen-fertile
anthers (Burgos and Ledbetter, 1994). A relatively
high number of male-sterile trees were observed by
these authors in progenies from controlled hybridisa-
tions among fertile cultivars in apricot, and they pro-
posed a preliminary model for the inheritance of the
trait. Later, it was confirmed (Burgos and Egea, 2001)
that the trait is controlled by one recessive gene (Ta-
ble 1). Five cultivars or selections included in this study
were heterozygous for this trait and, since all hybridi-
sations among them were performed to combine fruit
quality attributes and the heterozygous status was
unknown, this trait can be of economic importance in
the efficiency of an apricot breeding programme,
since hybridisation among heterozygous cultivars
would produce 25% of male-sterile progeny.

Table 1. Number of male-fertile and male-sterile seedlings
obtained from crosses among cultivars with different male-
sterile genotypes*

Male- Male-

Type of - - Test 2
hybl}gzisation fertllle ster_lle ratio X/P
seedlings  seedlings
Msms x Msms 449 154 3:1 0.09/P<0.9
MsMs x Msms 830 3 1:0 —
msms X MsMs 35 0 1.0 —
msms X Msms 14 7 1:1 2.3/P<0.25

* Data elaborated from results published by Burgos and
Ledbetter (1994) and Burgos and Egea (2001).

Recent research in peach has described a different
type of male sterility, that has been proposed to be due
to cytoplasmic inheritance (Werner and Creller, 1997).
These authors found that all crosses between the ma-
le-sterile parent and normal cultivars resulted in a com-
pletely male-sterile offspring. Furthermore, when the-
se F; seedlings were open-pollinated or backcrossed
with the fertile parent all progenies were male-sterile.

The knowledge on the inheritance of this trait will
help to plan hybridisations, so that production of ma-
le-sterile progeny is avoided through selection of ho-
mozygous fertile parents. Also, this information and
the progenies generated to obtain it, have helped the
search for molecular markers for this trait, that will
allow detection and elimination of male-sterile plants
at the seedling stage (Badenes et al., 2000).

The pistil

It has been demonstrated that fruit set is determi-
ned by numerous factors that affect different proces-
ses occurring in the pistil during pollination, pollen
tubes germination and growth through the stiles and
ovule fertilisation. For instance, it has been found that
high temperatures during the pre-blossom weeks pro-
duce abnormal flowers and diminish fruit set in apri-
cot (Rodrigo and Herrero, 2002) as well as the ovule
viability in almond (Egea and Burgos, 1995a). Stigma
receptivity (Egeaet al., 1991a; Egea and Burgos, 1992;
Gonzalez etal., 1995), the role of the pistil in controlling
pollen tubes growth (Herrero, 1992; Herrero and
Hormaza, 1996), ovule maturity at anthesis (Egea and
Burgos, 1994; Egea and Burgos, 1998; Alburquerque
et al., 2000 and 2002a) and its subsequent evolution
(Burgos and Egea, 1993; Burgos et al., 1995) have
been studied widely in apricot and other fruit trees.

Macro styles

The length of some pistils places the stigmas above
the anthers when their natural position should be at the
same or a lower height. Macro styles are a cultivar cha-
racteristic that is inherited, although climatic condi-
tions, especially temperatures before or after anthesis,
play an important role in regulating the manifestation
of the trait. In apricot cultivars with the stigma 2 to
3 mm above the anthers, at anthesis, a much lower
number of pollen grains has been found on the stigmas
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than in flowers of cultivars with the anthers at the sa-
me height as or above the stigmas, when those flowers
were within bagged branches and cross-pollination was
absent (Egea and Burgos, 1993).

Macro styles may produce important crop failures
when there are few bees or when climatic conditions
do not allow the activity of these insects. Self-compa-
tible cultivars with long styles may behave as incom-
patible in these conditions. Also, since stigmas project
out of the flower, the risk of quick desiccation and sub-
sequent loss of receptivity is high.

The stigma

Stigma receptivity is fundamental, in many instan-
ces, for explanation of phenomena observed during
fruit setting. In some cases, the stigma has been con-
sidered responsible for the success of some cultivars
like the pear ‘Decana del Comizio’ (Bini and Bellini,
1971; Bini, 1972). Other papers have reported imma-
ture stigmas at anthesis in the pear ‘Agua de Aranjuez’
(Herrero, 1983; Sanzol et al., 2003) or the apple ‘Cox’s
Orange Pippin’ (Williams et al., 1984). In apricot,
immature stigmas at anthesis have been found also in
some apricot cultivars, reaching an optimum recepti-
vity two to four days after anthesis and losing it very
quickly thereafter (Burgos et al., 1991; Egea et al.,
1991a). In the Southeast of Spain, many apricot culti-
vars have an extremely short period in which stigmas
are receptive (Egea and Burgos, 1992).

The ovary and the ovule

When studying the development of the megagame-
tophyte in relation to fruit set, the occurrence of mal-
formed ovules with degenerated embryo sacs has
been observed at different stages of flower develop-
ment in avocado (Tomer et al., 1976), olive (Rallo et
al., 1981; Bini and Lensi, 1981; Bini, 1984), apple
(Marro, 1976; Forino et al., 1987), pear (Jaumien, 1968;
Bini, 1972), cherry (Eaton, 1959; Stdsser and Anvari,
1982; Furukawa and Bukovac, 1989), almond (Pi-
mienta and Polito, 1982; Pimienta and Polito, 1983),
peach (Arbeloa and Herrero, 1985) and apricot (Eaton
and Jamont, 1964; Burgos and Egea, 1993; Egea and
Burgos, 1994; Burgos et al., 1995).

Frequently, more than two ovules have been found
in apricot. However, extra ovules are generally mal-

formed or they degenerate quickly (Burgos and Egea,
1993; Egea and Burgos, 1995b).

Figure 1 shows the different embryo sac develop-
mental stages in apricot. At anthesis, apricot ovules are
not mature and frequently they are in a very immature
stage (Egea and Burgos, 1994; Alburquerque et al.,
2000 and 2002a). Most ovules examined were within
the first three stages of development in our classifi-
cation (i.e. from ovules without embryo sac to four-
nuclei embryo sacs), with high percentages of ovules
without a differentiated embryo sac (Table 2).

Lillecrap et al. (1999) found small and delayed
embryo sacs at anthesis in an apricot cultivar with fre-
quent low yields, whereas most embryo sacs had eight
nuclei in two other cultivars which produced good
yields generally.

In South-Eastern Spain, apricot cultivars with imma-
ture ovules at anthesis (embryo sacs with four nuclei)
produced normal crops (Egea and Burgos, 1998). The-
refore, those ovules with, at least, a four-nuclei embryo
sac at anthesis have been considered as functional
(Alburquerque et al., 2002a). In Table 3, the percenta-
ges of functional ovules and fructification of nine apri-
cot cultivars are reported. Cultivars with more than 50%
fruit set had also high percentages of functional ovules,
suggesting that a certain degree of megagametophyte
development at anthesis is necessary for fertilisation to
be successful, although it may not be enough to ensure
a good crop since some cultivars with high percentages
of functional ovules had low fruit set.

Both the ovary and the ovule provide signals that
orient and direct pollen tube growth to the right cour-
se (Herrero, 2001). In peach, particular secretions from
ovary cells along the pollen tube pathway are required
for the pollen tube to proceed towards the embryo sac
(Arbeloa and Herrero, 1987; Herrero, 2000).

