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Abstract       Wild species are used in apple breeding as alternative sources 
of genetic resistance, in order to develop cultivars with specific gene 
combinations that validate in durable resistance. The inheritance of major 
apple traits in F1 hybrids population belonging to intra and interspecific 
hybridisation were analysed. General combining ability (GCA) and specific 
combining ability (SCA), respectively additive and non-additive gene actions, 
contributed significantly to the expression of analysed apple characteristics. 
Seedlings vigour, juvenile period and fruit size oscillated significantly among 
the studied apple combinations, depending on parental formula. The smallest 
vigour was noted for Malus prunifolia x M. niedzwetzkyana hybrids, which 
also had the shortest juvenile period (4.91 years). The data regarding fruit 
size, illustrated the quantitative (polymorphic) inheritance of the trait, both due 
to GCA and SCA effects. Thus, rustic species strongly influenced the small 
fruit character among descendants, while the cultivars determined the largest 
fruit of seedlings. The smallest values obtained for apple scab and powdery 
mildew attack were noted for M. prunifolia x M. niedzwetzkyana hybrids. The 
coefficient of variability illustrated the possibility to select valuable progenies 
for analysed traits in all hybrid combination. Combining ability determined in 
the mating cross scheme using Griffing diallel pattern brings more 
understanding of gene nature and actions involved in the expression of 
quantitative traits, so that is more reliable to predict the performance of the 
progenies and facilitate the introgression process of desired genes from wild 
species (crab apple) in order to obtain new genotypes of edible or ornamental 
apple.   
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One of the most important methods to create 

variability in apple breeding, in order to obtain new 

valuable cultivars, remains intraspecific hybridizations. 

Due to its extensively practice and especially as the 

result of choosing a confined base for genitors, as there 

were tendency to use the most recognised apple 

cultivars for fruit quality, meaning a relatively small 

number of options, and thus leading to a narrow 

genetic basis (Kellerhals M. et al., 2004), in the process 

of apple selection the threat of losing genetic diversity 

is a continuous concern (Sestras R., 2004). Obtaining 

new and valuable genotypes is even more challenging 

as most of the economical traits of interest in apple are 

of quantitative nature (determined by polymorphism).  

Nevertheless, intra- and inter-specific 

hybridization has been used and exploited in breeding 

programmes in order to incorporate desirable traits 

from wild species into breeding gene pools (Coart E. et 

al., 2003). The drawback of using apple crab species as 

genitors is the high rate of inducing also undesirable 

characteristics to descendants. Most of the wild apples 

determine a scanty quality of fruit (e.g. size, taste, 

flavour, etc.). For this reason it is needed that inter- and 

intra-specific hybridization to be made over several 

generations, among which selection can be effective 

and crosses with valuable genitors can correct the less 

qualitative characteristics. Backcross or “modified 

backcrosses” (Crosby J.A. et al., 1990) can be also 

useful to ameliorate rustic traits. By this manner were 

obtained the cultivars with genetic resistance to apple 

scab (determined by „Vf‟ gene, incorporated from 

Malus floribunda), of „PRI‟ (Purdue-Rutgers-Illinois) 

series within the well known „The PRI apple breeding 

program‟ (Janick J., 2006). 

Notwithstanding the prolonged time intervals 

implied for obtaining a new apple cultivar on the basis 

of interspecies hybridization, the use of wild species 

remains one suited tool for obtaining a wider genetic 

base in apple breeding, for sustainable fruit production 

(Coart E. et al., 2003). The evaluation of germplasm is 
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important both in order to identify which genotypes 

can be recommended for ecological culture, but also to 

identify possible genitors for breeding programs. 

Interspecies hybridization offer possibilities to 

obtain qualitative genotypes for apple breeding, 

covering both dessert and ornamental apple. By 

crossing crab apple with valuable cultivars (for dessert) 

results a wide variability, which give the opportunity to 

identify progenies with decorative peculiarities (Sestras 

R. et al., 2009). While some traits may have different 

significances among edible and decorative cultivars, 

like for ornamental apple large fruit are considered to 

have a negative effect vs. commercial dessert cultivars 

that are suppose to have large fruit, a good resistance to 

biotic and abiotic factors is to be one common 

objective to be achieved. Resistance to stress can be 

inherited from the rustic genitor, and therefore crab 

apples are useful genitors in breeding programs (Dan 

C. et al., 2010). Wild species are prominent sources for 

variability in regard to stress factors, like several Malus 

species carrying resistance genes to the main apple 

diseases: apple scab - Venturia inaequalis (Cke.) 

