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ABSTRACT

The apricot genetic improvement programme performed in Romania between 1986-2006 included clearly formulated steps such as: wide
species information, gene bank development based on worldwide exchange of the biological material, widened genetic variability through
intra and interspecific hybrids, in vitro immature embryo research of interspecific hybrids from the Prunus genus, mutagenesis, genetic
study of different valuable combinations in F;, F,, backcross generation, pollen grain study of various apricot phenotypes, molecular
biology investigation, and tissue culture trials. Romania conserves a rich gene bank, including 655 apricot phenotypes originating from
North America, Australia, Asia, and Europe. The genetic variability induced by conventional methods demonstrates that apricot-tree
species still have genetic reserves for evolution. The reproductive barriers were overcome by the biotechnological methods applied after
the hybridisation of @ Prunus armeniaca x & Prunus persica, or @ Prunus persica x & Prunus armeniaca, saving immature embryos often
aborted in interspecific hybridisation due to nutritional non-compatibility. The genetic progress of the fruit quality characteristics resulted
from backcross methods and physical mutagenesis by the mutagenic agent ®Co 3000R. The electrophoretic investigation revealed
peroxidase cryoresistance in the Comandor genitor. Strong shoots were obtained from MS culture medium supplied with 2.0 pM indole-3-
butyric acid (IBA) + 2.0 uM benzylaminopurine (BAP) + 0.1 uM gibberellic acid (GAj), using meristem tips as initial explants. Shoot
elongation and caulogenesis were significantly improved in a medium prepared with depleted deuterium water instead of distilled water.
Heterosis was independent of the culture medium composition. The 1983-2006 breeding programme validated the following varieties:
‘Rares’, “Valeria’, ‘Carmela’, ‘Viorica’, ‘Nicusor’, ‘Adina’, ‘Alexandru’, ‘Bucovina’, ‘Siret’, ‘Atractiv’, ‘Dacia’, ‘Excelsior’, ‘Favorit’,
‘Comandor’, ‘Olimp’, ‘Tudor’, ‘Traian’, ‘Cristal’, ‘Danubiu’, ‘Auras’, ‘Fortuna’, ‘Orizont’, ‘Amiral’, ‘Augustin’.
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INTRODUCTION
Background to apricot culture and research

Known since ancient times, the apricot tree has been appre-
ciated and grown, without particular attention, on mountain
slopes in the temperate areas of Central Asia and China.

Apricot-tree culture is favourable in the latitudes of 35°
and 43° North, and heights of 700-1,500 m, with rainfalls
under 500 mm/year, and lowest temperatures of -33°C in
the cold areas. The continental climate records no tempera-
ture fluctuations. In Central Asia and Asia Minor, the apri-
cot tree grows at altitudes of 1,000-2,500 m (Lilleland 1935,
Loschnig and Passecker 1954).

Owing to its characteristics, the apricot tree is para-
mount in fruit-tree growing, and is renowned for the high
food value of its fruit.

The apricot tree is particularly interesting from a fruit-
tree growing viewpoint as it grows fast and yields fruit 3-5
years after planting; under favourable ecological conditions
and adequate culture technologies, it can reach high yields
each and every year (Bordeianu ef al. 1967; Bélan 1991).

The studies performed on important European and
American genetic apricot-tree collections, such as Yalta-
Ukraine, Montpellier and Avignon-France, Bucharest and
Constanta-Romania, Cacak-Yugoslavia, and Davis-USA,
have emphasised a large range of phenotypes and genotypes
originating from various geographic areas and recognizable,
among others, by their ecological adaptability (Couranjou
1975; Bailey and Hough 1977; Layne 1980; Balan 1991).

Many of the world cultivars come from local popula-
tions that are well adapted to their original places, although
their pedigree is unknown. In his 1989 apricot-tree mono-
graphy, F. Monastra reported that they held 15.7% of the
total described cultivars (Strada ef al. 1989).

All these apricot-tree phenotypes are a significant gene-
tic inheritance of the entire world despite their impossibility
of preservation in only one location and the requirements of
registration and patenting which limit free access to genetic
material of all the countries interested in developing apri-
cot-tree growing.

Only 30 (23%) of the cultivars registered by the Inter-
national Board for Plant Genetic Resources (IBPGR) are
available in the commercial plantations of the main apricot-
tree growing countries, i.e. France, Spain, Greece, Morocco
(Audergon 1995).

Apricot culture and research in Romania

Romania has long been concerned with apricot-tree grow-
ing. In 1871, 1. Hentescu published his work, "Pomology",
providing recommendations for the growing of four apricot-
tree varieties: ‘Ananas’, ‘Nancy’, ‘Muscatello’, ‘Violeta’
(the first two varieties still exist in the present fruit-tree col-
lections).

By the end of the 19™ century, there were several ex-sifu
apricot-tree collections in the nurseries of Bistrita Pietro-
asele and Visani; some varieties are still grown today in
some orchards in the apricot-tree growing areas: ‘De Breda’,
‘Luiset’, ‘Rozal’, ‘Cea mai buna de Ungaria’/‘Best of Hun-
gary’/.

In 1921, Nicola Krier created the first Romanian apri-
cot-tree varieties, still sparsely grown: ‘Dulci de Visani’
/*Sweet of Visani’/, ‘Tarzii de Bucuresti’/Early of Bucha-
rest’/ (Bordeianu ef al. 1964).

After 1950, Nicolae Constantinescu and his collabora-
tors, Vasile Cociu, Mircea Botez, Ecaterina Bumbac, set the
basis of the first systematic research for the creation of apri-
cot-tree varieties, implicitly concerned with the develop-
ment of the genetic resources (Cociu 1981).

Vasile Cociu continued these studies on an international
level between 1960-1980, his collaboration with Prof.
Hough from Rutgers University being among the most
memorable for the exchange of biological material and the
development of the apricot-tree genetic resources.
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After 1980, the activity was carried out even further by
Viorica Bélan and her collaborators at SCDP Béneasa
Bucuresti, and Elena Topor and her collaborators at SCDP
Valul lui Traian Constanta—Dobrogea, reaching from 62
apricot-tree phenotypes in 1980 to 518 phenotypes in 1990
and 655 phenotypes in 2003 (Cociu 1990; Bélan et al. 1993,
2006; Cociu 2006).

The preservation of the genetic resources resulted in
studies on the apricot-tree genetic variability with particular
focus on adaptability and quality, as well as the transmis-
sion of such hereditary traits as: flowering period and fruit
maturation, fruit shape, soluble dry matter content, vitamin
C content, fruit acidity, skin and pulp colour, resistance to
frost and diseases, as well as the substantiation of some
genetic-based improvement strategies (Balan 1993).

The improvement methods were diversified, resulting in
complex hybridisation between the best hybrids F;, SIB and
backcross hybridisation. Thus, a very large genetic diversity
was created, allowing gene combinations and recombina-
tions according to the aims of the studies.

The improvement strategies were based on the objec-
tives specific to every new phase, in close relation with the
objectives set in the most important fruit-tree research cen-
tres in: France (Couranjou J, Audergon JM), Italy (Bassi D,
Guerierro R), Greece (Karayannis I), Spain (Egea J, Burgos
L and Dicenta F), Turkey (Giilcan R).

Summary of world apricot biotechnology
advances

The in vitro micropropagation of the apricot can be an ef-
ficient method of obtaining healthy, pathogen-free — mainly
to Sharka — uniform plantlets, in a controlled environment,
as well as of in vifro conservation of the genetic resources.
The review of apricot genetics and biotechnology in Roma-
nia presents the most significant results obtained by differ-
ent Romanian research teams in comparison with other au-
thors’ relevant works.

In 1989, G. Marino obtained plant regeneration in P. ar-
meniaca and, by continuing his research, in 1993 he repor-
ted the importance of the carbon source on the multiplica-
tion rate, concluding that sorbitol (6.0%) gave better results
than sucrose (3.0%). Balla and Vertesy (1999) studied the
micropropagation of some Hungarian apricot genotypes, in
order to obtain virus-free plants and noticed the importance
of IAA (indole acetic acid) in the shoot elongation process.
Remarkable results in apricot micropropagation were ob-
tained by Pérez-Tornero et al. (1999, 2000), who success-
fully induced culture initiation starting from apical meri-
stems, cultivated on the basal medium QL (Quoirin and Le-
poivre 1977) or modified WPM (Lloyd and McCown 1981)
of different phytohormone concentrations, obtalmng the
best results on the mediums supplied with BA (N° -benzyl-
adenine) (1.78-3.11 uM). They also noticed the frequent
phenomenon of apical necrosis of the in vitro cultivated
Prunus. In the same year, Pérez-Tornero et al. (2000b) com-
municated the effects of BA (2.22-2.66 uM) on improving
caulogenesis and the stimulatory effects of IBA (indole-3-
butyric acid) (29.53 uM) and NAA (a-naphthaleneacetic
acid) (10.74 pM) on rhizogenesis. Pérez-Tornero et al.
(2006) also studied the effect of the explant origin on the in
vitro culture establishment in four cultivars, pointing out
that even the axillary shoots were significantly more conta-
minated than the meristems, the time to produce elongated
shoots was shorter and there were no differences in rooting
ability between the shoots micropropagated from meristems
and from axillary shoots. Koubouris and Vasilakakis (2006)
studied the factors that affect the rapid proliferation and
rooting in an apricot cultivar representative for Greece. In
order to obtain healthy plants, they used Na-cefotaxime, an
antibiotic, in the culture medium. To improve shoot induc-
tion, every two weeks they used subcultures in a medium
supplemented with 2.2 uM BA + 5.71 uM TAA, and for the
optimum root induction they used 19.6 uM IBA. Studying
the acclimatisation phase of Prunus sp. rootstocks, Rogalski
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et al. (2003) pointed out the significant effect of the IBA
treatment, genotype and genotype x IBA concentration
interaction, on the survival rate in P. armeniaca ‘Capde-
boscq’.

In Romania, research on the in vitro culture of the apri-
cot developed in the last ten years, focusing on cultivar and
hybrid micropropagation (Butic-Keul ez al. 2004; Corneanu
et al. 2006), interspecific (RP. armeniaca x 3P. persicum,
QP. persicum x 3P. armeniaca) immature embryo germi-
nation (Balan ef al. 1999), and rootstock micropropagation
(Popa et al. 2005). Different culture mediums and phyto-
hormone balances, the effects of some unconventional bio-
active substances (deuterium-depleted water, magnetic flu-
ids) were tested in order to increase micropropagation or
rooting rate.

Deuterium-depleted water (DDW) is defined as having
the deuterium content under 80 ppm, which, compared with
natural water, has 144 ppm. Recent research points out that
there is a correlation between the deuterium content in
water and DNA degradation. Cell ageing is connected to the
gradual accumulation of errors in DNA or the dysfunctional
DNA repairing mechanisms (Goodall 2003). In Robinia
pseudoacacia var. oltenica, the DDW concentration in the
culture medium had a significant effect on the shoot elon-
gation, as well as on the organogenesis processes (Corneanu
et al. 2006). Similar results were obtained by Butnaru et al.
(2001, 2004) in Chrysanthemum indicum and Radovet-
Salinski et al. (2004) in Coleus blumei.

