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Abstract:  
 
Apple cultivars with high fruit quality, good productivity and durable disease and pest resistance 
are highly required in ecological fruit growing. In the past, apple breeders mainly used single 
resistance genes giving good field resistance towards scab and mildew, from wild species such 
as Malus floribunda 821, M. zumi and M. robusta. However, this type of resistance can be 
overcome by new pathogen race. Today, the main emphasis is on the combination of functional 
different major resistance genes and the use of quantitative resistance to achieve durability. 
Apple breeding program from RIFG Pitesti, RSFG Voinesti and IFO, Angers is to combine high 
fruit quality with good orchard performance and durable disease resistance for sustainable 
production systems. In the paper is made a preliminary description of 5 selections. 
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1. Introduction 

 
The genetic apple breeding focused on developing disease resistant cultivars, particularly with 

scab resistance has been started in Romania since 1970 and is further a major objective in the research 
programs. In the new apple breeding programs, the major objectives are: increased resistance to 
powdery mildew, high fruit quality and an extended shelf life of fruit (Cepoiu, 2000; Braniste, 2004). 

The durable incorporation of scab and mildew resistance can reduce the input of fungicides 
considerably. The great majority of released scab resistant apple varieties carry the Vf scab resistance 
originating from Malus floribunda 821. However, this type of mainly monogenic resistance has shown to 
be subject to resistance breakdown under severe infection conditions (Parlevliet, 1993). In particular 
polygenic resistance and major resistance genes should be combined.  Polygenic or partial resistance, 
based on a quantitative genetic support is considered to be durable (Kellerhals et al., 1994, Lespinasse., 
2000, Sansavini et al., 2004). 

In this sense, in 2000, the Research Institute for Fruit Growing Pitesti, Arges, Research Station for 
Fruit Growing Voinesti, Dambovita and International Fruit Obtention Angers, France started a joint 
research program oriented to the development of new apple cultivars with superior characteristics than 
those presently grown. In fact, this cooperation started in 1996 by a biological material exchange (pollen, 
budsticks) enriching the apple breeding program. 

 
2. Material and methods 
 

The hybridization and selection work was carried out in the experimental apple fields at Research 
Institute for Fruit Growing Pitesti and Research Station for Fruit Growing Voinesti. 

The current working techniques such as the controlled cross pollination, artificial infections and 
recurrent positive selection in all development stages of hybrids were employed. The biological material 
resulted (12,961 hybrids on their own roots) was examined according to the usual working methodology 
involved in breeding of new genotypes: going over the growing and fruiting stages, response to the stress 
factors (diseases, pests, climate and soil conditions), fruit quality and their shelf life. (Cociu, 1989) 

The selections were grafted on M9 rootstock and introduced in the field trials. 
In the hybridation schemes, the main genitors were chosen from the presently grown varieties: 

‘Romus 4’, ‘Romus 6’, ‘Generos’, ‘Auriu de Bistrita’, ‘Ardelean’, ‘Rustic’, ‘Irisem’, ‘Rebra’, ‘Florina’, 
‘Ciprian’ and 14 new apple cvs. were introduced as character parents with higher quality fruit in terms of 
size, shape, colour and particularly taste having various ripening season and extended shelf life (table 1) 
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3. Results and discussion 
 

During 2001 – 2009, to provide a great deal of genetically diverse breeding material, 254 hybrid 
combinations were done: 123 ones at Research Institute for Fruit Growing Pitesti and 131 at Research 
Station for Fruit Growing Voinesti resulting 12,961 hybrids. The most varieties employed as genotypes 
were the following: ‘Ariane’, ‘Goldrush’, ‘Dalinette’, ‘Falstaff’, ‘Florina’, ‘Ciprian’, ‘Rebra’. 

The hybrid seedlings with 2 - 4 leaves were subjected to an artificial infection in the glasshouse. 
The resulted hybrids after eliminating the scab susceptible ones (30-55%) were transplanted in the hybrid 
nursery where in the 1st and 2nd growing season were again selected for the powdery mildew 
susceptibility. Following these positively recurrent selection, 12,961 hybrids were transplanted in the 
selection field. 

The transplanting of hybrids in the selection field was alone little by little, the evaluation and 
selection of genotypes for the fruit quality being not completed yet. 