The effective pollination period

Williams (1966) introduced the concept of «effec-
tive pollination period» (EPP) as the period during
which pollination is effective to produce a fruit, and
described in detail the approach used to estimate the
EPP in orchard conditions, which basically consists of
hand-pollinating flowers at time intervals from anthe-
sis and later recording the initial and final fruit set in
these flowers (Williams, 1970a). Microscopic exami-
nation of pollen tube kinetics and ovule viability can
be useful as an indirect estimation of the EPP. Since
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Figure 1. Developmental stages of the embryo sac. (A) No embryo sac. Mother cell of the embryo sac (m). Immature embryo sacs
with two (B), four (C) and eight (D) nuclei. (E) Mature embryo sac with the egg cell (), sinergids (e) and unfused polar nuclei (p).
(F) Mature embryo sac with fused polar nuclei (fp). Bars represent 20 pm in A and 50 um in B, C, D, E, and F.

Table 2. Percentage of ovules in different developmental stages at anthesis, in eighteen apricot cultivars

Apricot cultivars NES 2N 4N 8N DEC FPN M No. of ovules
Moniqui 375 20 21.3 20 1.2 0 0 80
Pepito del Cura 725 10 17.5 0 0 0 0 40
Pepito del Rubio 50.8 25.9 19.7 2.1 0 0 15 193
Velazquez Fino 50 15.1 27.3 1.9 0 0 5.7 106
Velazquez Tardio 60 10 20 10 0 0 0 40
Gitano 45.8 24.3 19.6 4.7 0 0 5.6 107
Carrascal 40 18.8 31.2 10 0 0 0 80
Candelo 55 27.5 16.3 0 0 0 1.2 80
Bergeron 69 15.9 13.7 0.7 0.7 0 0 145
Modesto 45 17.5 15 3.7 11.3 0 7.5 80
Hargrand 36.3 16.2 28.7 8.8 3.8 0 6.2 80
Palstein 1.9 13.2 43.4 28.3 13.2 0 0 53
Priana 2.5 22.5 32.5 7.5 30 0 5 40
Beliana 4.5 45 20.5 22.8 43.2 4.5 0 44
Bebeco 45.4 36.4 18.2 0 0 0 0 33
Colorao 17.5 7.5 225 325 15 25 25 40
Guillermo 32.4 35.3 29.4 2.9 0 0 0 34
Goldrich 2.6 12.8 41 28.2 15.4 0 0 39

NES: no embryo sac; N: nuclei. DEC: differentiated egg cell with unfused polar nuclei. FPN: fused polar nuclei. M: malformed.
Elaborated from results published in Alburquerque et al. (2002a), Burgos et al. (1995), Egea and Burgos (1994 and 1998).
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Table 3. Percentages of functional ovules and fruit set in
different apricot cultivars

Cultivar Functional ovules Fruit set
Palstein 84.9+4.92 53.8+1.90
Priana 73.7+7.14 56.4+4.55
Beliana 90.9+4.33 63.5+0.40
Colorao 74.3+7.00 7.5+1.67
Guillermo 32.3+8.02 23.5+0.42
Goldrich 84.6+5.78 16.6 +6.66
Pepito 22.1+3.01 12.0+3.02
Bergeron 15.2+2.98 12.8+3.25
Modesto 12.5+5.23 11.0+£3.40

Elaborated from results published in Alburquerque et al. (2002a).

the EPP is determined by the longevity of the ovule
minus the time required by the pollen tube to reach the
ovule, this indirect estimation will be valid whenever
the EPP values do not exceed the stigmatic receptivity
period (Williams, 1966). The microscopic approach
provides additional information on the parameters that
limit the EPP that is not obtained with the estimation
in the orchard.

The EPP was defined as a function of pollen tube
speed and ovule longevity. Therefore, it links female
fertility and pollination and is an expression of the li-
kelihood that the flowers set fruit. Flower fertility is
the capability to produce fruits when flowers are
pollinated, at the right time, with compatible pollen.
Theoretically, each normally-developed flower is able
to set a fruit if pollinated with the appropriate pollen
just after anthesis. Its failure to do so is indicative of
female sterility. However, under normal conditions,
flowers are not always pollinated at anthesis and
stigmas remain receptive for several days (Williams,
1970b; Williams et al., 1984).

Stigma receptivity, the speed of pollen tube growth
and ovule longevity are three factors commonly-studied
in the literature about EPP. Different studies report their
relative importances, depending on the species and cli-
matic conditions. There must be a good synchronisation
between them, although genetic and environmental fac-
tors may unbalance the process and, therefore, decrea-
se fruit setting (Thompson and Liu, 1973).

In fruit trees, including apricot, EPP duration has
been estimated to be very variable, depending on the
species, cultivar and environmental conditions, ran-
ging from two days to more than a week (Sanzol and
Herrero, 2001). When the limiting factor of EPP was
determined, in the reviewed papers, a good correlation
was found between the two period lengths. In kiwi, the

short EPP found was attributed to a fast loss of pollen
germinability due to high temperatures (Galimberti et
al., 1987) or to lack of support of pollen germination
by the stigma (Gonzalez et al., 1995). Delays in stig-
ma maturation (Martinez-Tellez and Crossa-Raynaud,
1982; Herrero, 1983) or a short receptivity period
(Williams, 1965; Guerrero-Prieto et al., 1985; Burgos
etal., 1991; Egea et al., 1991a) may limit the EPP.

Williams (1970c) found that ovule development is
affected by high temperatures, but with temperatures
between 7 and 15°C ovule development is normal whi-
le there is an increase in the speed of pollen tube
growth. In these conditions, the EPP is improved. In
the climatic conditions of South-Eastern Spain, the li-
mited period of stigma receptivity has been found to
be responsible for a short EPP in apricot. For many
cultivars examined, high temperatures at bloom limit
the stigma receptivity to only one to three days after
anthesis, in the most extreme cases (Egeaetal., 1991a;
Egea and Burgos, 1992). Pollen tubes grow fast in the-
se conditions but at least three days are necessary to
reach the ovary.

The longevity of the ovule is related to its stage of
development at anthesis. Ovules mature at anthesis
will remain viable only a short time, limiting the EPP.
On the other hand, if ovules are very immature at an-
thesis, there may be asynchronies between pollen tu-
be arrival and the maturity of the ovules, which will
affect fruit set. The most favourable condition for fruc-
tification would be when ovules are at intermediate
stages of development (embryo sacs with four to eight
nuclei) at anthesis (Alburquerque et al., 2002a).

Self-(in)compatibility

Incompatibility is the inability of a fertile seeded-
plant to produce zygotes after self- or cross-pollination
(self- or cross-incompatibility) (Heslop-Harrison,
1975). This reaction is an active, regulated constraint
of pollen tube growth where, depending on the species
and the system operating, the process may be blocked
at the initial steps of pollen hydration and germination
on the stigma (Dickinson, 1995), during pollen tube
growth in the style (Matton et al., 1994) or further
down in the ovary (Sage et al., 1994).

Recognising and rejecting their own pollen before
fertilisation allows self-incompatible plants to promote
outcrossing and improve genetic variability, which is
considered to play an important role in the evolutionary
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success of the angiosperms. Outcrossing establishes a
regulated degree of heterozygosity in the population.
Incompatibility occurs in more than 3,000 species
of 250 genera, that belong to about 70 families (Van
Gastel, 1976).