Magnetic fluids (MF) are ultrastable colloidal suspen-
sions of ferro- and ferrimagnetic particles in different
liquids (water, petroleum, oleic acid, vitamins, a.o.). They
were initially used in physics and technics (aerospatial in-
dustry) and, after the year 1990, they were tested in biology
and medicine. The stimulative effect of magnetic fluids on
the development and almost on the in vitro rooting process
was reported by Corneanu et al. (2000, 2004, 2006), But-
naru et al. (1999) and Minea et al. (2003) in many species
of horticultural interest and, in the last years, also in woody
species (Robinia pseudoacacia, Prunus avium).

This review is structured into two distinct sections:
genetics of apricot tree in Romania and biotechnology of
apricot tree in Romania.

GENETICS OF APRICOT TREES IN ROMANIA

This section presents the research methods employed by the
authors of this review, as well as the results obtained from
the studies conducted by the corresponding author and the
interdisciplinary team, between 1980 and 2006, in
accordance with the internationally acknowledged scientists
and specialist literature in the field of apricot genetics

The apricot genetics and breeding programme in Roma-
nia included: cytogenetics, wide information on the species,
adaptability, genetic, physiological and biochemical charac-
teristics and traits, productivity, resistance to stable diseases,
initial genetic variability, preservation of genetic resources,
selection of genitors, widening genetic variability through
intra- and interspecificities, mutagenesis, cryoprotein stu-
dies and embryo collection, genetic studies on heredity
types and the genetic mechanisms referring to cytoplasmic
heredity, genetic transgression, heterosis effect, dominance
of some characteristics, segregation in F,, F, progenies,
backcross and V, mutants, study on microcultures and com-
petitive cultures of the most valuable apricot elites, and the
validation as varieties of the apricot trees that corresponded
to the breeding objectives.

Biological material for the study of initial genetic
variability, preservation of genetic resources,
selection of genitors

Devoted to the principle of evolution and preservation of
biodiversity, Romania conserves a rich gene bank in the
main areas: The Research Station for fruit tree growing
Béneasa-Bucharest, with 655 phenotypes, and The Research
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Station for fruit tree growing Constanta with 471 pheno-
types.

The apricot-tree phenotypes preserved derive from the
following geographic areas: North America (New Jersey-65,
Canada-58, California-74), Australia-6, Asia (China-23,
Middle Asia-2, Armenia-2, Iran-2), Europe (Romania-257,
France-25, Germany-4, Yugoslavia-10, Greece-3, The
Czech Republic and Slovenia-14, CSI-3, Italy-32, Ukraine-
10, Macedonia-52, Spain-2, Holland-2, Hungary-12, the
Republic of Moldova-5, Bulgaria-2).

Biological material for the study of induced
variability and various genetic mechanisms

The biological material for the study of induced variability
and various genetic mechanisms, and for the selection of
new phenotypes was obtained from intra- and interspecific
hybridisation, auto-fecundation, backcrossing, physical and
chemical mutagenesis, and in vitro cultures.

Hybridisation resulted in 9,000 intraspecific and 1,100
interspecific hybrids.

The genitors used were: ‘Comandor’ standard, V2- 56
‘Comandor’, ‘Excelsior’, ‘Dacia’, ‘Sirena’, ‘Selena’,
‘Olimp’, ‘Sulina’, ‘Litoral’, 77.3.52BV, ‘Valeria’, ‘Rares’,
‘Carmela’, ‘Viorica’, ‘Favorit’, ‘Mamaia’, ‘Rosii de Bane-
asa’, ‘Red of Baneasa’, ‘Sirena’, ‘Sulina’, ‘Patriarca tem-
prano’, ‘Early Orange’, ‘Goldrich’, ‘Harcot’, ‘HW 407’,
‘Skaha’, ‘Sungold’, ‘Sunglo’, “Vivagold’, 630203, ‘Wenat-
chee’, ‘Blenryl’, ‘Harogem’, ‘Sundrop’, ‘Stella’, ‘Riland’,
‘Kinred’, NJA 58, NJA 25, ‘Goldrich’, ‘Ksongady Magyar
Kayszi’, ‘Salah’, B12/6, NJA13, ‘Farmingdale’, NJA 20,
‘Steaua Rosie’, ‘Red Star’, ‘Cais trandafiriu’, ‘Rosy Apri-
cot-tree’, Marculesti 19, B 28/2, CR 2-63, ‘ReUmberto’ F,,
83.15.23 BI The auto-fecundation of the phenotypes
‘Comandor’, ‘Olimp’, ‘Selena’, ‘Sulina’, ‘Litoral’ resulted
in 15-82 C; descendant. Within hybrid families, 15-230 des-
cendants F, were obtained. Backcrossing resulted in 120
descendants. Physical mutagenesis used the mutagenic
agent %9C,3000R, and resulted in 140 V, ‘Comandor’ mu-
tants. Chemical mutagenesis used the mutagenic agent
hydroxyl amine, and resulted in 20 M; ‘Olimp’ individuals.
1100 hybrids resulted from the in vitro saving of immature
embryos.

Statistical data processing

The data resulted from the studies conducted below were
statistically processed for the following characteristics: tree
height, crown height, crown diameter on the row and per-
pendicular to the row, trunk diameter on the row and per-
pendicular to the row, trunk-section surface, the ramifica-
tion angle of the mother branches, the length and number of
the annual shootlets per one metre of mother branch, the
number of foreseen shootlets per fruit tree, the length of the
two-year old branches per one metre of mother branch, fruit
cluster formation, leaf surface per offshoot, respiration and
photosynthesis intensity, the attack degree of some specific
diseases, the free and bound water content, the carbon hyd-
rates content of one-year old shootlets (both in the dormant
and vegetative stages), the percentage of damaged and dead
buds, the biometric elements of the fruit, the soluble dry
matter content, the vitamin C content.

As the studied quantitative characteristics were expec-
ted to have the highest phenotypical value, sampling (ave-
rage samples) was performed on more than 10 and less than
50 individuals from each tested population. Research in the
quantitative genetics and statistical analysis of fruit trees in
the US (West Lafayette), cherry tree in California, apricot
tree in France and Romania, peach tree in France, genetic-
ally resistant plants in France and Romania, and horticultu-
ral plants in Romania, had previously reported that this type
of sampling was sufficient to provide objective proof: Cra-
ciun (1981), Lapins (1983), Hansche et al. (1975), Ceapoiu
(1968,1980), Couranjou (1975, 1989), Monet (1967, 1977),
Monet and Bastard (1971, 1982), Pena (1986), Cociu and
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Oprea (1989), Bélan (1991); Balan et al. (2006).

The measurement tools and devices were unchanged for
all the sampled individuals and samples.

To analyse the variability of the studied traits and cha-
racteristics, it was agreed, according to the genetic experi-
mental techniques, that the s% value of 0-10 refers to low
variability, the interval 10-20 refers to average variability,
and values over 20 refer to high variability. Environmental
variance (Vg), calculated according to the Nokorinthop for-
mula, was used to emphasise the influence of the environ-
ment on the phenotype.

Ve= 1/3(52P1 + s2Pz+ sQFl) is the average between the
parents and the generation F.

Genetic variance is the genotype variance, and was cal-
culated according to the formula:

V= Vp-Vg, where V; is total variance, or the F, vari-
ance.

Heritability was calculated according to the formula
W’=Vi/Vy.

The difference between the parental arithmetic means
and the arithmetic means of the descendants F,, F,, C;, V,
and M, was calculated.

Genetic studies conducted on apricot in Romania
Apricot-tree cytogenetics

The chromosomal set known until the present is 2n = 16
(Darlington 1945; Béalan 1991). Fig. 1 shows the chromo-
somal set present in the mitotic metaphase of active apricot-
tree rootlets of Armeniaca vulgaris, hybrid ‘88.4.11 BI.
The meiotic divisions observed in several apricot-tree
varieties and hybrids showed no anomaly, which reflects the
safe descendant transmission of some parental traits, i.e.
their genetic continuity. Fig. 2 shows that the meiotic divi-
sions (diakinesis to prophase 1, metaphase 1, anaphase 1,

Fig. 1 Chromosomes in mitotic metaphase in apricot.

telophase 1 and metaphase 2, anatelophase 2) were normal
in the descendant hybrid ‘88.4.11 BI’. The display of chro-
mosomes followed the Salesses method (1988).

Initial and induced variability, heredity type and
genetic mechanisms of descendant trait
transmission

The research methods and results refer to the initial and
induced variability, the heredity type and the genetic
mechanisms of descendant trait transmission: vegetative
growth, morphological characteristics, certain physiological
characteristics, frost resistance and wintering, behaviour
under the main pathogen attacks — as elements of apricot-
tree adaptability in the studied areas, production traits and
fruit quality.

Variability of vegetative growth

The methods included in this sub-section had been
previously established and used by the authors: Craciun et
al (1978), Cociu (1969), Couranjou (1975), McLean and
Rasmussen (1980), Renaud (1980), Bassi (1990), Bassi et al.
(1995), Balan (1991), Dejampour and Zeinalabedini (2006).

The following characteristics were recorded in the col-
lection-preserved material, parents, hybrid descendants, CI
crossbred descendants, backcross descendants, V, and M;
mutants, both in the juvenile and maturity stages: tree
height, crown height, crown diametre on the row, crown
diameter perpendicular to the row, trunk diameter perpen-
dicular to the row, trunk diameter on the row, trunk cross-
section surface.

Tree height, crown height, crown diameter and
crown volume

The traits — tree height, crown height, and crown diameter
on the row and perpendicular to the row — were calculated
with respect to their heritability.

The crown volume is characteristic for each phenotype,
as the result of crown diameter and its height, calculated
under conditions of free crown growth..The crown volume,
measured in m’, was calculated based on the Sarger for-
mula: V="%(D+d) x H x 0.416, where D = crown diameter
on the row, d = crown diameter perpendicular to the row,
and H = crown height. Calculations also included the initial
and induced variability of the crown volume, and the cor-
relation between its components; genetic analysis was per-
formed on the crown shape, as well as the assessment of
descendant selection of the apricot-trees that had a low
crown volume in their juvenile phase and were likely to
maintain it during their entire life.

The trunk diameters on the row and perpendicular to the

Fig. 2 Meiotic divi-
sions in hybrid des-
cendant 88.4.11.BI.
Diakinesis to prophase
1, metaphase 1, ana-
phase 1, telophase 1
(top); Metaphase 2,
anaphase 2, anatelo-
phase 2 (bottom).
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Table 1 Heritability of tree height in apricot tree.

Hybrid family No. of descendants Vp Ve Ve H?
M m/% m/%

Comandor x Excelsior 15 1.91 1.01/53 0.91/47 0.48

Excelsior x Comandor 18 2.05 1.06/52 0.99/48 0.48

Comandor x Dacia 22 343 1.73/51 1.70/49 0.49

Comandor x 77.3.52BV 12 1.66 0.94/57 0.72/43 0.43

Excelsior x Goldrich 50 1.91 1.0/53 0.91/47 0.48

row, measured in cm, were calculated in all fruit-trees, 50
cm above the soil surface.

The trunk-section surface was calculated using the fol-
lowing formula: 7 x 1/4(D+d)* The growth rate of the trunk
surface, i.e. the trunk thickness as a component of the fruit-
tree Vigour, was a selection criterion for the low-vigour phe-
notypes, together with the crown volume.