Out the total of 12,961 hybrids in the selection field, there were entirely evaluated about 11.8% 
respectively, 2001 hybrid series (after 4 bearing years), some of 2002 and 2003 series, resulting 
numerous promising selections. Of these, 12 selections (10 at Research Institute for Fruit Growing and 2 
at Research station for Fruit Growing Voinesti) were grafted on M9 rootstock and introduced in the field 
trials (table 3). 

The great number of hybrids (about 82%) which did not reach the fruiting stage will further 
represent a high potential which can be useful in years to come. 

Downwards, there are described the fruit characteristics of the best selections: 
P 01/R1P43 selection resulted from ‘Romus 4’ x ‘Florina’ crossing, has got field resistance to scab 

and powdery mildew. The fruit is mid-large sized (160 - 175 g), tronconical with dark red skin on a yellow 
ground colour, with strips and lenticels. The flesh is juicy, fine flavoured with a sweet taste (photo 1). 

P 03/R8P1 selection resulted from ‘Rebra’ x ‘Pinova’ crossing and has got field resistance to scab 
and powdery mildew. The fruit is moderate in size (145 g), blunt spherical, peduncle of medium length 
and thickness, red-orange skin on a yellow ground colour, visible lenticels and rugosity at the pedunculate 
cavity. The flesh is firm (over 8 kgf/cm2 at harvesting), crispy and juicy with a very good taste (photo 2). 

V 1/4 selection resulted from ‘Luca’ x ‘Florina’ crossing done in 2001. The tree on its own roots 
has a medium vigour. It showed a field resistance to scab and powdery mildew. The fruit is big (210 g), 
globulous shaped with even contour, slightly assimetrically to the calyx. The ground colour is yellow 
covered by purple red on the entire surface and it has visible lenticels. The flesh is firm, crispy, juicy with 
a very good taste. 

V 1/11 selection resulted from ‘Luca’ x ‘Florina’ crossing done in 2001. The tree has a medium 
vigour with field resistance to scab and powdery mildew. The fruit is big (190 - 215 g), globulous shaped 
with a mid peduncle. The ground colour is yellow covered by dark red on the entire surface. The flesh is 
cream coloured, crispy, firm, juicy with good taste.                                           

 
4. Conclusions 

 
This cooperation project provides:  

1. Harmonization working methodology between Romanian apple breeding program and European 
breeding program; enrichment of the genetic basis used to create new apple genotypes, with 
resistance to disease and fruit quality 

2. Cross combinations with large number of descendants, which provides increased genetic 
recombination and phenotypic expression, insuring optimal conditions for carrying out studies on 
genetic variability: heritability, genetic gain, etc.  

3. "Open" evaluation in the selection process with participation of breeders, commercial growers, 
consumers and traders  

4. This cooperation creates an framework of the international level, to promote and marketing new 
obtained varieties. 
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Table 1. Varieties used as genitors in breeding program 
 

No Variety Breeder Parentage Pick 
date (*) 

SS / SR 
(**) Fruit Gene source for 

0 1 2 3 4 5 6 7 
1 Ariwa FAW Wadenswil (CH) Golden Delicious x A 

849-5 + 3 SR 
(Vf, Pl1) 

Orange-red, very firm, slightly sweet - scab and powdery 
resistance;  firm flesh 

2 Ariane  INRA Angers (F) 
Complex hybrid 

(involving Florina, 
Prima, Golden D.) 

+ 5 SR  
(Vf) 

Red colour, with apparent lenticels, good 
quality, high sugar and acidity, crunchy. Long 
storage.  

- scab resistance 
- long storage 

3 Crimson Crisp 
(Coop 39) PRI (USA) PCFW2-134 x PRI 

669-205 - 5 SR 
(Vf) 

Very bright (75-100%), medium to dark red at 
sun-exposed side, attractive, mildly tart, crisp, 
sweet, spicy flesh, full rich flavour. 

- scab resistance 
- very nice skin 
- full rich flavor flesh 

4 Dalinette 
Choupette(cov) 

INRA Angers + Ligonniere 
nursery (F) 

Sel. X 4598 x Sel. X 
3174 + 22 SR 

(Vf, Vbj,Vr) 
Medium size, red overcolour (70%), flesh 
sweet – tart, aromatic 

- scab resistance 
- good storage 

5 Dalinbel  
Antares (cov) 

INRA Angers + Ligonniere 
nursery (F) Elstar x X3191 + 20 SR 

(Vf, Vbj, Vr) 
Medium size, good quality, high sugar and 
acidity, crunchy. Long storage. 