Although, traditionally, the European group of apri-
cot (within which the apricots grown in Europe, North

America, South Africa and Australia are included) has
been described as self-compatible (Mehlenbacher et
al., 1991), in the last two decades many widely-culti-
vated apricot cultivars have been described as self-in-
compatible (Tables 4 and 5). In fruit trees, incompati-
bility complicates horticultural practices because
self-incompatible clones require the addition of polli-

Table 4. Main self-compatible apricot cultivars

Cultivar Reference Cultivar Reference
Acqua del Serino Cappellini and Limongelli, 1981 Morocco Burgos et al., 1997a
Antonio Errani Burgos et al., 1997a Muscat Burgos et al., 1997a
Amabile Vecchioni  Burgos et al., 1997a Ninfa Bassi et al., 1995
Baracca Cappellini and Limongelli, 1981 Palummella Cappellini and Limongelli, 1981
Bebeco Burgos et al., 1997a Palstein Burgos et al., 1997a
Bellidieu Burgos et al., 1997a Patterson CETA, 1990
Beliana Burgos et al., 1997a Pelese Giovanniello  Cappellini and Limongelli, 1981
Bergeron Audergon et al., 1988 Peluzzella Burgos et al., 1997a
Boccuccia Burgos et al., 1997a Pepito del Rubio Burgos et al., 1993

Boccuccia Liscia
Boccuccia Spinosa
Bulida

Cappellini and Limongelli, 1981
Cappellini and Limongelli, 1981
Egeaetal., 1991b

Cafona Cappellini and Limongelli, 1981
Canino Burgos et al., 1997a
Canino Tardiva Burgos et al., 1997a
Carrascal Burgos et al., 1993
Castelbrite Ramming and Tanner, 1978
Comondor Burgos et al., 1997a

Cot 2579 Burgos et al., 1997a

Cot 3080 Burgos et al., 1997a

Cot 3380 Burgos et al., 1997a
Cruzman Burgos et al., 1997a
Currot Burgos et al., 1997a
Desfarges Burgos et al., 1997a
Dulcinea Burgos et al., 1997a
Erevani Burgos et al., 1997a
Farmingdale Burgos et al., 1997a
Florilege Blane et al., 2004

Fracasso Cappellini and Limongelli, 1981
Galtarotja Burgos et al., 1997a
Goldcot Lamb and Stiles, 1983
Harlayne Burgos et al., 1997a

Harval Burgos et al., 1997a

Hatif Colomer Burgos et al., 1997a
Hasenbey Burgos et al., 1997a
Helena Ledbetter, 1994

HW411 Burgos et al., 1997a

Lorna Ledbetter, 1998

Malan Royal Burgos et al., 1997a
Mamaia Burgos et al., 1997a
Marculesti 12/5 Burgos et al., 1997a
Mauricio Burgos et al., 1997a
Modesto Burgos et al., 1997a
Monaco Bello Cappellini and Limongelli, 1981
Mono Burgos et al., 1997a

Piet Cillie Burgos et al., 1997a
Pisana Burgos et al., 1997a
Portici Burgos et al., 1997a

Precoce Boulbon
Precoce Pugget

Polonais Audergon et al., 1988

Poppy Egea, unpublished

Quattova Burgos et al., 1997a

Robada Ledbetter and Ramming, 1997
Rojo Pasién Egea et al., 2004a

Rouge de Fournes
Rouge de Rivesaltes
Rouge de Roussillon
Rouget de Sernhac

Burgos et al., 1997a
Burgos et al., 1997a

Audergon et al., 1988
Audergon et al., 1988
Audergon et al., 1988
Audergon et al., 1988

Royal Rosa Glucina et al., 1990

Riffault Glucina et al., 1990

San Castrese Cappellini and Limongelli, 1981
Sarituzu Burgos et al., 1997a

Screara Burgos et al., 1997a

Selene Egea et al., 2004b

Skaha Burgos et al., 1997a

Soldone Burgos et al., 1997a

Soledane Blane et al., 2003

Tardif de Bordaneil
Tardif de Tain

Audergon et al., 1988
Burgos et al., 1997a

Tadeo Burgos et al., 1997a
Tilton Burgos et al., 1997a
Timpurii Burgos et al., 1997a
Trevatt Burgos et al., 1997a
Tomcot Burgos et al., 1997a
Tyrinthos Burgos et al., 1997a
Valenciano-1 Garcia et al., 1988

Valenciano-2 Burgos et al., 1997a
Valenciano-4 Burgos et al., 1997a
Wenatchee Burgos et al., 1997a
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Cultivars Reference Cultivars Reference
A179 Delbard Burgos et al., 1997a Moniqui Burgos et al., 1993
A202 Delbard Burgos et al., 1997a Moniqui Azaraque Andrés and Duréan, 1998
Apache Ledbetter, 2002 Moongold Burgos et al., 1997a
Arengi Crossa-Raynaud, 1961 Nagykorosi Orias Szab6 and Nyéki, 1991
Aurora Burgos et al., 1997a Nicole Ledbetter, 2003
Avikaline Burgos et al., 1997a NJA 54 Burgos et al., 1997a
Bedri Crossa-Raynaud, 1961 NJA 55 Burgos et al., 1997a
Bergarouge Blane et al., 2003 Nonno Burgos et al., 1997a
Ceccona Burgos et al., 1997a Orange Red Burgos et al., 1997a
Cegledi Orias Szab6 and Nyéki, 1991 Pancin Burgos et al., 1997a
Charmagz Seth and Kuksal, 1977 Perfection Schultz, 1948
Cluthagold Glucina et al., 1988 Priana Burgos et al., 1997a
Cot 2679 Burgos et al., 1997a Primula Burgos et al., 1997a
Cot 2779 Burgos et al., 1997a Riland Schultz, 1948
Cot 2879 Burgos et al., 1997a Rival Burgos et al., 1997a
Cream Ridge Burgos et al., 1997a Scronsniy Burgos et al., 1997a
Early Blusa Burgos et al., 1997a Stark Early Orange Burgos et al., 1997a
Erevani Burgos et al., 1997a Stella Burgos et al., 1997a
Fakoussi Crossa-Raynaud, 1961 Sundrop Austin et al., 1998
Gitano Burgos et al., 1993 Sunglo Burgos et al., 1997a
Goldbar Bassi et al., 1995 Sungold Lamb and Stiles, 1983
Goldrich Lamb and Stiles, 1983 Szegedi Mammut Szab6 and Nyéki, 1991
Goldstrike Burgos et al., 1997a Tokaloglu Gulcan and Askin, 1991
Hamidi Crossa-Raynaud, 1961 Vallero-1 Burgos et al., 1997a
Harcot Egea and Burgos, 1996 Vallero-2 Burgos et al., 1997a
Hargrand Egea and Burgos, 1996 Veecot Burgos et al., 1997a
Kermanshah Burgos et al., 1997a Veldzquez Fino Burgos et al., 1993
Lambertin-1 Egea and Burgos, 1996 Veldzquez Tardio Burgos et al., 1993
Laycot Burgos et al., 1997a Velvaglo Burgos et al., 1997a
Ligeti Orias Szab6 and Nyéki, 1991 Venturina Burgos et al., 1997a

nators and the yield depends on abundant pollen trans-
fer among the trees.

Genetic control

In Prunus, the incompatibility system operating in
most of the studied species is controlled by one gene
with several different alleles. Pollen is rejected when
its S-allele is present in the genotype of the style.
Hence, an incompatibility reaction will occur between
two plants if their genotypes at the S locus do not
differ in at least one allele (De Nettancourt, 1972;
Heslop-Harrison, 1975).

Sweet cherry was the first Prunus species where this
model was described (Crane and Brown, 1937). The
same mechanism has been demonstrated in almond
(Dicenta and Garcia, 1993) and apricot (Burgos et al.,
1997b). However, a different mode of inheritance was

found in Japanese plum, for which it has been propo-
sed that two genes with epistatic relationships control
the trait (Arora and Singh, 1990).

In apricot, alleles for self-compatibility would allow
pollen tube growth in any style (Table 6, reciprocal
crosses of types | and Il and crosses of types IV to
VIII). Self-incompatibility alleles would stop pollen
tube growth if the same allele was present in the pis-
til and the pollen grain (Table 6, crosses of types IlI,
IV, VIII, X, X1 and XII).