The following studies were conducted by Viorica Balan,
Elena Topor, Valerica Tudor and collaborators (1986-2006).
They resulted in collection-preserved phenotypes in which
the tree height varied between 3.0 m in the elite 77.3.52.
BV-Romania, and 5.6 m in the following varieties: ‘Cea
mai bund de Ungaria’/‘Best of Hungary’/-Hungary, ‘Su-
lina’-Romania, and ‘Sungold’-America. The amplitude of
variation was 2.6 m, whereas the average height of all phe-
notypes was 4.8 m. 6% of the phenotypes were shorter than
the average of all the preserved phenotypes. In the maturity
period (seven years after planting), the amplitudine of the
initial variation in tree height allowed the selection of short
genitors which were employed for the genetic study of this
trait. The height variability of the hybrid descendants be-
longing to Q@Excelsior x 3Goldrich, QExcelsior x J'Co-
mandor, QComandor x J&Dacia, Comandor x 377.3.52
BV was average, as the variability coefficient s% varied
between limits (10.6-12.2) during the intense growth of the
descendants, i.e. between years 2 and 4 when fruition star-
ted. The variation limits of the tree height in the fourth year
of growth were 1.90 m in the descendant 83.8.16 BI (pa-
rents: @Comandor and dDacia), and 2.15 m in the descen-
dant 83.4.3 BI (parents: QComandor and & 77.3.52 BV). In
the phenotypical illustration of the tree height, out of the
total variance Vp, genetic variance Vg was between 43%
and 49%, while environmental variance Vg was somewhat
higher (between 51% and 57%). The heritability h* of the
tree height varied between 0.43 and 0.49, which reflects the
percentage of hybrid descendants inheriting the height of
their genitors (Table 1). 30-50% were short-height hybrid
descendants, and the maintenance of this trait during their
ontogenetic evolution of growth and development (years 2-
8), and the high value of the genetic variance Vg allowed
the phenotype-based selection of apricot-tree elites that
were shorter than their parents. On average, the hybrid
generation was distinctly taller than the parents. Cytoplas-
mic heredity was identified in the tree height trait where the
‘Excelsior’ variety was used as maternal genitor. In the
crossbred descendants C,, the tree height variability was
low in ‘Sirena’ C, (s% = 6.32) and ‘Selena’ C, (s% = 6.53),
and average in ‘Sulina’ C; (s% = 12.26) and ‘Litoral’ C; (s%
= 17.44). At a similar age, the crossbred descendants were
shorter than the hybrid descendants, with the following
limits: 0.40-1.45 m in year 2 compared with 1.20-1.90 m in
the hybrid descendants, and 0.75-1.50 m in year 3 com-
pared with 1.60-2.50 m in the same descendants. At a simi-
lar age (year 4), the average height of the mutants V,
‘Comandor’ (x = 2.3 m) and M, ‘Olimp’ (X = 2.55 m) was
very significantly distinct from the standard phenotypes
‘Comandor’ (x = 3.7 m) and ‘Olimp’ (X = 3.80 m). Cross-
breeding, physical (*°Co) and chemical (hydroxylamine)
mutagenesis resulted in descendants shorter than their com-
mon ancestor, either ‘Comandor’ or ‘Olimp’. There were in-
significant differences in the average between the crossbred

descendants C; ‘Comandor’ and V, ‘Comandor’, as well as
between C,; ‘Olimp’ and M, ‘Olimp’.
In the collection-preserved phenotypes, the crown
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heights varied between 2.4 and 4.8 m, the large diameter of
the crown between 3.2 and 5.5 m, and the crown volume
between 2.3 and 5.7 m’. In Romania the shortest height
(2.4 m) and width (3.2 m) of the crown was recorded in
77.3.52 BV. Also, narrow widths of the crowns were recor-
ded in the following phenotypes: ‘Dacia’ (3.5 m) in Roma-
nia, ‘Don Gaetano’ (4.2 m) in Spain, and ‘Canada 60012’
(4.2 m), ‘CR-2-63’ (4.0 m), ‘Manitoba’ (4.2 m), ‘Vivagold’
(3.9 m), and ‘Canada 6001’ (4.2 m) in the US. In the hybrid
descendants, the variations in crown height were low (s% =
9.61) in the Y Comandor x JdExcelsior family, or moderate
(s% = 14-16.5) in the other hybrid families. In year 4, the
crown height reached up to 2.3 m in 50-85% of descendants
of the studied hybrid families, excepting those of the 9 Co-
mandor X 377.3.52 BV family in which only 10% had this
height while the rest were taller than 2.3 m. The crown
volume ranged between narrow and average (10.8%) in the
QComandor x JExcelsior family, and large in the other
families. Cytoplasmic heredity occurred for crown size and
volume even if ‘Excelsior’ was the maternal genitor. The
genetic variance Vg for crown height, large crown diametre,
and narrow crown diametre was lower than the environ-
mental variance Vg in all the hybrid families under study;, i.e.
between 28% and 48% of the total variance. The improve-
ment value of crown height, large crown diameter, and nar-
row crown diameter was foreseen in 21-47% of cases, as
heritability varied between 0.27-0.47 for crown height,
0.21-0.40 for large crown diameter, and 0.25-0.33 for nar-
row crown diameter. In the crossbred descendants C,, the
smallest crown size and volume were recorded in ‘Sirena’
C, while the highest were recorded in ‘Olimp’ C;. The vari-
ation in crown height was low in ‘Selena’ C; (s% - 8.26),
very high in ‘Olimp’ C; (s% = 98.4), and average in the
following descendants: ‘Sirena’ C; (s% = 18.8), ‘Comandor’
C, (s% = 17.6), ‘Litoral’ C, (s% = 17.6).The large diameter
of the crown recorded low variations in ‘Selena’ C; (s% =
6.45), and very high variations in ‘Sirena’ C; (s% = 34.4)
and ‘Sulina’ C; (s% = 38.18). The narrow diameter of the
crown showed high variability, as the variability coefficient
s% was 25.2 in ‘Sirena’ C;, and 45% in ‘Comandor’ C;. For
the narrow crown diametre, distinctly significant differen-
ces were determined between the mean of the crossbred
descendants ‘Olimp’ C; and ‘Sulina’ C;, and the standard
phenotypes ‘Olimp’ and ‘Sulina’. For the crown volume,
the differences were distinctly significant between the
crossbred phenotype ‘Olimp’ and the standard phenotype
‘Olimp’, and very distinctly significant between the cross-
bred descendants C; and the standard phenotypes ‘Sirena’,
‘Selena’, ‘Comandor’ and ‘Litoral’. There was a large varia-
tion range in crown size and volume in the mutants V, ‘Co-
mandor’ and M, ‘Olimp’. In the relation between the stan-
dard phenotype ‘Comandor’ and the mutant phenotype V,
‘Comandor’, there were distinctly significant differences
between the average crown heights, and very distinctly sig-
nificant differences between the small diameters and vol-
umes of the crown. The significant differences of the ave-
rage crown size and volume between the standard pheno-
types ‘Comandor’ and ‘Olimp’, and the crossbred pheno-
types C; ‘Comandor’ and ‘Olimp’, as well as between the
same standard phenotypes and the mutant phenotypes V,
‘Comandor’ and M, ‘Olimp’, proved the efficient cross-
breeding and physical and chemical mutagenesis methods,
resulting in the creation of new low-vigour phenotypes. The
multiple regressions of the simultaneous influence on the
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Table 2 Partial correlations between the crown height, large crown
diametre, narrow crown diametre, and crown volume in the hybrid and
crossbred descendants C, of apricot tree
Grade-2 correlations  Partial correlation
coefficients ()

Correlation
signification highest r

rxyzw (H x D) -0.97 000
rxzyw (H x d) -0.81 0
rgzxw (D and d) -1.10 000
rxwzy (H and V) 0.81 X
rywzx (D and V) 0.27

rzwxy (d and V) 0.11

x = crown height (H); y = large diametre of crown (D); z = narrow diametre of
crown (d); w = crown volume (v) r (highest) 5% = 0.75; 1% = 0.87; 0.1% = 0.95.

three crown sizes of the hybrid, crossbred and mutant des-
cendants emphasise the existence of a significant positive
correlation between the crown height and the crown volume
r = 0.81, and an insignificant correlation between the large
diameter and the crown volume » = 0.27, and between the
narrow diameter and the crown volume » = 0.11. A very sig-
nificant negative correlation was evident between the crown
height (H) and its large diametre (D), and the large crown
diameter (D) and the narrow diameter (d) (Table 2).

Conclusions reveal that:

- For the height characteristics, VG=1/2VP (genetic
variance represents Y2 of total variance) the methods em-
ployed were: controlled hybridisation, inbreed by cross
breeding, and mutations by physical and chemical gene
mutation.

- For the crown shape characteristics, genetic recom-
bination was involved by controlled hybridisation.

Genetic analysis of crown shape

The dialelic hybridisation between the oval-shaped and flat-
shaped crown phenotypes resulted in descendants with three
types of crown shape: oval, flat, and round. The analysis of
the crown shape frequency in the hybrid descendants F,
pointed that no segregation rapport can be established for
this trait; consequently, the occurring non-parental flat
shape was not the result of new gene combinations but of
genetic recombinations. Thus, determinations regarding the
recombination probability (p), the gametes (Os, as, Oa, ss)
probability, phenotype frequency and, in the end, total
crossingovers and non crossingovers were performed on the
descendants from the following hybrid families: QExcelsior

Table 3 Genetic analysis of crown shape. (Viorica Balan)

(oval) x 3Goldrich (flat), QExcelsior (oval) x §'Comandor
(flat), QComandor (flat) x d'Excelsior (oval), @ Comandor
(flat) x 3dDacia (oval) QComandor (flat) x $77.3.52 BV
(oval) (Table 3). The analysis of the above data shows that
the non crossover-determined parental phenotypes can
occur with a frequency between 87% ($Excelsior x J'Co-
mandor) and 97% (9QExcelsior x $Goldrich and $Coman-
dor x d'Dacia). The frequency of the non crossover-deter-
mined non-parental phenotypes can range from 3% (QEx-
celsior % 6PGoldrlch and QComandor x &Dacia) to 13%
(PExcelsior x @ Comandor).

Trunk diametre and trunk section surface

The trunk diametres on the row and perpendicular to the
row, measured in cms, were calculated in all fruit-trees, 50
cm above the soil surface.

The trunk-section surface was calculated by using the
follwing formula: © x 1/4(D+d)* The growth rate of the
trunk surface, i.e. trunk thickness as a component of the
fruit-tree vigour, was a selection criterion for the low-vigour
phenotypes, together with the crown volume

The results revealed that, in the collection-preserved
phenotypes, the variation amplitude of the trunk section sur-
face was higher in the Romanian varieties, compared with
varieties from USA, Italy, France, Spain, and Asia Minor.
The selection 77.3.52 BV recorded the smallest surface of
the trunk section (69.4 cm®) whereas the Romanlan variety
‘Litoral” had the largest surface (147.3 cm?). The frequency
polygon of the trunk surface variation represents a pluri-
modal distribution with a slightly negative asymmetry,
which points to the heterogeneity of the biological material
under study. In the four-year old hybrid descendants, the
trunk section surface varied between 10.20-55.37 cm’. The
variation range was average for the trunks of the hybrid
descendants of QExcelsior x dComandor (s% = 10.7), and
QComandor x JdExcelsior (s% = 15), and high in the des-
cendants of QExcelsior x dGoldrich (s% = 29.09), ?Co-
mandor x 377.3.52 BV (s% = 33.9), and QComandor x
JdDacia (s% = 39.3). The configuration of the diagram and
the regression line pointed that there was no actual correla-
tion between the surface of the trunk section and the crown
volume, as the correlation coefficient was » = 0.58. The
crossbred descendants were characterised by significant dif-
ferences in the average surface of the trunk cross-section
compared with their ancestors: ‘Sirena’, ‘Selena’, ‘Olimp’,
‘Sulina’, ‘Comandor’, ‘Litoral’. The trunk section surface
of the phenotype C, ‘Comandor’ was significantly different

Hybrid family Oval Round  Flat p Gametes (Os, as Phenotype frequency Total Total non
% % % Oa, ss) probability (Os, Oa, as, ss) Cross overs cross overs

Y% Y% %

QExcelsior 77 19 4 0.04 0s/0.48 Os/73 3 97

oval x as/0.48 as/24

J'Goldrich 0a/0.02 0a/2

flat ss/0.02 ss/1

QExcelsior 28 56 16 0.16 0s/0.42 Os/66 13 87

oval x as/0.42 as/21

& Comandor 0a/0.08 0a/8.6

flat s$s/0.08 ss/4.4

QComandor 50 40 10 0.1 0s/0.45 Os/69 9 91

flat x as/0.45 as/22

JExcelsior 0a/0.05 0a/5

oval ss/0.05 ss/4

QComandor 50 45.5 4.5 0.04 0s/0.48 Os/73 3 97

flat x as/0.48 as/24

dDacia 0a/0.02 0a/2

oval $s/0.02 ss/1

QComandor 71.4 143 143 0.14 0s/0.43 Os/67.5 11 89

flat x as/0.43 as/21.6

471.3.52 BV 0a/0.07 0a/7.5

oval ss/0.07 ss/3.4
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from V, ‘Comandor’, i.e. it had lower vigour.