Aderh. and powdery mildew - Podosphaera 

leucotricha (Ellis et Everh.) (Sestras R., 2004; Fischer 

C., 2000). 

 In a study on scab and mildew response of 

wild and ornamental Malus species from the Botanical 

Garden Collection, Polish Academy of Sciences in 

Warsaw, generally, wild species were more tolerant 

than cultivated apples (Dziubiak M., 2004). Some of 

the accessions belonging to M. baccata, M. coronaria, 

M. florentina, M. fusca, M. x micromalus, M. sieboldii 

had little or no damage due to scab and mildew attack. 

Even so, there were other accessions, e.g. M. sieversii 

seedlings, which were moderately susceptible or 

susceptible (cultivars „Rajewskie‟, „Ribston Pippin‟, 

„Rosenstreifling‟, „Fraas‟, „Sommer Kalvil‟).  

 The fact that the majority of the desired traits 

for apple, most of the economical traits of interest, 

have a quantitative heredity makes the selection 

process even more difficult and the course of action for 

obtaining new cultivars even more intricate. 

Identification of the genetic effects involved in the 

heredity of some characters might help as to give 

directions for the breeders. 

The aim of the current study was to evaluate 

the total genetic variation due to the general combining 

ability (GCA) of the parents and the specific 

combining ability (SCA) of the crosses, in several 

intra- and interspecific combinations, for several major 

traits pursued in apple breeding. 

 

Material and Methods 

 
Apple seedlings obtained from six crosses 

between two cultivars („Roșu de Cluj‟ and „Reinette 

Baumann‟) and two wild species (M. prunifolia and M. 

niedzwetzkyana) were studied in a selection field at 

Fruit Research Station Cluj-Napoca, Romania. The 

seedlings analysed in the experiment, more than 30 in 

each combination, belong to incomplete diallel crosses, 

following the pattern of Griffing IV (Griffing B., 

1956), in which only direct hybridizations between 

genitors were made, without self-pollination and 

reciprocal.  

Several traits considered as important 

quantitative characters were analysed; the traits were 

described by marks according to UPOV guidelines for 

fruit varieties and ornamental apple (UPOV, 2003, 

2005), or as first year of fructification (considering 

juvenile period). Seedlings vigour was assessed using 

tree vigour scale, with the following marks: 3-weak; 5-

medium; 7-strong. Fruit size was recorded as follows: 

1-very small; 3-small; 5-medium; 7-large; 9-very large. 

The response to apple scab (Venturia inaequalis) and 

powdery mildew (Podosphaera leucotricha) attack was 

assessed using 0-5 scale, with marks: 0-no attack; 1-

very small attack; 2-small attack; 3-medium attack; 4-

strong attack; 5-very strong attack. The response was 

registered yearly, in natural field conditions, in absence 

of fungicide treatments. The individual value for 

hybrids and combination (family), depending on the 

trait and its manifestation, was calculated as mean for 

all years. 

The statistical analyses were undertaken using 

Student‟s t-test for analysis of variance (ANOVA) of 

statistical model for analysed traits, respectively 

Griffing IV pattern (Griffing B., 1956; Masiucova O. 

V., 1979). In addition, the coefficient of variation 

(CV%) was computed for each trait in each 

combination (family of F1 hybrids). Griffing scheme 

was used to decompose the overall variance into 

particular sources, considering four genitors crossed in 

six combinations, as diallel mating scheme, in order to 

calculate the general and specific combining abilities. 

 

Results and Discussions 
 

Seedlings vigour, juvenile period and fruit 

size oscillated significantly among the apple 

combinations, depending on parental formula (Table 

1). The smallest vigour was noted within the hybrid 

combination M. prunifolia x M. niedzwetzkyana, while 

the most vigorous hybrids were those obtained from M. 

prunifolia x „Reinette Baumann‟. „Roșu de Cluj‟ x 

„Reinette Baumann‟ also had small values for vigour, 

being among the ones suitable as possible genitors for 

inducing a small vigour to descendants. 

Hybrids of M. prunifolia x M. niedzwetzkyana 

had the shortest juvenile period (4.91 years) (Table 1). 