To determine the mode of inheritance of self-(in)com-
patibility in apricot, 19 families with a total of 948
seedlings, were evaluated (Table 7). Seedling segrega-
tion for the trait allowed it to be deduced that the parents
used were heterozygous. Also, there were two families
where segregation could only be explained if the parents
shared one allele (Table 6, cross type 1V). A similar
situation had been found previously in almond when
crossing ‘Ferragnes’ with the self-compatible cultivars
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Table 6. Theoretical crosses and expected genotypes and phenotypes, depending on the self-(in)compatibility status of the

parents

Parents genotypes

Expected genotypes

Expected phenotypes Type of cross

(SC:SI)
Crosses between SC and SI cultivars
(No common allele)
SC (ScSy) x S (S,S3)* ScS,, ScSs, S1S,, Si1Ss 1:1 I
SC (ScSc) x Sl (S:S)* ScSy, ScS, 1:0 1
(Common allele)
SC (ScSy) x Sl (S;S,) ScS,, S5, 1:1 Il
SI (S1S,) x SC (ScS,) ScS;, ScS, 1:0 v
Crosses between SC cultivars
(No common allele)
SC1 (ScS;) x SC2 (ScS,)* ScSc, ScSy, S¢S, SiS; 3:1 \%
SC1 (ScSc) x SC2 (ScSy)* ScSc, S¢S, 1:0 Vi
(Same genotype)
SC1 (ScSc) x SC2 (ScSc) ScSc 1:0 Vi
SC1 (ScS;) x SC2 (ScSy) ScSc, S¢S, 1:0 VI
Crosses between Sl cultivars
(No common allele)
Al1 (S;S,) x Al2 (S3S,)* S;Ss, S1S4, S3S3, S,S4 0:1 IX
(Common allele)
All (S:S;) x Al2 (S,S3) S1S3, S,S3 0:1 X
Al2 (S,S3) x AlL (S;S,) S;Ss, S:S; 0:1 Xl
(Same genotype)
All (S:S,) x Al2 (S;S,) No seedlings produced X1l

*Reciprocal crosses are not included since the same genotypes are expected.

‘Genco’ and ‘Tuono’ (Dicenta and Garcia, 1993).
Further work on stylar proteins of almond (Boskovic
et al., 1997) and apricot (Burgos et al., 1998) cultivars
demonstrated the existence of a common S-allele.
Cross type XIl in Table 6 could only happen if both
self-incompatible parents have the same genotype. Two

groups of cross-incompatible cultivars have been des-
cribed after controlled pollinations. One of them in-
cludes three Hungarian apricot cultivars (Nyéki and
Szabd, 1995) and the other the North American culti-
vars ‘Lambertin’, ‘Goldrich’ and ‘Hargrand’ (Egea and
Burgos, 1996).

Table 7. Rate of self-compatible and self-incompatible seedlings obtained in crosses among apricot cultivars, depending on

the type of cross*

Number Number of seedlings Expected
Type of cross of tested phenotypes X2 P
families SC Sl Total (SC:Sl)
lorlll 10 328 297 625 1:1 15 <0.25
v 1 221 3 224 1:0 —
IX, Xor Xl 3 0 37 37 0:1 —
\Y 4 39 15 54 31 0.2 <0.75
VI 1 8 0 8 1:0 —

* Elaborated from results published by Burgos et al. (1997b).
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Molecular aspects of incompatibility

Within the Rosaceae, a correlation between
known genotypes for self-(in)compatibility and
bands resulting from electrophoresis of stylar ex-
tracts has been found in Japanese pear (Hiratsuka et
al., 2001; Sassa et al., 1992) where the proteins
have been characterised as glycoproteins with RNa-
se activity (Hiratsuka, 1992; Sassa et al., 1993;
Hiratsuka et al., 1995; Hiratsuka and Okada, 1995).
Similar results have been found in apple (Sassa
et al., 1994), and European and Chinese pears
(Tomimoto et al., 1996).

In Prunus, similar studies have been carried out
in sweet cherry (Mau et al., 1982; Boskovic and To-
butt, 1996; Boskovic and Tobutt, 2001) and almond
(Tao et al., 1997; Boskovic et al., 1997; Certal et
al., 2002). In our laboratory, a good correlation was
established between RNases from stylar extracts and
the available information on (in)compatibility ge-
notypes of different apricot cultivars (Table 8). It
was also demonstrated that these proteins were in-

herited as if they were the products of the S gene
(Burgos et al., 1998) and this methodology was used
to genotype unknown cultivars and selections from
the breeding programme (Alburquerque et al.,
2002b).

A further step in the molecular research on S-alle-
les in fruit trees was the use of a combination of S-alle-
le-specific primers, designed from non-conserved se-
guences from each allele in apple, and the digestion of
PCR products with S-allele-specific restriction enzy-
mes (Janssens et al., 1995). Results from this approach
to the identification of S-alleles correlated perfectly
with information on genotypes from phenotypic
and RNases analyses and it is a rapid and useful
method for determination of the genotype of different
apple cultivars (Sakurai et al., 1997 and 2000). A
recent paper reports the identification of 15 different
S-alleles in apple using this methodology (Broothaerts,
2003).

The same strategy, with or without modifications,
has been used to design specific primers for S-alleles
inalmond (Tamura et al., 2000; Channuntapipat et al.,

Table 8. Self-(in)compatibility genotypes proposed for apricot cultivars based on electrophoresis of stylar RNases. Segre-

gation of stylar RNases in progenies from controlled crosses*

Cultivar Genotype Cultivar Genotype

Beliana ScS; Lambertin SiS;

Canino ScS, Mauricio ScS;

Colorao ScSs Moniqui S,Se

Currot ScSc Palabras (Clon VV4) ScSc

Gitano Ss_ Pepito ScS,

Goldrich NI Priana S,S;

Harcot S:S4 Sunglo S,S;

Hargrand S:S,

. Number Observed Expected segregation )
Family of seedlings genotypes for individual RNases X* (df) P

Moniqui x Pepito 17 12 ScsS, (S2:S¢) 1:1 2.5(1) P<0.25
5 ScSe

Gitano x Pepito 38 17 ScSs 1:1:1:1 9.9 (3) P<0.025
5Sc _

11 S,Ss

58, _

Colorao x Pepito 7 4 ScSc 2:1:1 4.7 (2) P<0.1
1 ScS,
2 ScSs
0 S,Ss

Goldrich x Pepito 10 6 ScS; (S1:Sy) 111 0.4 (1) P<0.75
4 S¢S,

* Elaborated from results published by Burgos et al. (1998) and Alburquerque et al. (2002b).
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2003), pear (Zuccherelli et al., 2002), sweet cherry
(Tao et al., 1999; Yamane et al., 2000; Sonneveld et
al., 2001; Wiersma et al., 2001) and Japanese apricot
(Yaegaki et al., 2001).

In apricot, the alleles S; and S, have been sequen-
ced completely (Romero et al., 2003) by using a bac-
terial artificial chromosome (BAC) library from the
cultivar Goldrich (Vilanova et al., 2003). This is a
first step that will allow the design of primers from
these sequences in order to amplify different S-alle-
les in apricot. The possibility of designing primers
for the self-compatibility allele found in all self-com-
patible apricot cultivars tested to date (Alburquerque
etal., 2002b) is especially interesting (Burgos et al.,
1998). A similar strategy has allowed the design of
molecular markers for this important trait in Japane-
se apricot (Tao et al., 2000, 2002a and 2002b).

Conclusions

The study of the flower biology of apricot, descri-
bed in this review, has had strong implications for the
breeding programme of this species, which has been
developed at the same time. First of all, the knowledge
of the factors limiting fruit set in an important number
of commercial cultivars has oriented the selection
of parents. Some cultivar-dependent characteristics,
like macro styles and flower bud density or drop, in-
dicate that some cultivars would not be a good choice
as parents in the breeding programme. Other factors,
like ovule immaturity at anthesis, are signs of bad
adaptation of the cultivars to local climatic conditions
and these, therefore, would also be a wrong parental
selection. In those cases when such parents must be
used, the knowledge of these characteristics is impor-
tant in order to evaluate the seedlings, paying much
attention to the possible segregation of these traits
within the progenies in order to select the ones that
have not inherited the undesirable characters.