In conclusion, physical gene mutation and crossbreed-
ing, induced inbreed and mutation were involved for fruit-
tree vigour (crown shape and size, trunk-section surface).

Variability of some morphological characteristics

In this sub-chapter, we included methods that had been pre-
viously used by the authors: Decourtye (1967), Couranjou
(1975), Bailey and Hough (1977), Barlow (1980), Hansche
and Beres (1980), Sjujka-Lacza (1985), Bassi (1990), Béalan
(1991), Bassi et al. (1995), Balan (1999), Audergon et al.
(2006), Bassi and Audergon (2006), Costes et al. (2006),
Legave et al. (2006).

The research conducted by Viorica Balan and collabora-
tors in Romania is in accordance with the above-mentioned
literature.

The morphological characteristics that may provide new
phenotypes of higher values were studied with the aim of
contributing to further practical and scientific information
necessary to create new apricot-tree varieties that use solar
energy more efficiently in order to obtain high top-quality
yields and better adaptability to weather conditions.

The morphological characteristics studied by Viorica
Bélan and collaborators were: the ramification angle of the
mother branches, the length and number of the annual
shootlets per one metre of mother branch, the number of
foreseen shootlets per fruit-tree, the length of the two-year
old branches per one metre of mother branch, fruit cluster
formation, leaf surface per offshoot. Measurements were
performed on groups of three fruit-trees belonging to each
phenotype preserved in the collection, and on each indivi-
dual and family in the case of the hybrid, mutant, C;, F,,
and backcross populations.

The ramification angle of mother branches recorded
high variations in the hybrid descendants, as the variability
coefficient s% varied between 25.9% in the @ Comandor x
477.3.52 BV family, and 57.5% in the QExcelsior x
&Goldrich family. The adequate insertion angle of the
mother branches (40-50°) was recorded in 25% of the Y Ex-
celsior x 3Goldrich descendants, 35% of the QComandor x
JdDacia descendants, and in 40% of the @Comandor x
3177.3.52 BV descendants.

The number of annual shootlets per one metre of mother
branch varied widely in the hybrid descendants, the vari-
ation classes ranging from 10-95 in the first crown level,
12-99 in the second, and 12-108 in the third. Compared
with the genitors, some of the descendants recorded less
shootlets grown on one metre of mother branch, e.g. YEx-
celsior x d'Goldrich and QExcelsior x dComandor, while
others had the same number as their genitors, e.g. in 40% of
QComandor x JExcelsior and in 15% of @Comandor x
377.3.52.BV; however, no descendant had more shootlets
per one meter of mother branch. The length of the annual
shootlets per one metre recorded average variations, as il-
lustrated by the lowest limits of the variability coefficient,
s% = 14 in the QComandor x 377.3.52.BV descendants,
and s% = 33 in the QExcelsior x dComandor descendants.
The number of foreseen shootlets (shootlet/shootlet) varied
within 1-35 (in @Comandor x &'Dacia) and 1-22 (in 2Co-
mandor x 377.3.52.BV). The induced variability of the
foreseen shootles number varied widely, irrespective of the
level: lowest in the F; QExcelsior x d'Comandor descen-
dants (s% = 39), medium in the F; QComandor x 3Dacia
descendants (s% = 31), or highest, in the F; $Excelsior x
Jd'Dacia descendants (s% = 39).

The flowering branches per one metre of mother branch
recorded wide variations in number and length, both within
the same family and between families. The variation classes
for the number of flowering branches per one metre of
mother branch ranged between 1 and 50, while the branch
length was between 1 and 60 cm. The descendant transmis-
sion of the flowering branch type was studied, pointing to
the transgressive heredity of the characteristic, which al-
lowed the identification of some spur-branched hybrids F,
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(3-6 cm), particularly in the QExcelsior x J'Goldrich and
QExcelsior x dComandor families. The cytoplasmic here-
dity pf the maternal genitor ‘Excelsior’ was also empha-
sised for the descendant transmission of the flowering
branch type.

The distance of the fruting branch insertion on the mul-
tiannual branches varied between 1 and 50. The heredity of
the branch framework was transgressive, as the distance
between the fruiting branches was either longer or shorter in
the descendants, compared with their parents. The standard
distance between the branches was considered to be 5-10
cm.

The leaf surface per offshoot unit varied within 15-40
cm’ in the hybrid descendants, whereas the variability coef-
ficient ranged between 26.7 in the F; QExcelsior x JGold-
rich descendants and 34.8 in the F; QComandor x JExcel-
sior descendants.

The conclusions of this study reveal that:

- Very distinctly significant differences of the average
leaf surface were recorded between the ‘Excelsior’ and
‘Goldrich’ parents, as well as between these parents and
their F| descendants.

- Similar to the parents, the angle between the leaves
and the horizontal line in the descendants F; of the ‘Excel-
sior’, ‘Goldrich’, ‘Dacia’, 77.3.52BV phenotypes was either
30-45° or 60-90°, without exceeding 90°, which proved op-
timum for the best capture of solar energy.

- The ‘Excelsior’ phenotype showed its cytoplasmic
heredity in the descendant transmission of the leaf surface
trait.

- Genetic transgresion and cytoplasmic heredity were
involved by controlled hybridisation in the May-bunch and
spur-form fruit branches.

Apricot-tree adaptability

Flowering time, fruit maturity, and photosynthesis-
respiration

The methods included in this sub-chapter followed the spe-
cific methods for this field, presented in specialist literature,
such as: Couranjou (1975), Kuebemen et al. (1979), Hansen
and Ryngo(1979), (Bailey er al. (1983), Chang (1984),
Suranyi (1985), Dorobantu et al. (1986), Cociu at al (1985),
Loukas and Pontikis (1985), Audergon et al. (1988), Man-
ganaris (1989), Bassi (1990, 1999), Balan (1991), Badenes
et al. (2006), Burgos (1995), Geuna et al (2006), Muleo et
al. (2006), Paydas et al. (2006), Poessel et al. (2006), Struss
et al. (2006), Topor and Burtoiu (2006).

Adaptability is the capacity of the body to provide nor-
mal functioning of the vital and reproductible processes
under the action of the weather factors. In order to empha-
sise the adaptability level of the apricot-tree phenotypes,
observations and determinations were performed at the
beginning and end of both the flowering and fruit matura-
tion phases, in order to measure: the intensity of respiration
and photosynthesis, the two simultaneous and opposed
metabolic chains, the behaviour under conditions of frost
and wintering, and the attack of some specific diseases.

Flowering and fruit maturation. The temperature neces-
sary for the optimum fruition phenophases was calculated
by summing up the active temperatures over the biological
threshold (+6.5°C). It was considered that flowering began
when 10% of the flowers bloomed, and ended when 90% of
the flowers senesced, whereas fruit maturation was recor-
ded when 90% of the fruit had ripened. Determinations re-
ferred to the amplitude of variability, the heredity of flower-
ing, and the maturation of the fruit.

Respiration and photosynthesis intensity were deter-
mined in the phenotypes selected as genitors and the hybrid
descendants in 100 g plant material/hour, in two important
periods of time: 15 May-15 June, the time of the most in-
tense physiological processes; and 15-29 September, when
these processes slowed down.

The intensity of photosynthesis was determined by the
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Ivanov-Kosovici method based on the determination of the
cabon dioxide amount absorbed by the plants during photo-
synthesis, given a certain air volume. The CO, amount was
calculated according to the following formula: if = [(a-b) %
fx 0.9 x 60]/(g x t). The intensity of respiration was deter-
mined by the Boysen-Jensen formula based on the amount
of CO, released through respiration by the plant material.
The variation amplitude of these physiological characteris-
tics was determined in the parental phenotypes and their
hybrid descendants.

In this field, the results obtained by Viorica Balan and
collaborators in Romania showed that controlled hybridisa-
tion resulted in descendants F; that exceeded the variation
limits of the parental phenotypes, reflecting the transgres-
sive heredity of the flowering trait. The differences between
the descendants F resulted from the same parents (alterna-
tively used as mother and father), which pointed to the cyto-
plasmic heredity of the standard phenotypes ‘Comandor’
and ‘Excelsior’. The heredity of fruit maturation was illus-
trated by three cases: transgressive (7%) to very early (5-25
June), in the combination of Plate maturation x J'semi-
early maturation in @Comandor x JdDacia; dominant for
the early maturation of the father genitor, in the combina-
tion of Qlate maturation (August) x J'very early maturation
(June) in QComandor x 377.3.52 BV; and intermediary, in
the combination of Qaverage maturation x Jlate maturation
in @Comandor x JExcelsior and @Excelsior x & Comandor.

The photosynthesis-respiration balance, both during the
intensive growth of the shootlets and fruit, 15 May-15 June,
and during the inactive phase (quiescence), pointed to the
normal metabolism of the accumulated organic matter
available for the vital activities, which reflected the physio-
logical adaptation of the phenotypes selected as genitors, as
well as their descendants, in the areas under study, i.e. the
Romanian Plain and Dobrogea.

The results led to the following conclusions:

- Genetic transgressions and cytoplasmic heredity were
involved for the blooming time of apricot F; descendants.

- For fruit maturation, genetic transgressions, dominant
and intermediary heredity was involved by controlled hyb-
ridisation and induced gene mutations by physical mutage-
nesis.

Behaviour under conditions of frost and wintering

These traits were analysed according to the methods em-
ployed by: Hatch and Walker (1969), Hansche et al. (1972),
Richardson et al. (1974), Erez et al. (1979), Raming (1980),
Gilreath and Bouchanam (1981), Giulivo et al. (1983),
Guerriero ef al. (1985), Bilan and Ivascu (1989), Guerriero
et al. (2006), Pedryc et al. (2006), Rodrigo et al. (2006),
Ruiz et al. (2006).

There are numerous elements illustrating the resistance
or susceptibility of the collection-preserved apricot-tree
phenotypes, genitors and descendants in relation to low
winter temperatures and fluctuating temperatures recorded
at the end of winter and in spring time. Out of these ele-
ments, the determinations referred to: the free and bound
water content and the carbon hydrate content, both in the
dormant and vegetation stages, cryosusceptibility of malate
dehydrogenase and peroxydase in the buds that were natu-
rally exposed to frost during winter, and the percentage of
dead flower buds.