This result confirmed that wild species of Malus induce 

an earlier fructification, thus a short juvenile period, 

compared with cultivars (Sestras R., 2004). Likewise, 

seedlings from M. prunifolia x „Reinette Baumann‟ 

family were characterised by precocity (5.50 yr). On 

the other side were hybrids „Roșu de Cluj‟ x „Reinette 

Baumann‟ (7.37 yr), „Roșu de Cluj‟ x M. 

niedzwetzkyana (7.00 yr), „Reinette Baumann‟ x M. 
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niedzwetzkyana (7.25 yr), with a late fructification. The 

differences among the studied hybrid combinations 

enhance the possibility to reduce the time length of the 

juvenile period also by a proper selection of the 

genitors. Therefore, shortening the juvenile phase 

constitutes an important breeding objective, because 

juvenility period usually last between 4 and 10, or even 

more (Flachowsky H. et al., 2011). 

The data regarding fruit size illustrated the 

quantitative inheritance of the trait. Thus, rustic species 

induced the small fruit character to the descendants (M. 

prunifolia x M. niedzwetzkyana), while the cultivars 

(meaning valuable and tested genotypes) gave a larger 

fruit size among hybrids („Roșu de Cluj‟ x „Reinette 

Baumann‟) (Table 1). Never the less, the calculated 

coefficient of variation (very large) indicated that all 

hybrid combinations had individuals with extreme 

values for fruit size, determining a broad variability. 

On the whole, CV% showed more similar data 

for vigour and juvenile period than for fruit size, which 

had a large interval for the calculated values. On this 

basis it can be concluded that all hybrid combination 

may offer the possibility to select valuable progenies. 

 

Table 1 

Mean values for F1 seedlings vigour, juvenile period and fruit size in six apple combinations (Student’s t-test)  

Hybrid combination 

♀ x ♂ 

Vigour (marks) Juvenile period (year) Fruit size (marks) 

Mean CV% Mean CV% Mean CV% 

„Roșu de Cluj‟ x M. prunifolia 5.39
 - 

13.5 6.13 
- 

31.5 3.00
 - 

42.2 

„Roșu de Cluj‟ x „Reinette Baumann‟ 5.03
 o 

9.5 7.37 
xx 

11.2 4.40 
xxx 

22.0 

„Roșu de Cluj‟ x M. niedzwetzkyana 5.38 
- 

12.9 7.00 
xx 

9.0 3.13 
x 

36.7 

M. prunifolia x „Reinette Baumann‟ 6.03
 x 

10.3 5.50 
(o) 

19.1 1.33 
ooo

 61.2 

M. prunifolia x M. niedzwetzkyana 5.02 
oo 

6.6 4.91
 ooo 

19.2 1.18 
ooo

 51.0 

„Reinette Baumann‟ x M. niedzwetzkyana 5.50 
- 

15.4 7.25
 xx 

6.9 2.50 
- 

40.0 

Mean of experience (Control) 5.39 11.4 6.36 16.1 2.59 42.2 

Tree vigour (mark): 3-weak; 5-medium; 7-strong. 

Fruit size (mark): 1-very small; 3-small; 5-medium; 7-large; 9-very large. 
*, **, ***/o, oo, ooo 

Significant at P<0.05, 0.01 and 0.001 (positive, respectively negative). 

 

The smallest values obtained for apple scab 

and powdery mildew attack were noted for M. 

prunifolia x M. niedzwetzkyana hybrids (Table 2). This 

is somehow predictable, as normally crab apples are 

more tolerant to diseases than cultivars (Dziubiak M., 

2004). For this reason, wild species are used in apple 

breeding as alternative sources of genetic resistance, in 

order to develop cultivars with specific gene 

combinations that culminate in durable resistances 

(Bus V. et al., 2002). High marks, indicating intense 

attack, among the hybrids of „Roșu de Cluj‟ x „Reinette 

Baumann‟ illustrate the reduced tolerance to both apple 

diseases. This result might be due to the intensity of 

selection within cultivars that followed fruit quality 

and thus leaving „Roșu de Cluj‟ and „Reinette 

Baumann‟ progenies very sensitive to diseases.