Determining the mode of inheritance of economi-
cally-important traits improves the efficiency of
breeding. For instance, male sterility may produce up to
25% of male-sterile seedlings from crosses between
fertile heterozygous cultivars. The selection of the
appropriate parents is, again, the solution. Also, de-
termining the inheritance of self-(in)compatibility
and the parents’ genotypes for this trait allows hybri-
disations to be planned which minimise or eliminate
the production of self-incompatible seedlings. The

correlation between stylar RNases and different S-
alleles has been a great advance for determination of
the genotype of a good number of cultivars. With this
methodology, homozygous self-compatible cultivars
can be easily identified, which will produce 100%
self-compatible progeny regardless of the other pa-
rent’s genotype. If the necessity of evaluating the pro-
genies generated within the breeding programme, to
discard the self-incompatible seedlings, is elimina-
ted, the programme is speeded up, which greatly re-
duces its cost.

Self-incompatibility phenotype determination by
controlled crosses and evaluation of fruit set or pollen
tube growth as well as RNase analysis, to determine
the genotype at the S locus, need mature trees with
flowers, which, for fruit trees, means at least three
years after seeds are obtained. Using PCR with S-alle-
le-specific primers allows detection of the self-in-
compatible genotype in the first stages of plant
development, and therefore allows roguing of unde-
sirable seedlings straight after germination of the
seeds. Specific primers to amplify selectively the alle-
le (or alleles) that determine self-compatibility are
molecular markers for this trait with 100% efficiency,
since they are located within the S locus. In apricot,
these primers have not yet been identified nor effi-
cient molecular markers developed. However, some
recent papers on this species, and methodologies de-
veloped in related Prunus species, indicate that they
will soon be available.

The number of publications in recent years indica-
tes the interest in the different aspects of reproductive
biology. This interest is, possibly, closely linked to the
fact that this knowledge may avoid production failu-
res and also allows the efficiency of the fruit breeding
programmes to be increased.

References

ALBURQUERQUE N., BURGOS L., EGEA J., 2000.
Consequences to fertilization of the developmental sta-
ge of apricot ovules at anthesis. J Hortic Sci Biotech 75,
662-666.

ALBURQUERQUE N., BURGOS L., EGEA J., 2002a. Va-
riability in the developmental stage of apricot ovules at
anthesis and its relationship with fruit set. Ann Appl Biol
141, 147-152.

ALBURQUERQUE N., BURGOS L., EGEA J., 2003. Apri-
cot flower bud development and abscission related to
chilling, irrigation and type of shoots. Sci Hortic-
Amsterdam 98, 265-276.



238 L. Burgos et al. / Span J Agric Res (2004) 2 (2), 227-241

ALBURQUERQUE N., EGEA J., PEREZ-TORNERO 0.,
BURGOS L., 2002b. Genotyping apricot cultivars for self-
(in)compatibility by means of RNases associated with S
alleles. Plant Breeding 121, 343-347.

ANDRES M.V, DURAN J.M., 1998. Self-incompatibility
in Spanish clones of apricot (Prunus armeniaca L.) tree.
Euphytica 101, 349-355.

ARBELOA A., HERRERO M., 1985. Valoracidn de la trans-
locacion al 6vulo y de la esterilidad femenina en melo-
cotonero. Anales de la Estacion Experimental de Aula Dei
17, 214-220.

ARBELOA A., HERRERO M., 1987. The significance of
the obturator in the control of pollen tube entry into the
ovary in peach. Ann Bot 60, 681-685.

ARORA R.L., SINGH R., 1990. Genetics of incompatibi-
lity in plum (Prunus salicina Lindl). Ind J Hort 47, 1-11.

AUDERGON J.M., SIGNORET V., DULFILLOL J.M., GI-
LLES F.,, 1988. Les variétés d abricot. L’ Arboriculture
Fruitiére 403, 22-56.

AUSTIN P.T., HEWETT E.W.,, NOITON D., PLUMMER
J.A., 1998. Self incompatibility and temperature affect
pollen tube growth in ‘Sundrop’ apricot (Prunus arme-
niaca L.). J Hortic Sci Biotech 73, 375-386.

BADENES M.L., HURTADO M.A., SANZ F., ARCHE-
LOS D.M., BURGOS L., EGEA J., LLACER G., 2000.
Searching for molecular markers linked to male sterility
and self-compatibility in apricot. Plant Breeding 119,
157-160.

BASSI D., GUERRIERO R., PENNONE F., 1995. Le culti-
var di albicocco. Riv Frutt 2, 39-42.

BELLINI E., GIANELLI G., 1975. Sul valore tassanomico
di alcuni caratteri del ramo nel pesco. Riv Ortoflorofrutt
It 59, 440-458.

BINI G., 1972. Ulteriori osservazioni su alcuni aspetti della
biologia fiorale e di fruttificazione della cultivar di pero
‘Decana del Comizio’. Riv Ortoflorofrutt It 56, 299-307.

BINI G., 1984. Fioritura e impollinazione nell’olivo. Inda-
gini sul periodo d’impollinazione, recettivita dello stig-
ma ed evoluzione del gametofito femminile. Riv Orto-
florofrutt It 68, 57-69.

BINI G., BELLINI E., 1971. Macrosporogenesi nella culti-
var di pero ‘Decana del Comizio’ e ricerca del periodo
pil opportuno per la sua impollinazione. Riv Ortofloro-
frutt 1t 55(4), 332-336.

BINI G., LENSI M., 1981. Osservazioni su alcuni aspetti
dell’ontogenesi fiorale nell’olivo. Riv Ortoflorofrutt It
65, 371-380.

BLANE A., BROQUAIRE J.M., CHANFFOUR D., CLAU-
ZEL G., DUFILLOL J.M.,GIARDA., GILLES F.,, MOU-
LON B., AUDERGON J.M., 2004. Soledane, Florilege,
Bergarouge, three new apricot cultivars for French
country. Acta Hort (In Press).

BOSKOVIC R., TOBUTT K.R., 1996. Correlation of stylar
ribonuclease zymograms with incompatibility alleles in
sweet cherry. Euphytica 90, 245-250.

BOSKOVIC R., TOBUTT K.R., 2001. Genotyping cherry
cultivars assigned to incompatibility groups, by analysing
stylar ribonucleases. Theor Appl Genet 103, 475-485

BOSKOVIC R., TOBUTT K.R., BATLLE I., DUVAL H.,
1997. Correlation of ribonuclease zymograms and
incompatibility genotypes in almond. Euphytica 97,
167-176.

BROOTHAERTS W.,, 2003. New findings in apple S-ge-
notype analysis resolve previous confusion and request
the re-numbering of some S-alleles. Theor Appl Genet
106, 703-714.

BROWN D.S., 1952. Relation on irrigation practice to the
differentiation and development of apricot flower buds.
Proc Amer Soc Hortic Sci 114, 95-102.

BROWN D.S., 1953. The effects of irrigation on flower bud
development and fruiting in the apricot. Proc Amer Soc
Hortic Sci 61, 119-124.

BROWN D.S., 1958. The relation of temperature to the flo-
wer bud drop of peaches. Proc Amer Soc Hortic Sci 71,
77-87.

BURGOS, L., 1991. Biologia floral de variedades de alba-
ricoquero (Prunus armeniaca L.). Doctoral Thesis. Uni-
versidad de Murcia.

BURGOS L., BERENGUER T., EGEA J., 1993. Self- and
cross-compatibility among apricot cultivars. HortScien-
ce 28, 148-150.

BURGOS L., BERENGUER T., EGEA J.,, 1995. Embryo-
sac development in pollinated and non-pollinated flowers
of two apricot cultivars. J Hortic Sci 70, 35-39.

BURGOS L., EGEA J., 1993. Apricot embryo-sac develop-
ment in relation to fruit set. J Hortic Sci 68, 203-208.