Initial and induced variabilities, the heredity and genetic
mechanisms of this characteristic were emphasised.

The carbon hydrate content of one-year old shootlets,
both in the dormant and vegetation stages, was based on the
extraction of sugars by ethylic alcohol and perchloric acid,
respectively, under established conditions; the sugars were
subsequently treated with anthrone (a tricyclic aromatic
hydrocarbon). The starch extract was measured by photo-
colorimetry.

The cryosusceptibility of malate dehydrogenase and the
peroxidase isosimic spectrums were analysed by using phe-
notype buds that had been naturally exposed to frost (-16°C)
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and temperature fluctuations (-6°C +16°C).

Acellular homogenates were prepared by manual grin-
ding with quartz sand in 1 Nm Tris- dithiothreitol buffer to
protect enzymatic activity. The supernatants centrifugated
with 2.6 mg/ml total protein were extracted by vertical dis-
continuous electrophoresis on polyacrylamide gels. The en-
zymatic activities were emphasised by the formazan reac-
tion for malate dehydrogenase using nitrotetrazolin-blue
and oxidized nicotin aminodimelcatide (NAD) while a buf-
fer mixture of benzenidyn 1 mg/ml and perchydrol 0.03%
was used for peroxidase.

The results revealed that the starch content of the annual
shootlets varied widely, as the variation coefficient s% ran-
ged between 21.7 in the F; QComandor x dExcelsior des-
cendants, and 78.9 in the F; QComandor x 377.3.52BV
descendants in their dormant stage, and between 45.5 and
60.7 in their vegetation period. The variation limits of the
starch amount were recorded in December-February,
between 0.17-4.32 mg/100 g dry matter in the F; @ Coman-
dor x @Dacia descendants, and 0.30-6.0 in the F; ¢ Coman-
dor x 477.3.52.BV descendants, whereas in April-May the
variations were 0.30-1.45 mg/100 g in the former, and 0.39-
6.10 in the latter. The soluble carbon hydrate content varied
widely, recording higher values than starch, i.e. 1.35-13.85
mg glucose/100 g dry matter, compared with 0.17-4.32 mg
starch/100 g in the F; QComandor x d'Dacia descendants in
December-February, and 4.36-11.95 mg glucose/100 g,
compared with 0.30-1.45 mg starch/100 g in April-May.
The correlation between the starch-carbon hydrate rapport
and the frost resistance of the flowering buds was observed
in the F; QExcelsior x dGoldrich descendants, where 8%
recorded losses of only 20-30%, while the starch amount
was 1.54 mg/100 g higher than the amount of soluble car-
bon hydrates. The bound water content was higher in the
hybrid descendants F; than in their parents, e.g. 0.4-5.5
mg/100 g dry matter in the descendants F; of Y Comandor x
JdDacia, 0.3-3.50 mg/100 g in the genitor YComandor,
and 0.26-4.1 mg/100 g in the genitor dDacia. The heterosis
of the bound water content was determined in the descen-
dants F;, compared with their parents. The free water con-
tent of the descendants F, recorded low or average varia-
tions, both in the dormant stage and the vegetation period.

Fig. 3 Cryosusceptibility of cyto-
plasmic and mitochondrial dehy-
drogenase in genitor Comandor.
Isosimic spectrums indicating dec-
reasing activity in mitochondrial
and cytoplasmic malate dehydro-
genase.

Fig. 4 Peroxidase cryoresistance in genitor Comandor.
Isosimic spectrums indicating peroxidase activation.
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The free water-bound water balance varied inversely, as the
bound water level was higher than the free water level in
the dormant stage, and lower in the vegetation period. The
cytoplasmic and mitochondrial malate dehydrogenase had
evident lower activity in the dead buds, compared with the
living buds, in the genitors ‘Comandor’ and 77.3.52 BV,
which emphasised their cryosusceptibility (Fig. 3). How-
ever, peroxidase manifested cryoresistance (Fig. 4), as the
peroxidasic isosimic spectrum indicated no differences ref-
lecting cryoinactivation, both in the living and the dead
buds. Peroxidase cryoresistance and malate dehydrogenase
cryosusceptibility were employed as control indicators for
cryoresistance variation in the descendants F;.

The conclusions resulted from the research data refer to
the folowing:

- Heterosis of the content in carbon hydrates, free water
and bound water present in the early shoots can be expected
in descendants F.

- Transgressive heredity was revealed for the frost resis-
tance traits of descendants F;.

- There was a correlation between the peroxidase cryo-
resistance of the genitors and the frost resistance of descen-
dants F.

Death of flower buds

Frost resistance of the flower buds is a biological charac-
teristic influenced by such factors as: absolute temperature,
temperature evolution from the end of the winter dormant
stage to the flowering stage, and the physiological condition
of the fruit-tree.

Specialist literature (Hatch and Walker 1969; Couvillon
and Hendershott 1974; Erez and Lavee 1971; Spiegel-Roy
and Alston 1979; Snir 1983; Paunovic and Plazinic 1976,
1983; Paunovic et al. 1983, 1985; Paunovic 1986; Scalab-
relli and Couvillon 1985; Guerriero ef al. 2006; Szalay et al.
2006) and personal research (Balan and Ivagcu 1989, 1995)
show that sometimes the flower buds belonging to the same
phenotype resist up to -25°C, while some other times they
can die at -10°C.

The measurement of the damage caused to the flower-
ing buds started in mid-January, after the temperatures dec-
reased below -15°C, then followed in February-March,
when temperatures fluctuated from (+) to (-), sometimes
between +16°C and -16°C.

The percentage of damaged buds was determined, and
the evaluation of resistance was based on marks ranging
from 1 to 5 (Balan 1991), as follows: 1 = highly resistant
phenotypes (0-20% damaged buds), 2 = resistant pheno-
types (20-25% damaged buds), 3 = slighly resistant pheno-
types (51-70% damaged buds), 4 = sensitive phenotypes
(71-80% damaged buds), 5 = highly sensitive phenotypes
(81-90% damaged buds).

The results obtained by Viorica Bélan and collaborators
emphasise that the flowering buds resistance to frost and
wintering (-18°C) and to the temperature fluctuations recor-
ded in February and March (-16°C to +16°C) was transgres-
sively transmitted in descendance, as illustrated not only by
the more resistant, but also by 10-25% more susceptible
descendants than the genitors, e.g. in $Comandor x JEx-
celsior, QExcelsior x dGoldrich.

In conclusion, heterosis was found for the resistance of
fruit buds F, to low winter temperatures (-18 C).

Behaviour under the attack of the main diseases

Research on the stable resistant diseases of the apricot tree
is specific to various growing areas, as mentioned in specia-
list literature: Rishbeth (1964), Manescu et al. (1975), Van-
derzwet et al. (1975), Carter and Moller (1977), Klement
(1977), Garrett (1979), Mircetich (1981), Ceapoiu and
Negulescu (1983), Okie (1983), Rozsnyay (1983), Balan et
al. (1985), Morvan et al. (1985), Niyujto et al. (1985), Ref-
fatti (1985), El-Kady et al. (1986), Baicu and Savescu
(1986), Nemeth (1986), Dosba et al. (1988), Morvan (1988),
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Karayannis (1988), Balan ef al. (1989), Craciun and Cra-
ciun (1989), Bassi (1990), Ionicd et al. (1990), Bélan et al.
(1995), Bélan and Stoian (1995), Bassi (1999), Bélan et al.
(1999), Dicenta et al. (1999, 2006), Egea et al. (1999), Se-
san and Oprea (1999), Karayannis et al. (2006), Krska et al.
(2006), Nicotra et al. (2006), Oztlrk et al. (2006), Romero
et al. (2006), Trandafirescu and Teodorescu (2006).

Although literature mentions several apricot-damaging
fungi, the most frequent in Romania are: Monilinia laxa
(Aderh et Ruhl) Honey, Stigmina carpophila (lev) M. B.
Ellis, and Cytospora cincta Sacc. producing important da-
mage to all the apricot-tree growing areas .

Between 1982 and 2006, a team coordinated by Viorica
Bilan conducted a research programme with respect to the
genetics of resistance to stable diseases, aiming to create
some phenotypes that are genetically resistant to high-fre-
quency pathogen attack.

The particularity of this programme consisted in the ab-
sence of resistant genitors belonging to the wild species,
spontaneous populations, or cultivated forms.

Therefore, the programme was started by providing na-
tural infection conditions, i.e. plant treatments were stopped
for three consecutive years. The selection lot consisted of
1600 F, descendants belonging to 64 combinations resulting
from dialelic hybridisations of ancestral Romanian biotypes,
complex hybridisation, backcrossing, hybridisation between
geographically distant fruit trees, crossbreeding. Under
strong infection conditions, selection was performed on the
phenotypes resistant to the attack of the following patho-
gens: Monilinia laxa (Aderh et Ruhl) Honey, Stigmina car-
pophila (Lev) M. B. Ellis, and Cytospora cincta Sacc.,
mycoplasmas, bacteriosis, Pseudomonas siringae p.v. sirin-
gae van Hall, and viral diseases, particularly Plum-pox.

The selected phenotypes were vegetatively multiplied
(20 trees from each phenotype), and then introduced into
protected areas and screened by artificial inoculation.

Moreover, three apricot-trees from each collection-pre-
served phenotype, as well as each individual from the mu-
tant, crossbred C;and F,, and backcross populations, were
artificially inoculated with the fungi Monilinia laxa and
Cytospora cincta under orchard conditions, with minimum
treatment applied to the collection and no other phytosani-
tary treatment. The phenotype variability of the reaction to
pathogen attack was determined, and the resistant pheno-
types were selected as genitors.

Dialelic hybridisation was performed between the phe-
notypes selected as resistant genitors, as well as between
the resistant genitors and top-quality genitors. Determina-
tions were performed on the descendants: induced genetic
variability, genetic mechanisms, and the heredity types of
resistance to stable diseases.

The attack produced by Monilinia laxa was observed on
the branches after flowering, and the observations included
the percentage of damaged branches out of 100 (F%) and
the intensity (I%) of the disease on each branch, according
to the assessment scale of 0-4 (Savulescu and Savulescu
1959). The degree of the attack was calculated according to
the following formula: GA = (F x I)/100. Artificial inocula-
tion was made by the virulent ML,; strain of Monilinia laxa
by spraying the sack-covered flowers with a spore suspen-
sion in sterile distilled water (concentration 10° spores/ml).

The attack produced by the fungus Cytospora cincta
was evaluated according to the drying level of the branches
that had been artificially inoculated with fragments of fun-
gus colonies by using two virulent strains: C;s and Cy
grown on a CGA. medium. The inoculum was applied to
scalpel-cut wounds made in October, and the evaluation of
resistance to the action of the fungus was made by mea-
suring the necrosis length starting from the infection point,
as follows: 0-3 cm-resistant (R), 3.5-18 cm-medium resis-
tant (MR), over 18 cm-susceptible (S) (Rozsnyai 1977).

The attack produced by the fungus Stigmina carpophila
on leaves and fruit was determined by observing the fre-
quency of the damaged organs out of a total of 100, and the
attack intensity for each damaged organ by using the scale
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of 0-6 (Baicu and Savescu 1986). The degree of the attack
was subsequently calculated according to the folowing for-
mula: GA = (FxI)/100, where F = attack frequency and I =
attack intensity.