 

Table 2 

Hybrids’ response to apple scab and powdery mildew attack (Student’s t-test) 

Hybrid combination 

♀ x ♂ 

Scab (marks: 0-1) Powdery mildew (marks: 0-1) 

Mean CV% Mean CV% 

„Roșu de Cluj‟ x M. prunifolia 2.25 
- 

55.1 2.02 44.9 

„Roșu de Cluj‟ x „Reinette Baumann‟ 3.17 
xxx 

36.9 4.17 
xxx 

14.3 

„Roșu de Cluj‟ x M. niedzwetzkyana 2.10 
- 

52.3 2.02 28.5 

M. prunifolia x „Reinette Baumann‟ 0.64 
ooo 

104.7 1.93 58.8 

M. prunifolia x M. niedzwetzkyana 0.61 
ooo 

83.6 1.33 
ooo 

35.3 

„Reinette Baumann‟ x M. niedzwetzkyana 1.74 
- 

64.3 1.40 
ooo 

50.3 

Mean of experience (Control) 1.75 66.2 2.15 38.7 

Response to attack: 0-no attack; 1-very small attack; 2-small attack; 3-medium attack; 4-strong attack; 5-very strong 

attack (registered yearly, in natural field conditions, in absence of fungicide treatments and calculated as mean for all 

years). 
*, **, ***/o, oo, ooo 

Significant at P<0.05, 0.01 and 0.001 (positive, respectively negative). 

 

The hybridization mating scheme assured the genetic 

variance decomposition into several orthogonal 

components: additive effects of genes, dominance 

effects and genetic interactions. In addition, the scheme 

of hybridization generates information useful for 

understanding the genetic control of the analyzed traits, 

respectively computed the genetic effects and the 

general combining ability (GCA) of the parents and 

specific combining ability (SCA) of the crosses (Tables 

3-7).
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Table 3 

SCA and GCA effects, SCA constancy, and their influence on F1 apple hybrids vigour,  

depending on parental combinations 

Combination 

♀ x ♂ 

SCA effect GCA 

effect 

SCA 

constancy M. prunifolia „Reinette Baumann‟ M. niedzwetzkyana 

„Roșu de Cluj‟ 0.0520 -0.3676 0.3156 -0.1882 0.1181 

M. prunifolia   0.3156 -0.3676 0.1319 0.1181 

„Reinette Baumann‟     0.0520 0.1941 0.1181 

M. niedzwetzkyana       -0.1379 0.1181 

SD for significance of GCA effect: SD 5%=0.0413; SD 1%=0.0544; SD 0.1%=0.0697. 

SD for significance of SCA effect: SD 5%=0.0675; SD 1%=0.0888; SD 0.1%=0.1138. 

 

Table 4 

SCA and GCA effects, SCA constancy, and their influence on F1 apple hybrids juvenile period,  

depending on parental combinations 

SD for significance of GCA effect: SD 5%=0.0586; SD 1%=0.0770; SD 0.1%=0.0987. 

SD for significance of SCA effect: SD 5%=0.0956; SD 1%=0.1257; SD 0.1%=0.1612. 

 

Table 5 

SCA and GCA effects, SCA constancy, and their influence on F1 apple hybrids fruit size,  

depending on parental combinations 

Combination 

♀ x ♂ 

SCA effect GCA 

effect 

SCA 

constancy M. prunifolia „Reinette Baumann‟ M. niedzwetzkyana 

„Roșu de Cluj‟ 0.1600 0.2009 -0.3609 1.3775 0.0983 

M. prunifolia   -0.3609 0.2009 -1.1275 0.0983 

„Reinette Baumann‟     0.1600 0.2316 0.0983 

M. niedzwetzkyana       -0.4816 0.0983 

SD for significance of GCA effect: SD 5%=0.0870; SD 1%=0.1144; SD 0.1%=0.1466. 

SD for significance of SCA effect: SD 5%=0.1421; SD 1%=0.1868; SD 0.1%=0.2394. 

 

Table 6 

SCA and GCA effects, SCA constancy, and their influence on F1 apple hybrids response to apple scab attack,  

depending on parental combinations 

Combination 

♀ x ♂ 

SCA effect GCA 

effect 

SCA 

constancy M. prunifolia „Reinette Baumann‟ M. niedzwetzkyana 

„Roșu de Cluj‟ 0.2445 0.1387 -0.3832 1.1313 0.112032 

M. prunifolia   -0.3832 0.1387 -0.8756 0.112032 

„Reinette Baumann‟     0.2445 0.1472 0.112032 

M. niedzwetzkyana       -0.4029 0.112032 

SD for significance of GCA effect: SD 5%=0.0503; SD 1%=0.0661; SD 0.1%=0.0847. 

SD for significance of SCA effect: SD 5%=0.0821; SD 1%=0.1080; SD 0.1%=0.1384. 