BURGOS L., EGEA J.,, 2001. Inheritance of male sterility
in apricot. Int J Hort Sci 7, 12-14.

BURGOSL., EGEAJ.,, DICENTAF,, 1991. Effective polli-
nation period in apricot (Prunus armeniaca, L.) varieties.
Ann Appl Biol 119, 533-539.

BURGOS L., EGEA J., GUERRIERO R., VITI R., MON-
TELEONE P, AUDERGON J.M., 1997a. The self-com-
patibility trait of the main apricot cultivars and new se-
lections from breeding programmes. J Hortic Sci 72,
147-154.

BURGOS L., LEDBETTER C.A., 1994. Observations
on inheritance of male sterility in apricot. HortScience
29, 127.

BURGOS L., LEDBETTER C.A., PEREZ-TORNERO O.,
ORTIN-PARRAGA F., EGEA J., 1997b. Inheritance of
sexual incompatibility in apricot. Plant Breeding 116,
383-386.

BURGOS L., PEREZ-TORNERO O., BALLESTERJ., OL-
MOS E., 1998. Detection and inheritance of stylar ribo-
nucleases associated with incompatibility alleles in apri-
cot. Sex Plant Reprod 11, 153-158.

CETA, 1990. Louest Américain. L’abricotier. L’ Arboricul-
ture Fruitiére 426, 55-58.

CAPPELLINI P, LIMONGELLI F, 1981. Indagine
sull’autofertilita delle piu importanti cultivar di albicocco
vesuviane. Ann Ist Sper Fruttic XII, 47-55.

CERTAL A.C., ALMEIDA R.B., BOSKOVIC R., OLIVEI-
RA M.M., FEIJO J.A., 2002. Structural and molecular
analysis of self-incompatibility in almond (Prunus dul-
cis). Sex Plant Reprod 15, 13-20.



Flower biology in apricot 239

CHANNUNTAPIPAT C., WIRTHENSOHN M., RAMESH
S.A., BATLLE I., ARUS P., SEDGLEY M., COLLINS
G.G., 2003. Identification of incompatibility genotypes in
almond (Prunus dulcis Mill.) using specific primers based
on the introns of the S-alleles. Plant Breeding 122, 164-168.

CRANE M.B., BROWN A.G., 1937. Incompatibility and ste-
rility in the sweet cherry (Prunus avium, L). J Pomol 15,
86-116.

CROSSA-RAYNAUD P, 1961. Situation de la production
de I’abricotier en Europe et Afrique du Nord. In: Journées
Nationales de I’ Abricotier at Perpignan. Ed Menard,
Toulouse, pp. 53-54.

DE NETTANCOURT D., 1972. Self-incompatibility in ba-
sic and applied researches with higher plants. Gen Agr
26, 163-216.

DICENTAF, GARCIA J.E., 1993. Inheritance of self-com-
patibility in almond. Heredity 70, 313-317.

DICKINSON H.G., 1995. Dry stigmas, water and self-in-
compatibility in Brassica. Sex Plant Reprod 8, 1-10.

EATON G.W.,, 1959. A study of the megagametophyte in
Prunus avium and its relation to fruit setting. Can J Plant
Sci 39, 466-476.

EATON G.W.,, JAMONT A.M., 1964. Embryo sac develop-
ment in the apricot, Prunus armeniaca L. cv. ‘Constant’.
J Am Soc Hortic Sci 86, 95-101.

EGEA J., BURGOS L., 1992. Effective pollination period
as related to stigma receptivity in apricot. Sci Hortic-Ams-
terdam 52, 77-83.

EGEA J., BURGOS L., 1993. Produccion de polen y auto-
polinizacion en albaricoquero (Prunus armeniaca L.).
Proc. of Il Rencontres sur I’abricotier Avignon (France),
27-31 May 1991. (Audergon J.M., ed). Ed Commission
des Communautés Européennes. Montfavet, pp. 21-29.

EGEA J.,, BURGOS L., 1994. Year-to-year variation in the de-
velopmental stage of the embryo sac at anthesis in flowers
of apricot (Prunus armeniaca L.). J Hortic Sci 69, 315-318.

EGEA J., BURGOS L., 1995a. Double kerneled fruits in al-
mond (Prunus dulcis, Mill.) as related to pre-blossom
temperatures. Ann Appl Biol 126, 163-168.

EGEA J.,, BURGOS L., 1995b. Supernumerary ovules in
flowers of apricot. Acta Hort 384, 373-377.

EGEA J., BURGOS L., 1996. Detecting cross-incompatibi-
lity of three North American apricot cultivars and esta-
blishing the first incompatibility group in apricot. J Am
Soc Hortic Sci 121, 1002-1005.

EGEA J.,, BURGOS L., 1998. Fructification problems in
continental apricot cultivars growing under Mediterra-
nean climate. Ovule development at anthesis in two cli-
matic areas. J Hortic Sci Biotech 73, 107-110.

EGEA J., BURGOS L., GARCIA J.E., EGEA L., 1991a.
Stigma receptivity and style performance in several apri-
cot cultivars. J Hortic Sci 66, 19-25.

EGEA J., BURGOS L., ZOROA N., EGEA L., 1992. In-
fluence of temperature on the in vitro germination of
pollen of apricot (Prunus armeniaca L.). J Hortic Sci
67(2), 247-250.

EGEA J., DICENTAF, BURGOS L., 2004a. ‘Rojo Pasion’
apricot. HortScience (In Press).

EGEA J., DICENTAF.,, MARTINEZ-GOMEZ P, BURGOS
L., 2004b. ‘Selene’ apricot. HortScience (In Press).

EGEA ., GARCIA JE.,EGEAL.,BERENGUERT., 1991b.
Self-incompatibility in apricot cultivars. Acta Hort 293,
285-293.

FORINO L.M.C., TAGLIASACCHI S., AVANZI S., 1987.
Embryo-sacs frequency in ovules of abscission affected
fruits in Malus domestica Borkh. Adv Hort Sci 1, 65-67.

FRANKEL R., GALUN E., 1977. Pollination mechanisms,
reproduction and plant breeding. In: Monographs on
theoretical and applied genetics, 2. Ed Springer-Verlag,
Berlin-Heidelberg-New York,

FURUKAWAYY., BUKOVAC M.J., 1989. Embryo sac deve-
lopment in sour cherry during the pollination period as
related to fruit set. HortScience 24, 1005-1008.

GALIMBERTI P, MARRO M., YOUSSEF J., 1987. Perio-
do utile d’impollinazione in Actinidia chinensis (Planch).
Riv Frutt 1, 51-54.

GARCIA JE.,,EGEA J.,, EGEA L., BERENGUERT., 1988.
The floral biology of certain apricot cultivars in Murcia.
Adv Hort Sci 2, 84-87.

GLUCINA P.G., BRISTOL R.W., LEWIS 1.K., 1988. Clu-
thagold: A promising new late season apricot. Orchardist
of New Zealand 61, 37

GLUCINA P.G., HOSKING G., MILLS R., 1990. Evalua-
tion of apricot cultivars for Hawke's Bay. The Orchardist
2,21-25.

GONZALEZ M.V,, COQUE M., HERRERO M., 1995. Stig-
matic receptivity limits the effective pollination period in
kiwi fruit. J Am Soc Hortic Sci 120, 199-202.

GUERRERO-PRIETO V.M., VASILAKAKIS M.D., LOM-
BARD P.B., 1985. Factors controlling fruit set of “‘Napo-
leon’ sweet cherry in western Oregon. HortScience 20,
913-914.

GULCAN R., ASKIN A., 1991. A research on the reasons
of unfruitfulness of Prunus armeniaca cv. Tokaloglu. Ac-
ta Hort 293, 253-257.