The biological material was also tested for infection
with such pathogens as Apricot chlorotic leaf roll, Plum pox
(Sharka) and Pseudomonas siringae p.v. siringae van Hall;
as the biotic factors were involved in apricot-tree damage,
especially in complex actions together with micoses.

Micoplasmic infections were observed by optical
microscopy, using the Diens method. Resistance to the
attack of the bacterium Pseudomonas siringae p.v. siringae
van Hall. was tested in vitro. Ten shootlets were sampled
from each fruit tree belonging to a phenotype, as well as
from each descendant, and subsequently inoculated with
bacterial Pseudomonas suspension, a mixture of three
strains: syringomicin-producing Tos, strong ice-nucleating
Ti328, and medium syringomicin-producing and medium
ice-nucleating T35 of 10°UFC titre.

To evaluate the attack of the virus Plum pox, samples of
150 leaves and 25 fruit were collected from each tree under
study, and determinations were made for the intensity of the
attack, the frequency of the attack, and the degree of the
attack was calculated. For a better interpretation of the re-
sults, the entire biological material was subject to screening
according to the degree of the attack and the results of the
ELISA test. The frequency of the Sharka attack was calcu-
lated by using the formula f% = (n x 100)/N, where n = the
number of attacked leaves or fruit, and N = the number of
observed leaves and fruit. The intensity of the Sharka attack
was calculated in order to analyse the spreading degree of
the attack as the ratio between the area of the attacked
leaves or fruit and the total area of the observed organs. The
interpretation of the results was based on the scale of 0 to 6
classes equivalent to some percentage of the attack intensity
(attack surface%/attack intensity class): (1-3)/1, (4-10)/2,
(11-25)/3, (26-50)/4, (51-75)/5, (76-100)/6. The relative ex-
pression of the intensity of the Plum pox attack was calcu-
lated by the formula I = [F(i x f)]/n, where F = attack fre-
quency, i = class or percentage of the attacked area, f =
number of attacked cases within the same class, and n =
total number of attacked cases. The degree of the attack
(GA%) illustrated the seriousness of the attack, and was
determined according to the relation: GA% = (F x I)/100.

The results show that the consecutive three-year ab-
sence of treatments and the conditions provided by the
Bucharest area, where Monilinia laxa Aderh et. Ruhl Honey
and Stigmina carpophila M. B. Ellisse may produce over
70-80% damage, created favourable conditions for screen-
ing. Thus, out of 1600 descendants of 64 genomic families
resulted from dialelic breeding between geographically dis-
tant partners, complex hybridisation, and backcrossing, only
13 descendants of nine genomic families were selected ac-
cording to their field resistance to the two pathogens. The
degree of attack (DA%) of the 13 descendants was limited
to 2.5-7.5 in Monilinia laxa, and 1.8-7.5 in Stigmina carpo-
phila. ‘Marculesti 19’ was the maternal genitor in three of
the nine genomic families, and ‘Re Umberto’ was the
maternal genitor in five families and the paternal genitor in
one of the selected families. The selected elites were re-
tested by artificial inoculation under glasshouse conditions,
and no difference was observed, compared with their beha-
viour under natural infection conditions. The selection
83.15.23 (YRe Umberto x 3 Timpurii de Chisindu/Barly of
Chisindau) was also resistant to inoculation based on frag-
ments of Cyfospora cincta colonies whereas selections
83.29.4 B1 and 83.29.3 B1 (YMr.19 x ZCR5-180) showed
average resistance. The selection 83.29.4B1 was highly re-
sistant to pathogens and temperature fluctuations, and pro-
duced top-quality fruit; therefore, it was homologated in
1984 under the name of ‘Dacia’, and was protected by a
patent. The phenotypes that resisted the attack of stable
pathogens were the basis for the genetic study of resistance
to diseases, as well as genitors in the genetic breeding prog-
ramme for apricot trees. The study of the F, descendants
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resultant from Qresistant (‘Dacia’, 83.15.23B1, 77.3.52
BV) x Jintermediary (‘Comandor’, ‘Excelsior’, ‘Gold-
rich’) showed high variability to the attack of the pathogens
under study. The transgressive heredity of the reaction to
the pathogenic action of the fungus Stigmina carpophila
was determined in the following descendants F1: QComan-
dor x JExcelsior, QExcelsior x dGoldrich, QExcelsior x
&Comandor, QComandor x 3Excelsior, QEarly Orange x
dDon Gaetano. The hybrid descendants F; QExcelsior x
d'Goldrich, QComandor x JdDacia, of the Qsusceptible x
Jresistant type, and @Comandor x 377.3.52.BV of the
Qsusceptible x Javerage resistant type, reacted to Cytos-
pora cincta Sacc., manifested heterosis under conditions of
inoculation with the virulent strains Cs¢ and Cq;. The °Co
physical mutagenesis, in a rate of 3000R, induced resistance
to the fungus Stigmina carpophila in 33% of the total mu-
tants V, Comandor.

The conclusions of the above results indicate that:

- Intermediate resistance to Monilinia laxa was involved
by controlled hybridisation and physical gene mutation.

- Genetic transgression was induced by controlled hyb-
ridisation for resistance to Stigmina carpophila.

- Heterosis of Cytospora cincta resistance was induced
by controlled hybridisation (VG>VP). Induced gene muta-
tion was found for Cytospora cincta resistance and for the
biochemical traits quality.

- Resistance to Sharka was analysed, resulting in the
selection of resistant genitors, i.e. ‘Stella’, ‘Early Orange’,
and NJA 42.

Yield characteristics
Yield level and regularity

Literature emphasises that apricot yield is still deficitary
worldwide; therefore, yield characteristics are an important
objective in the research programmes of the developing
countries: Sansavini et al. (1974, 1988), Moore (1979),
Friundlund (1979), Lespinasse et al. (1985), Craciun (1987),
Balan (1991), Smith and Mollendorf (1999), Bertazzoli and
Rivaroli (2006), Brunton ez al. (2006), Ghelfi and Lucchi
(2006), Mittermayer (2006), Olgun and Adanacioglu (2006),
Albuquerque ef al. (20006).

In Romania, Viorica Bilan and the research team ana-
lysed the fruit yield as a biological characteristic and, at the
same time, as an indicator for the behaviour of the varieties
under the given environmental conditions. Early fruiting, i.e.
the fruiting time of the studied variants, was recorded for
each tree belonging to the collection-preserved phenotypes,
as well as for each descendant, and was genetically ana-
lysed.

High yields, i.e. marked 3 on a scale of 1-3, were recor-
ded in 10-30% descendants F; of the following families:
QExcelsior x JGoldrich, QExcelsior x §'Comandor, ¢Co-
mandor x 377.3.52.BV, QComandor x &Dacia, QOlimp
X GCRygs. 30% mutants V, ‘Comandor’ were similar to the
standard phenotype ‘Comandor’.

Fruit quality

The complex physical and chemical characteristics of the
apricots, such as the biometric elements and the biochemi-
cal components of quality, have been an important field of
research for numerous specialists worldwide, among which:
Couranjou (1975), Giulivo et al. (1983), Guerrriero (1984),
Cociu and Hough (1985), Margarian et al. (1986), Mehlen-
backer and Hough (1986), Hansche(1986), Bassi (1990,
1999), Bassi and Negri (1991), Balan (1995), Guerriero et
al. (1995), Balan ef al. (1999), Bassi and Audergon (2006),
Bilan ef al. (2006a, 2006b), Benedikova (2006), Bureau et
al. (2006), Ham (2006), Lachkar and Mlika (2006), Menca-
relli et al. (2006), Pennone and Abbate (2006), Petrisor et al.
(2006), Tzoneva and Tzonev (1999), Wang and Liu (2006).
The biometric elements and biochemical components of
the fruit quality were determined for each individual studied,
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and the data were statistically processed and analysed for:
initial variability and the variability induced by hybridisa-
tion, crossbreeding, mutagenesis, F,, backcrossing; the ge-
netic mechanisms, and the heredity of the quality traits and
characteristics; phenotypical correlations of some features
referring to the fruit quality. A number of 30 fruit were sam-
pled from each variant in order to determine its physical
characteristics, and 2-3 kg were collected for the biochemi-
cal determination of the quality. The basic colour of the skin
was evaluated by using the apricot-tree colour code devised
by Ctifl France (Centre technique interprofessionnel des
fruits et 1égumes) and adopted by the Romanian specia-
lists.

Height (H), dorso-ventral diametre (D), and lateral dia-
meter (d) were measured by the vernier caliper. The data
obtained were statistically interpreted to emphasise variabi-
lity and to calculate the shape index I.F = HY/D x d, When
the index was higher than 1.0, the fruit was elongated
whereas, when lower than 1.0, the fruit was either round or
flat round. The average weight of the fruit was determined
on 30 fruit sampled from each variant, and the results were
statistically processed to obtain the initial and induced
variabilities, and the descendant transmission of the respec-
tive trait. The pulp/stone ratio was determined by weighing
the latter separately and relating the value to the total fruit
weight, which resulted in pulp productivity.

The soluble dry matter content provided an overview of
the content in carbon hydrates, organic acids, and mineral
salts, determined by the Zeiss scaled refractometre. To
avoid determination errors, fruit were sampled from all the
variants after reaching the consumption maturity, the ga-
thering time being based on the colour code and the Hunter
lab measurements, originally correlated with the penetro-
metre-based determinations. The reducing sugar content
was achieved by the Fehling-Soxhlet method, i.e. the poly-
sugars and protein removal without converting saccharose
into glucose and fructose. Vitamin C ascorbic acid, consi-
dered one of the most important vitamins for its catalytic
functions and direct intervention in metabolism, was deter-
mined by the Thillmans method modified by 2-6 dichlorine-
phenolindophenol. Titre was established by using ascorbic
acid. Measurement was made in mg% of 100g fresh matter
by the following formula: ascorbic acid (vitamin C) = (V x
F x 1000 m)/m x mp. The mean of the three determinations
performed for each sample was statistically processed in

order to analyse the genetic variability and heredity of this
important biochemical component of apricot quality.

The results point out that,genetic variability was in-
duced for the following fruit quality traits: average fruit
weight (g) in the backcross descendants @ Comandor x 3F,
(“Excelsior’ x ‘Comandor’) s% = 25.42, and F, ‘Olimp’ s%
= 21.80; titratable acidity-malic acid (g%) in the mutants V,
‘Comandor’ s% = 29 and F, ‘Olimp’ s% = 20.11; soluble
dry matter (DM%) s% = 24.02, titratable acidity-malic acid
(g%) s% = 46.06, ascorbic acid-vitamin C (mg.%) s% =
26.60 in the F; Q0limp x ANJA19 descendants.

The alternative use of the variety ‘Comandor’ as mater-
nal and paternal genitor, in combination with the variety
‘Excelsior’, resulted in low variability in the former case,
and average variability in the latter, which points to the
cytoplasmic heredity of both partners. The study of the ge-
netic progress achieved in the descendants Fy, F,, backcross,
mutants V,, pointed to the statistically assured increase in
the fruit quality traits, compared with one or both parents in
the following cases (Table 4): a) soluble dry matter in the
backcross generation QComandor x JF; (‘Excelsior’ x
‘Comandor’), mutants V, ‘Comandor’, and descendants F,
QO0limp x @NJA,g; b) ascorbic acid-vitamin C in the des-
cendants F, ‘Excelsior’ x ‘Comandor’, mutants V, ‘Coman-
dor’, and descendants F, ‘Olimp’; c) average fruit weight in
mutants V, Comandor. The values of soluble dry matter
(DM%) of the standard phenotype ‘Comandor’ were com-
pared with the backcross descendants ‘Comandor’ and mu-
tants V, ‘Comandor’, emphasizing an increase from 15.6%
in the standard phenotype to 18.46% in the backcross des-
cendants, and 19.56% in the mutants V,. An increase in
soluble dry matter, compared with the standard phenotype
‘Comandor’, was also recorded in the descendants F; QCo-
mandor X dDacia, i.e. 16.29% on average. The mutants V,
‘Comandor’ recorded an increased content in ascorbic acid-
vitamin C, as well as increased average fruit weight, which
showed that physical mutagenesis was an efficient method
of improving some fruit quality traits.