- scab resistance 
- full rich flavor flesh 

6  
Falstaff East Malling (UK) James Grieve x 

Golden Delicious + 10 SS Red flushed, striped fruits well balanced 
flavour, crisp and juicy - crisp and juicy flesh 

7 Goldrush  
(Coop 38 ) PRI (USA) Coop 17 x Golden 

Delicious + 25 SR 
(Vf) 

Yellow, slight red blush, flesh rich spicy flavor 
with a high degree of acidity and sweetness. 

- scab resistance 
- long storage (after 7 
months) 
- very firm flesh 

8 Enterprise (Coop 
30) PRI (USA) PRI 1661-2 X PRI 

1661-1 + 15 SR 
(Vf) 

Very bright glossy finish; washed 80 to 100% 
medium red to slightly orange, very attractive, 
juicy, very good quality. 

- scab resistance 
- very nice skin 
- good storage 

9 Luna  Institute Experimental Botany 
Praga, (CZ) 

Topaz x Golden 
Delicious + 15 SR 

(Vf) Yellow skin, juicy, firm flesh - scab resistance 
-  very nice skin 

10 Saturn  East Malling, Anglia TSR 15T3 x Stark 
Spur Golden - 3 SR 

(Vf) dark red flame (75%), firm - scab resistance 
- firm flesh 

11 Corail 
Pinova  Inst. Pillnitz – Dresda (GER) Clivia x Golden 

Delicious - 3 SS Twotone color, ground yellow, overcolour 
bright red, crisp, juicy, tart flesh - crisp and juicy flesh 

12 Galmac  Centre des Fougères (CH)   Gala x Jerseymac - 15 SS 
skin colour green-yellow with ¾ flushed dark 
red, firm flesh, juicy, sweet / tart well balanced, 
aromatic flavour 

- firm, balanced flavour, 
aromatic flesh 

13 Diwa  FAW Wadenswil (CH) (Idared x Maigold) x 
Elstar - 7 SS 

Color striped/flecked, mainly with solid blush, 
dark red (75%), juice, balanced sugar/acid 
ratio, good firmness, good quality and storage 

- firm flesh 
- good storage 

14 Honey Crunch Minnesota Univ. (USA) Macoun x Honey 
Gold - 14 SS Orange/red (60%) over yellow color, large, 

exceptional texture and juiciness - crisp and juicy flesh 

(*) Days before (-) or after (+) Golden Delicious (in Romania 2nd decade of September) 
(**) SR = Scab Resistant; SS = Scab Susceptible 
Vf, Vbj, Vr = scab resistance, Pl1=mildew resistance 
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Table 2. Annual breeding activities 
 

No. of  genitors used for 
Year of 

hybridization Scab 
resistance Fruit quality 

No. of hybrid 
combinations 

No. of 
inflorescences 

pollinated 

No. of 
hybrids in 
the filed 
selection 

No. of 
selections 

2001 10 8 25 2,924 877 8 
2002 10 6 23 2,830 1,366 2 
2003 12 7 34 3,356 1,798 2 
2004 13 10 49 4,780 1,504 
2005 7 12 22 3,422 874 
2006 9 10 27 2,970 1,453 
2007 9 12 30 3,214 2,166 
2008 8 12 29 2,620 2,920 
2009 4 10 15 5,252 - 

Not 
evaluated 

(about 82%) 

TOTAL 82 87 254 31,368 12,961 12 
 
 

Table 3. Selection introduced in the field trials 
  

Year of hybridization Selection Genitors 
P 01/ R1P6 Romus 4 X Florina 

P 01 / R1P17 Romus 4 X Florina 
P 01 / R1P43 Romus 4 X Florina 
P 01 / R1P53 5/80 H X Generos 
P 01 / R1P104 Romus 4 X Florina 
P 01 / R9P18 Romus 6 X Florina 

V 1 / 4 Luca X Florina 

2001 

V 1 / 11 Luca X Florina 
P 01 / R1P92 Romus 5 X Tiang Xang Li 2002 P 01 / R4P37 Romus 5 X Tiang Xang Li 
P 01 / R7P5 Florina X Saturn 2003 P 01 / R8P1 Rebra X Pinova 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