HENDRICKSONA.H., VEIHMEYER F.J., 1950. Irrigation ex-
periment with apricots. Proc Amer Soc Hortic Sci 55, 1-10.

HERRERO M., 1983. Factors affecting fruit set in ‘Agua de
Aranjuez’ pear. Acta Hort 139, 91-96.

HERRERO M., 1992. From pollination to fertilization in
fruit trees. Plant Growth Regul 11, 27-32.

HERRERO M., 2000. Changes in the ovary related to
pollen tube guidance. Ann Bot 85, 79-85.

HERRERO M., 2001. Ovary signals for directional pollen
tube growth. Sex Plant Reprod 14, 3-7.

HERRERO M., HORMAZA J.1., 1996. Pistil strategies con-
trolling pollen tube growth. Sex Plant Reprod 9, 343-347.

HESLOP-HARRISON J., 1975. Incompatibility and the
pollen-stigma interaction. Ann Rev Plant Physiol 26, 403-425.

HIRATSUKA S., 1992. Characterization of an S-allele as-
sociated protein in Japanese pear. Euphytica 62, 103-110.

HIRATSUKA S., OKADAYY., 1995. Some properties of a
stylar protein associated with self-incompatibility ge-
notype of Japanese pear. Acta Hort 392, 257-264.

HIRATSUKAS., OKADAY., KAWAIY., TAMURAF,, TA-
NABE K., 1995. Stylar basic proteins corresponding to 5



240 L. Burgos et al. / Span J Agric Res (2004) 2 (2), 227-241

self-incompatibility alleles of Japanese pears. J Jpn Soc
Hortic Sci 64, 471-478.

HIRATSUKA S., ZHANG S.L., NAKAGAWA E., KAWAI
Y., 2001. Selective inhibition of the growth of incompa-
tible pollen tubes by S- protein in the Japanese pear. Sex
Plant Reprod 13, 209-215.

JANSSENS G.A., GODERIS I.J., BROEKAERT W.F.,, BRO-
OTHAERTS W, 1995. A molecular method for S-allele
identification in apple based on allele-specific PCR.
Theor Appl Genet 91, 691-698.

JAUMIEN F., 1968. The causes of poor bearing of pear
trees of the variety ‘Doyenne du Comice’. Acta Agrobota-
nica XXI, 75-106.

LAMBR.C., STILESW.C., 1983. Apricots for New York sta-
te. New York Food and Life Sciences Bulletin 100, 1-4.
LEDBETTER C.A., 1994. Notice to fruit growers and nur-
serymen relative to the naming and release of the Helena
apricot cultivar. Cultivar release notice, A.R.S. (U.S.D.A.).

LEDBETTER C.A., 1998. Notice to fruit growers and nur-
serypersons of the release of Lorna apricot. Cultivar re-
lease notice, A.R.S. (U.S.D.A)).

LEDBETTER C.A., 2002. Notice to fruit growers and nur-
serypersons of the release of Apache apricot. Cultivar re-
lease notice, A.R.S. (U.S.D.A)).

LEDBETTER C.A., 2003. Notice to fruit growers and nur-
serypersons of the release of Nicole apricot. Cultivar re-
lease notice, A.R.S. (U.S.D.A)).

LEDBETTER C.A., RAMMING D.W.,, 1997. Apricot cv. Ro-
bada. Application no. 502,516. Plant patent No. 9,890 USA.

LEGAVE J.M., 1975. La differenciation du bourgeon a fleur
et le repos hivernal chez I'abricotier (Prunus armeniaca
vulgaris). La Pomologie Francaise 17, 150-168.

LEGAVE J.M., 1978. Aspects of floral necrosis before flo-
wering in Apricot. Ann Amelior Plantes 28, 333-340.

LEGAVE J.M., GARCIA G., MARCO F, 1982. Some des-
criptive aspects of drops process of flower buds, or young
flowers observed on apricot tree in south of France. Acta
Hort 121, 75-83.

LILLECRAPP A.M., WALLWORK M.A., SEDGLEY M.,
1999. Female and male sterility cause low fruit set in a
clone of the “Trevatt’ variety of apricot (Prunus arme-
niaca). Sci Hortic-Amsterdam 82, 255-263.

MARRO M., 1976. Richerche sulla evoluzione del sacco
embrionaie del melo ‘Richard’ nel corso della fioritura.
Riv Ortoflorofrutt It 60, 185-198.

MARTINEZ-TELLEZ J., CROSSA-RAYNAUD P, 1982. Con-
tribution & I’étude du processus de la fécondation chez trois
especes de Prunus: P. persica (L.) Batsch., P. cerasifera
Ehrh., P. mahaleb L. grace a I’utilisation de couples de
variétés male-stériles et male-fertiles. Agronomie 2, 333-340.

MATTON D.P., NASS N., CLARKE A.E., NEWBIGIN E.,
1994. Self-Incompatibility: How plants avoid illegitima-
te offspring. P Natl Acad Sci USA 91, 1992-1997.

MAU S.L., RAFF J., CLARKE A.E., 1982. Isolation and
partial characterization of components of Prunus avium
L. styles, including an antigenic glycoprotein associa-
ted with a self-incompatibility genotype. Planta 156,
505-516.

MEHLENBACHER S.A., COCIU V., HOUGH L.F, 1991.
Apricots (Prunus). In: Genetic resources of temperate
fruit and nut crops (Moore J.N., Ballington J.R., eds). In-
ternational Society for Horticultural Science, Wagenin-
gen, pp. 65-107.

MONET R., BASTARDY., 1971. Effets d’une température
modérément élevée: 25°C, sur les bourgeons floraux du
pécher. Physiol Vég 9, 209-226.

NYEKI J., SZABO Z., 1995. Cross-incompatibility in sto-
ne fruits. Hortic Sci 28, 23-31.

OKIEW.R., WERNER D.J., 1996. Genetic influence on flo-
wer bud density in peach and nectarine exceeds that of
environment. HortScience 31, 1010-1012.

PIMIENTAE., POLITOVS., 1982. Ovule abortion in ‘Non-
pareil” almond (Prunus dulcis [Mill.] D.A. Webb). Am J
Bot 69, 913-920.

PIMIENTA E., POLITO V.S., 1983. Embryo sac develop-
ment in almond (Prunus dulcis [Mill.] D.A. Webb) as af-
fected by cross-, self- and non-pollination. Ann Bot 51,
469-479.

RALLO L., MARTIN G.C., LAVEE S., 1981. Relationship
between abnormal embryo sac development and fruitful-
ness in olive. J Am Soc Hortic Sci 106, 813-817.

RAMMING D.W., TANNER 0., 1978. ‘Castlebrite” apricot.
HortScience 13, 485.

RODRIGO J., HERRERO M., 2002. Effects of pre-blossom
temperatures on flower development and fruit set in apri-
cot. Sci Hortic-Amsterdam 92, 125-135.

ROMERO C., VILANOVA S., SORIANO J.M., BURGOS
L., LLACER G., BADENES M.L., 2003. Analisis de la
estructura gendmica del locus S en Prunus armeniaca L.
Identificacion y secuenciacion de dos alelos S. Actas de
Horticultura 39, 167-168.

SAGET.L.,BERTINR.I., WILLIAMS E.G., 1994. Ovarian
and other late-acting self-incompatibility systems. In:
Genetic control of self-incompatibility and reproductive
development in flowering plants (Williams E.G.,
Clarke A.E., Knox R.B., eds). Ed Kluwer, Dordrecht,
pp. 116-140.

SAKURAI K., BROWN S.K., WEEDEN N.F,, 1997. Deter-
mining the self-incompatibility alleles of Japanese apple
cultivars. HortScience 32, 1258-1259.

SAKURAI K., BROWN S.K., WEEDEN N.F., 2000. Self-
incompatibility alleles of apple cultivars and advanced
selections. HortScience 35, 116-119.