The analysis on the genetic mechanism of the fruit
shape heredity in the descendants F; of five genomic fami-
lies emphasised three types of gene actions: no descendent
segregation, 3:1 segregation, and 1:1 segregation. The non-
segregated monohybrid descendants were QComandor x
Jd'Dacia elongated fruit Aa x round fruit aa, and Y Coman-
dor x 377.3.52 BV elongated fruit Aa x elongated fruit Aa.

Table 4 Genetic variability induction of some quality characteristics in the descendants F,, F,, backcross, mutants V,, and signification of differences

from parents or standard phenotype. (Viorica Balan and Valerica Tudor)

Genitors/Descendants Dry matter Malic acid Vitamin C Fruit weight
(DM %) (&/%) (mg/%) ()

F; QExcelsior x dComandor 15.8 1.67 15.5 43.4
Fi-PxP, -1.89 -0.04 2.54/%% 11.16/000
Fi-P, -4.0/000 0.45 1.58 11.16/000
Fi-P, +0.21 -0.53 3.5/%%* 11.16/000

F; @Comandor x JExcelsior 14.1 1.58 12.74 40.07
Fi-PxP, -3.59/000 -0.13 0.22 14.93/000
Fi-P; -1.49 -0.62 0.74 14.93/000
Fi-P, -5.7/000 0.36 -1.18 14.93/000

F; QComandor x 9Dacia 16.29 1.98 11.80 44.9
Fi-PxP, +0.98 0.16 -1.40 26.1/000
Fi-P, +1.68 0.22 -0.20 10.1/000
Fi-P, +0.27 0.54 -2.6/000 42.1/000

Backecross (B,) Comandor x F; (PExcelsior x $Comandor) 18.46 1.06 10.66 55.94

B,-P, Comandor +2.87/** 1.14/00 -1.34 +0.97

Mutants V, Comandor 19.56 0.99 19.56 58.37
Standard Comandor V, 15.6 2.20 12.00 55
V,-V, 3,97 /%% -1.21 7.56/%%%* 3,37 /%%

F,Olimp x NJA19 19.56 1.10 8.74 69.50
Fi-P; x P, +5.38/*** -0.81 -0.79 6.07/000
Fi-Py +3.0/%** 0.10 -1.42 3.36/* * *
Fi-P, +7.76/%%* -1.52 -0.16 15.5/000

F, Olimp 17.78 1.06 12.25 62.26
F,0Olimp-P,0Olimp +1.22 0.04 2.09/* 3.88/000
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The 1:1 segregation of the fruit shapes pointed to the des-
cendant ‘Goldrich’ acting as a double recessive tester, and
confirmed the heterozigotic nature of the parent ‘Excelsior’
as illustrated by the mutual monohybridisations QExcel-
siorAa x @dComandorAa and QComandorAa x JExcel-
siorAa.

Based on these results, the following conclusions can be
summed up:

- Controlled hybridisation, backcross, and physical gene
mutation were efficient methods to improve fruit quality.

- Transgressions of dry substance and vitamin C were
revealed in apricot descendants F,.

- There were positive non-linear genetic correlations
between the content in soluble dry matter and vitamin C.

- The heredity of the fruit shape was dominant, with
segregation 3:1 in the combination of Qelongated fruit (Aa)
x Jdelongated fruit (Aa), and segregation 1:1 in the com-
bination of Qelongated fruit (Aa) x (%round fruit (aa).

BIOTECHNOLOGY OF APRICOT TREE IN
ROMANIA

Micropropagation
Culture initiation

The reaction to micropropagation is genotype and explant
type dependent, according to many research teams results
(Butic-Keul ez al. 2004; Corneanu et al. 2006; Pérez-
Tornero et al. 1999; Pérez-Tornero et al. 2006; Rogalski et
al. 2003).

In Romania, young shoots from the following cultivars
were used for micropropagation: ‘Best of Hungary’, ‘Favo-
rit’, ‘Mamaia’, ‘Excelsior’ and ‘Comandor’, hybrids: pro-
geny F, ‘Excelsior’ x ‘Comandor’ and rootstocks: ‘Stella’
and ‘Goldcot’, from which apex, meristems, leaves and
microcuttings were sampled (Table 5). The aseptic method
of the biological material differed according to genotype
and laboratory. The general scheme of sterilization was:
washing in water, dipping into ethanol 70-95%, 10-60 sec;
dipping into sterilizing agent (Domestos 20%, NaOCl 0.8-
4%, HgCl, 0.3%), 10-20 min, three washes in sterile dis-
tilled water (Table 1). For culture initiation, MS (Murashige
and Skoog 1962) and QL (Quoirin and Lepoivre 1977) me-
dia were tested. The culture mediums were supplied with
different hormone balances and bioactive unconventional
substances: DDW (30 ppm deuterium content) and magne-
tic fluids (Table 2). A multiple emulsion was used as a mag-
netic fluid. In multiple emulsions, the magnetic part was
formed by iron oxides FeO and Fe,O;, in a ratio of 1:1
(magnetite), which was obtained by coprecipitation in an
alcaline medium and stabilised with oleic acid (Minea et al.
2003). The medium was solidified with agar (7%), pH =
5.6-5.8. The culture vessels were maintained at 24-26°C, 16
h photoperiod, white light (Osram L58 w/30) at a PPFD of
35 pmol m? s™.

The explants that gave the best results concerning via-
bility, as well as future evolution, were the apices and apical
meristems. Similar results were obtained by Pérez-Tornero
et al. (2006) who also observed that the survival of the ex-
plants was higher when axillary shoots instead of meristems
were used for the culture introduction. In the case of young
leaves and microcuttings, the shoots viability was low
(under 20%), and total necrosis of the explants was ob-
served 20 days after culture initiation. Shoot development
and the elongation process were dependent on the genotype,
as well as on the phytohormone balance of the culture me-
dium (Table 6).

In the cultivars ‘Best of Hungary’, ‘Favorit’ and ‘Ma-
maia’ (Butic-Keul er al. 2004), the best results were ob-
tained on the MS medium + 14.9 uM/1 2 iP (N®-2-isopen-
tenyl adenine) + 0.5 uM/1 IBA + 0.26 uM/l1 GA; (gibberelic
acid) + 56.8 uM/1 vitamin C + 54.3 uM/1 adenine sulphate,
the length of the obtained shoots being 10.6-19.6 mm. In
the rootstocks ‘Stella’ and ‘Goldcot’, better development
was noticed on the basal QL medium supplied with 2.2-4.4
uM BA + 0.5 uM NAA + 0.02 pM GA;, in comparison
with the basal medium MS with the same phytohormone
supplement, the regeneration percentage being 19.7-21.6%
(Popa et al. 2005). By comparing the reaction to micro-
propagation of the cultivars ‘Excelsior’ and ‘Comandor’
with their hybrid progeny F,, Corneanu et al. (2006) poin-
ted out that the heterosis effect was also manifested in vitro,
while the hybrid had the best results as far as the main shoot
elongation and the basal caulogenesis process were con-
cerned. The authors emphasised the specificity of the reac-
tion, depending on the genotype x culture medium interac-
tion, observation sustained also by Pérez-Tornero and Bur-
gos (2000a) in their studies on the micropropagation of the
cultivars ‘Bulida’, ‘Helena’, ‘Canino’, ‘Lorna’. Corneanu et
al. (2006) observed improved results when the culture me-
dium was prepared with DDW, as the shoot elongation pro-
cess and the foliar organogenesis were significantly in-
creased.

According to Pérez-Tornero and Burgos (2000a), MS is
the worst medium for some sensitive genotypes (e.g. all
plants died within six weeks in the cultivar ‘Bulida’, while
in ‘Currot’ and ‘Helena’ explants showed hyperhydricity
symptoms, due to the excessive ammonium content of the
MS medium) in comparison with QL or modified WPM
media. In opposition, the cultivars tested in Romania: ‘Best
of Hungary’, ‘Favorit’, ‘Mamaia’, ‘Excelsior’, ‘Comandor’
and their F, progeny reacted very well on the MS medium
and no vitrification processes were observed.

Secondary basal shooting process was dependent on
the genotype, as most authors emphasised (Butic-Keul et al.
2004; Corneanu et al. 2006). In some cultivars on the ini-
tiation medium mentioned above, 1-2 basal shoots (‘Best of
Hungary’, ‘Favorit’, ‘Mamaia’) were obtained, in others
(“Excelsior’, ’Comandor’) no caulogenesis took place while,
in the hybrid F, QExcelsior x JComandor), 3-6 basal
shoots/explant were obtained on the medium prepared with

Table 5 Asepsization methods in P. armeniaca. (Mihaela Corneanu and Viorica Bélan)

Genotype Biological Material Aseptization methods Laboratory Reference

H, Immature seeds Ethanol 95% Research Station for Fruit- Balan e al. 1999

H, Tree Growing Baneasa

H;

H,

Hs

Hg

‘Best of Hungary’ Shoots Ethanol 70% -10 sec. University Babes-Bolyai Butic-Keul et al. 2004
‘Favorit’ Domestos 20% -15 min. Cluj Napoca

‘Mamaia’

“Stella’ Shoots Ethanol 70% -60 sec. Research Station for Fruit- Popa et al. 2005
‘Goldcot’ NaOCl 0.8% -20 min Tree Growing Béneasa

‘Excelsior’ Shoots NaOCl4.0% -10 min. University of Craiova Corneanu et al. 2006
‘Comandor’ HgCl, 0.3% 10 min.

QExcelsior x d'Comandor
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Table 6 Results obtained in in vitro culture initiation in Prunus armeniaca (cultivars, hybrids) in Romania. (Mihaela Corneanu)

Genotype Explant Optimum culture medium Results  References
H, ™M H basal; MS modified; LP modified G Balan et al. 1999
H,
Hs
H, LP modified
Hs
Hs
‘Best of Hungary’ A MS + 1.0 mg/l iP + 0.1 mg/l IBA + 0.1 mg/l GA; + 10 mg/l vitamine C+ C,E,R  Butic-Keul ef al. 2004
10.0 mg/1 adenine sulphate
‘Favorit® MS + 1.0 mg/l iP + 0.1 mg/l IBA + 0.1 mg/l GA; + 10 mg/l vitamin C+ C,E,R
10.0 mg/1 adenine sulphate
‘Mamaia’ MS + 1.0 mg/l iP + 0.1 mg/l IBA+ 0.1 mg/l GA; + 10 mg/l vitamine C+ C, E
10.0 mg/I adenine sulphate
MS + 1.0 mg/l iP + 0.1 mg/l IBA + 0.1 mg/l GA; + 10 mg/l vitamine C R
“Stella’ AM LP+2.2-4.4 uM/I BAP + 0.5 uM/I NAA + 0.02 uM/1 GA; C Popa et al. 2005
‘Goldcot’
‘Excelsior’ AM MS + 1.0 mg/l BAP + 0.1 mg/l NAA CE Corneanu et al. 2006
‘Comandor’ MS + 2.0 mg/l BAP + 2.0 mg/l IBA + 0.1 mg/l GA;

QExcelsior x §'Comandor

MS + 1.0 mg/l BAP + 0.1 mg/l NAA (prepared with DDW)

Explant type: IM — immature embryo; A- apex; AM — apical meristem

Culture medium: MS modified; LP modified: > macroelements and iron; double microelements
Results: G — embryo germination; C — caulogenesis; E — shoot elongation; R - rhizogenesis

Table 7 The effect of the culture medium, deuterium-depleted water (DDW) and explant size on the main biometrical characters in hybrid progeny F,

QExcelsior x dComandor (Fisher’s Test) (Corneanu et al. 2006).