SANZOL J., HERRERO M., 2001. The «effective polli-
nation period» in fruit trees. Sci Hortic-Amsterdam 90,
1-17.

SANZOL J., RALLO P, HERRERO M., 2003. Asynchro-
nous development of stigmatic receptivity in the pear
(Pyrus communis, Rosaceae) flower. Am J Bot 90, 78-84.

SASSA H., HIRANO H., IKEHASHI H., 1992. Self-in-
compatibility-related RNases in styles of Japanese pear
(Pyrus serotina Rehd). Plant Cell Physiol 33, 811-814.

SASSA H., HIRANO H., IKEHASHI H., 1993. Identifica-
tion and characterization of stylar glycoproteins associa-
ted with self-incompatibility genes of Japanese pear,
Pyrus serotina Redh. Mol Gen Genet 241, 17-25.



Flower biology in apricot 241

SASSA H., MASE N., HIRANO H., IKEHASHI H., 1994.
Identification of self-incompatibility-related glycopro-
teins in styles of apple (Malus x domestica). Theor Appl
Genet 89, 201-205.

SCHULTZ J.H., 1948. Self-incompatibility in apricots. J Am
Soc Hortic Sci 51, 171-174.

SETH J.N., KUKSAL R.P,, 1977. A note on the causes of
poor fruit setting in apricot variety Charmagz. Progres-
sive Horticulture 9 (2), 39-42.

SONNEVELDT., ROBBINS T.P,, BOSKOVIC R., TOBUTT
K.R., 2001. Cloning of six cherry self-incompatibility
alleles and development of allele-specific PCR detection.
Theor Appl Genet 102, 1046-1055.

STOSSER R., ANVARI S.F., 1982. On the senescence of
ovules in cherries. Sci Hortic-Amsterdam 16, 29-38.
SZABO Z., NYEKI J., 1991. Blossoming, fructification and

combination of apricot varieties. Acta Hort 293, 295-302.

TAMURA M., USHIJIMA K., SASSA H., HIRANO H.,
TAO R., GRADZIEL T.M., DANDEKAR A.M., 2000.
Identification of self-incompatibility genotypes of almond
by allele-specific PCR analysis. Theor Appl Genet 101,
344-349.

TAO R., HABU T.,, NAMBA A., YAMANE H., FUYUHIRO
F., IWAMOTO K., SUGIURA A., 2002a. Inheritance of
S-f-RNase in Japanese apricot (Prunus mume) and its
relation to self-compatibility. Theor Appl Genet 105, 222-228.

TAO R., HABU T., YAMANE H., SUGIURA A., 2002b.
Characterization and cDNA cloning for S-f-RNase, a mo-
lecular marker for self-compatibility, in Japanese apricot
(Prunus mume). J Jpn Soc Hortic Sci 71, 595-600.

TAO R., HABU T., YAMANE H., SUGIURA A., INAMO-
TO K., 2000. Molecular markers for self-compatibility
in Japanese apricot (Prunus mume). HortScience 36,
1121-1123.

TAO R., YAMANE H., SASSA H., MORI H., GRADZIEL
T.M., DANDEKAR A.M., SUGIURA A, 1997. Identifi-
cation of stylar RNases associated with gametophytic self-
incompatibility in almond (Prunus dulcis). Plant Cell
Physiol 38, 304-311.

TAO R., YAMANE H., SUGIURA A., MURAYAMA H.,
SASSA H., MORI H., 1999. Molecular typing of S-alle-
les through identification, characterization and cDNA clo-
ning for S-RNases in sweet cherry. J Am Soc Hortic Sci
124, 224-233.

THOMPSON M.M., LIU L.J., 1973. Temperature, fruit set
and embryo sac development in ‘Italian’ prune. JAm Soc
Hortic Sci 98, 193-197.

TOMER E., GOTTREICH M., GAZIT S., 1976. Defective
ovules in avocado cultivars. J Am Soc Hortic Sci 101,
620-623.

TOMIMOTOY., NAKAZAKIT., IKEHASHI H., UENO H.,
HAYASHI R., 1996. Analysis of self-incompatibility-re-
lated ribonucleases (S- RNases) in two species of pears,
Pyrus communis and Pyrus ussuriensis. Sci Hortic-Ams-
terdam 66, 159-167.

URIU K., 1964. Effect of post-harvest soil moisture deple-
tion on subsequent yield of apricots. Proc Amer Soc Hor-
tic Sci 84, 93-97.

VACHUN Z., 1981. Etude de quelques proprietés morpho-
logiques et physiologiques du pollen d’abricotier. Ger-
mination et croissance des tubes polliniques a basses tem-
peratures. Acta Hort 85, 387-417.

VAN GASTEL, A.J.G., 1976. Mutability of the self-incom-
patibility locus and identification of the S-bearing chro-
mosome in Nicotiana alata. Doctoral Thesis. Wageningen.

VILANOVA S., ROMERO C., ABERNATHY D., BURGOS
L., LLACER G., ABBOTT A, BADENES M.L., 2003.
Construction and application of a bacterial artificial chro-
mosome (BAC) library of Prunus armeniaca L. for the
identification of clones linked to the self-incompatibility
locus. Mol Gen Genomics 269, 685-691.

VITIR., MONTELEONE P, 1991. Observations on flower
bud growth in some low yield varieties of apricot. Acta
Hort 293, 319-326.

WERNER D.J., CRELLER M.A., 1997. Genetic studies in
peach: Inheritance of sweet kernel and male sterility. J
Am Soc Hortic Sci 122, 215-217.

WIERSMA PA., WU Z., ZHOU L., HAMPSON C., KAP-
PEL F., 2001. Identification of new self-incompatibility
alleles in sweet cherry (Prunus avium L.) and clarifica-
tion of incompatibility groups by PCR and sequencing
analysis. Theor Appl Genet 102, 700-708.

WILLIAMS R.R., 1965. The effect of summer nitrogen ap-
plications on the quality of apple blossom. J Hortic Sci
40, 31-41.

WILLIAMS R.R., 1966. Pollination studies in fruit trees:
I11. The effective pollination period for some apple and
pear varieties. Rep Long Ashton Res Stn 1965, 136-138.

WILLIAMS R.R., 1970a. Techniques used in fruit set ex-
periments. In: Towards regulated cropping (Williams R.R.,
Wilson D., eds). Ed Grower Books, London, pp. 57-61.

WILLIAMS R.R., 1970b. Factors affecting pollination in
fruit trees. In: Physiology of tree crops (Luckwill L.L.,
Cutting C.V,, eds). Ed Academic Press, London, pp.
193-207.

WILLIAMS R.R., 1970c. An analysis of fruit-set determinants
in 1969. In: Towards regulated cropping (Williams R.R.,
Wilson D., eds). Ed Grower Books, London, pp. 11-22.

WILLIAMS R.R., BRAIN P, CHURCH R.M., FLOOK VA,,
1984. Flower receptivity, pollen transfer and fruit set va-
riations during a single flowering period of Cox’s Oran-
ge Pippin apple. J Hortic Sci 59, 337-347.

YAEGAKI H., SHIMADA T., MORIGUCHI T., HAYAMA
H., HAJIT., YAMAGUCHI M., 2001. Molecular charac-
terization of S-RNase genes and S-genotypes in the Ja-
panese apricot (Prunus mume Sieb. et Zucc.). Sex Plant
Reprod 13, 251-257.

YAMANE H., TAO R., MURAYAMA H., SUGIURA A,
2000. Determining the S-genotypes of several sweet
cherry cultivars based on PCR-RFLP analysis. J Hortic
Sci Biotech 75, 562-567.

ZUCCHERELLI S., TASSINARI P.,, BROOTHAERTS
W., TARTARINI S., DONDINI L., SANSAVINI S.,
2002. S-allele characterization in self-incompati-
ble pear (Pyrus communis L.). Sex Plant Reprod 15,
153-158.