Character

Fisher’s Test

1- subculture medium; 2- DDW; 3- explant size

1 2 3 1x2 2x3 1x2x3
Shoot length 22.90%** 0.60 356.97*** 21.85%%* 6.89% 8.29%**
No of leaves/explant 1.93 7.38%* 87.34%%* 3.75%* 5.03* 3.12%*
Secondary shoot number 2.34* 21.51%** 20.34%** 1.52 5.13* 2.55%
Table 8 Results obtained in in vitro subculture in Prunus armeniaca (inter- and intraspecific hybrids) in Romania. (Mihaela Corneanu)
Genotype Explant Optimum culture medium* Results  References
H, Germinated embryos H basal; MS modified; LP modified P; LS Bilan ef al. 1999
H, H basal; MS modified; LP modified P; LS
H; H basal; MS modified; LP modified P; LS
Hy MS modified; LP modified P
Hs MS modified; LP modified P
Hs LP modified P
QExcelsior x Neoformed shoots 1 mm ~ MS + 2.0 mg/l BAP + 2.0 mg/l IBA + 0.1 mg/l GA; E,CCE  Corneanu et al. 2006
&'Comandor Neoformed shoots 3 mm E,C
(F») MS +0.1 mg/l BAP + 0.1 mg/1 IBA+ 0.1 mg/l GA; + 60 mg/lFM E,R

* Culture medium with best results
MS modified; LP modified: %> macroelements and iron; double microelements

Results: R — rhizogenesis ; P — plantlets; LS — lateral shoots; E — shoot elongation; CCE — caulogenesis via embryogenic calli; C — caulogenesis

Fig. 5 The effect of DDW on caulogenesis process on P. armeniaca, F,
hybrid Q‘Excelsior’ x §*Comandor’. (A) MS + 1 mg/l BAP + 0.1 mg/l
NAA. (B) MS + 1 mg/l BAP + 0.1 mg/l NAA prepared with DDW.

DDW (Fig. 5). DDW exercised an action of protection, both
at the DNA and telomere level, which assured the chromo-
some integrity. But the telomer was partly lost with each
cell division, therefore the division number characteristic to
a cell was different (Hayfick, cited by Goodall 2003), de-
pending on the genotype and probably on the tissue. The
increase in the cell multiplication rate was limited by the
telomer integrity. When the value (the division number cha-
racteristic to the genotype) was surpassed, cell divisions
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became abnormal, either resulting in aneuploid cells or cell
division stopped. The knowledge of this concept, as well as
the use of DDW in culture medium preparation, can be a
way of improving the in vitro multiplication rate of the ex-
plants.

Subculture

The neoformed shoots must be transferred (subculture) on a
fresh medium after 30-45 days; after this period, apex nec-
rosis occurs at a high rate, a fact noticed by other authors in
the Prunus species (Scaltsoyiannis et al. 1998); Balla and
Vértesy 1999; Pérez-Tornero et al. 2000a).

In the experiments performed by Corneanu et al. (2006),
the in vitro neoformed shoots of different size (3 mm, 4
leaves; 1 mm, 2 leaves) were transferred on eight variants
of MS basal medium supplied with 0.44-8.9 uM BA + 0.5-
9.8 UM IBA + 0.3 uM GA;. The analysis of the effect of the
subculture medium, initiation medium and explant type,
pointed out the significance of each factor, as well as their
interaction (Fisher’s test) on the growth, differentiation and
dedifferentiation processes. The main shoot elongation was
very significantly influenced by the phytohormone balance,
as well as by the explant size, a fact proved both by the
Fisher’s test and a very significantly positive correlation
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between the shoot length and IBA quantity (» = +0.3374).
The best results (shoot length = 20.5 £ 0.2 mm, 45 days)
were obtained on the MS medium + 8.9 uM BA + 9.8 uM
IBA + 0.3 uM GA;. Organogenesis in the leaves was signi-
ficantly stimulated in the medium variants where the auxin:
cytokinin ratio favoured the latter. Caulogenesis at the shoot
base was significantly influenced both by the phytohor-
mone balance and the presence of DDW in the initiation
culture medium, as well as by the explant size (Table 7).
The highest number of shoots/explant was recorded in small
shoots (1 mm) (8-12 shoots/explant), on the culture medium
MS 8.9 uM BA + 9.8 uM IBA + 0.3 uM GA;, originating
from a medium prepared with DDW. This finding proves
that DDW has a long term effect, having an important role
in tissue rejuvenation. Knowing the effect of different con-
trollable factors on the explant development allows their
modellation in order to obtain the best results (Table 8).

Rhizogenesis

Obtaining strong rooted plantlets is a condition to carry out
a succesful acclimatisation process. Most authors observed
that a reduced concentration to 2/3 -1/2 basal medium salts
improved the rhisogenesis process (Balla and Vértesy 1999;
Kamali ef al. 2006). Some authors recomended an induction
period in the darkness for certain genotypes (Pérez-Tornero
et al. 2000a, 2006); however, this might produce chlorosis
and shoot necrosis, fact confirmed by Koubouris and Vasi-
lakakis (2006) in the cultivar ‘Babecou’.

In some genotypes, the rhisogenesis process can be ob-
tained even in the initiation culture. Butic-Keul ez al. (2004)
obtained rooted plantlets on the same medium used for
culture initiation, but the reaction to the culture medium
was genotype-specific. The highest number of roots was ob-
tained in the cultivars ‘Best of Hungary’ and ‘Favorit’ on
MS + 4.9 uM 2 iP + 0.5 uM IBA + 0.26 uM GA; + 56.8
uM vitamin C + 54.3 pM adenine sulphate, while the cul-
tivar ‘Mamaia’ rooted better in the absence of adenine sul-
phate. The number of neoformed roots in all the three geno-
types was low (1.1-1.6 roots/explant) due to the low auxin
content, as the culture medium was originally conceived to
promote caulogenesis. Rhizogenesis occurred as a secon-
dary process.

In order to induce rhizogenesis in the hybrid progeny F,
QExcelsior x d'Comandor, Corneanu (2006) supplemented
the culture medium (80% MS) with phytohormones (0.44
uM BA + 0.5 uM IBA + 0.3 uM GA;) and different con-
centrations of magnetic fluid (0-200 mg/l MF). Roots were
obtained on all the medium variants supplied with magnetic
fluid, but in a concentration of 60 mg/l the number of roots/
explant was maximum (4.6 £ 0.2), while shoot elongation
showed a correspondingly positive reaction (20-24 mm
growth of the transferred shoots in 45 days). In the control
variant (non-MF medium), no rooting process was observed
and the shoots length presented a significant negative dif-
ference in comparison with the variant MF (7-10 mm). No
caulo- or callogenesis at the shoot base was recorded in any
experimental variant. These findings are in accordance with
the previous ones obtained by Corneanu et al. in other spe-
cies: Aloe arborescens (1994), Fragaria xannanasa (1995),
Aztekium riitteri (1996a), Mammillaria duwei (1996b), Dro-
sera rotundifolia (1998), Coryphantha elephantidens (2000),
Prunus avium (2004a), Robinia pseudoacacia (2004b) as a
result of culture medium supplementation with magnetic
fluid.

Immature embryo culture and seedling
acclimatisation

The in vitro culture of immature embryos is an efficient
method of rescuing the embryos resulting from interspecific
hybridisation, as they frequently abort due to the genetic in-
compatibility between the embryo and endosperm.

In order to assure viable progeny of some interspecific
hybrids, namely P. armeniaca % P. persicum (H3) and P.
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persicum x P. armeniaca (H;, H,, Hy, Hs and Hg), Bélan et
al. (1999) used culture immature embryos in vitro and ob-
tained acclimatized plantlets (Table 8).

To initiate the in vifro embryo culture, immature em-
bryos (1-10 mm) were used as explants, harvested 6-7
weeks after pollination, interspecific hybridation progenies
QP. armeniaca (P.a) x AP. persica (P.p), QPp x dP.a
(Balan et al. 1999): H, — QP.p x 3P.a (?Garden Delight x
dB19/20); H, — QPp x J&P.a (YPrios Magdalena x
Jd'Dacia); Hy; — QP.a x 3P.p (R0limp x 3PI 132030); Hy —
QPp x dP.a (PMichigan x IB4/73); Hs — QP.p x JP.a
(?Sweet Gold x dFavorit); Hg - P.p x 3 P.a (PPlatycarpa x
dDacia). To rescue immature embryos, three variants of
hormone-free culture media were tested: H basal (Theobald
and Hough 1960), MS modified and QL modified (double
microelement quantity, half macroelements and iron quan-
tities). In the embryo culture, the test tubes were maintained
at 16°C in the darkness, until germination started, then
transferred to 22-25°C with 16 h photoperiod.

As with neoformed shoot subculture, the explant size
was as important as the culture medium composition. For
the successful germination of embryos used as explants,
they should be >4 mm in size, otherwise an in ovulo culture
for 1-2 weeks is recommended before excision. This obser-
vation is in accordance with Burgos and Ledbetter (1993)
who found that embryos between 5 and 9 mm germinated
and developed into plants in a significantly higher percen-
tage that the ones in more mature stages.

The hybrids H;, H,, H; reacted favourably in all the
three variants of the culture mediums, resulting in 100%
germination, while the hybrids Hy, Hs, Hg recorded modest
results (16-18%) on LP medium; H and MS mediums were
inadequate, inducing germination inhibition. The mediums
used for culture initiation were not always the best for
plantlet development. A reduction to half the macroele-
ments and iron, and the doubling of microelements stimu-
lated embryo germination and plant development. The
lower salts concentration improved rhizogenesis and sub-
sequent plant growth after acclimatisation. The resulting
plantlets were acclimatised in three steps: uncovering the
test tube for 5 days (in the culture room), maintaining them
for 10 days in the test tube with distilled water and then
transferring them into pots and providing high humidity.
54% of the hybrid plantlets H,, H,, H; developed lateral
shoots, with high number of leaves on short stems, proving
the success of acclimatisation.

CONCLUDING REMARKS

In order to develop future breeding strategies, genetic engi-
neering and the DNA technology may merge with other
non-conventional methods, such as biotechnology (soma-
clonal variation and stress resistance). For successful re-
search, several things must be taken into consideration,
among which increasing knowledge of the apricot genotype
at the molecular level and the high expressions of inserted
genes.

In the future, the studies based on molecular genetics
and biotechnologies will be associated with biodiversity,
and will employ combined research methods, such as: tradi-
tional hybridisation, backcross, mutagenesis, inbreeding,
and unconventional genetic transformation. It is noteworthy
that this strategy is already applied in some European coun-
tries: France, Italy, and Spain.
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