 

Table 7 

SCA and GCA effects, SCA constancy, and their influence on F1 apple hybrids response to powdery mildew 

attack, depending on parental combinations 

Combination 

♀ x ♂ 

SCA effect GCA 

effect 

SCA 

constancy M. prunifolia „Reinette Baumann‟ M. niedzwetzkyana 

„Roșu de Cluj‟ -0.4347 0.6036 -0.1689 0.8860 0.2916 

M. prunifolia   -0.1689 0.6036 -0.5772 0.2916 

„Reinette Baumann‟     -0.4347 0.5317 0.2916 

M. niedzwetzkyana       -0.8405 0.2916 

Combination 

♀ x ♂ 

SCA effect GCA 

effect 

SCA 

constancy M. prunifolia „Reinette Baumann‟ M. niedzwetzkyana 

„Roșu de Cluj‟ 0.3285 -0.2195 -0.1090 0.7090 0.0828 

M. prunifolia   -0.1090 -0.2195 -1.2715 0.0828 

„Reinette Baumann‟     0.3285 0.5215 0.0828 

M. niedzwetzkyana       0.0410 0.0828 
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SD for significance of GCA effect: SD 5%=0.0459; SD 1%=0.0604; SD 0.1%=0.0774. 

SD for significance of SCA effect: SD 5%=0.0750; SD 1%=0.0986; SD 0.1%=0.1264. 

 

The values calculated for GCA and SCA 

effects in F1 apple populations are significant for 

majority of analysed traits and genitors. The results 

confirm that within the combinations, both effects of 

GCA and SCA are important in the genetic 

determinism of the analysed traits. Altogether, these 

results were possible to predict on the basis of mean 

marks calculated before (Tabels 1 and 2), respective 

mean values for F1 seedlings vigour, juvenile period, 

fruit size and disease response in the six apple 

combinations, which once again sustain the polygenic, 

quantitative, feature of the traits. 

The additive effects of the polygenes act in 

the direction of inducing a small vigour to the 

offsprings of „Roșu de Cluj‟ and M. niedzwetzkyana, 

while the descendants of „Reinette Baumann‟ and M. 

prunifolia are characterized by a large vigor (Table 3). 

The short juvenile period of M. prunifolia (Table 4) 

was also caused by the additive effects. Data 

summarised in Table 5 show that the two wild species 

transmit to their seedlings the rustic feature, respective 

small fruit size.  

Within interspecies hybridizations, depending 

on the second cultivar used for crosses, M. prunifolia 

and M. niedzwetzkyana may induce a small size of fruit 

also because of the dominance and epistasis genetic 

effects. These polygenic response contribute to the fruit 

size inherited from the rustic genitor, thus it is more 

probable to find genotypes valuable for ornamental 

apple, than for dessert (Dan C. et al., 2010). 

Among the genitors used in the diallel mating 

crosses, M. prunifolia and M. niedzwetzkyana showed 

low, negative values of GCA for the response to 

diseases attack, with statistically assured differences 

(very significant); this denote the species capacity to 

transmit to their progenies a good resistance to the two 

fungal diseases (Tables 6 and 7). The results were 

opposite for both cultivars „Roșu de Cluj‟ and „Reinette 

Baumann‟, which possess a GCA effects that 

determine susceptible progenies to apple scab and 

powdery mildew attack (both of them with positive and 

assured values of general combining ability in this 

direction). As well as for vigour, juvenility and fruit 

size, also for diseases response both GCA and SCA 

effects were involved in phenotypic expression on F1 

hybrids. If GCA effects contribute to the transmission 

of the traits from ascendants to descendants, the SCA 

effects, which were consistent in experiment, 

contribute substantially to expression of characters in 

F1 progenies. 

 

Conclusions 

 
In conclusion, the analysis of mating cross 

using Griffing diallel pattern might be illustrating 

concrete data in order to split the total genetic variation 

into general combining ability (GCA) and specific 

combining ability (SCA). The GCA and SCA effects 

illustrated additive and non-additive gene actions 

(Machikowa T. et al., 2011), respectively the 

performance of a particular genitor in a series of hybrid 

combinations (GCA), and the performance of a 

combination of one specific genitor in a particular 

cross (SCA). In addition, combining ability might 

support the understanding of gene nature and actions 

involved in the expression of quantitative traits, so that 

is more reliable to predict the performance of the 

progenies (Masiucova, O. V., 1979; Falconer, D.S., 

and T.F.C. Mackay, 1996; Sestras R. et al., 2009; Dan 

C. et al., 2010; Machikowa T. et al., 2011). This 

knowledge could facilitate the introgression process of 

desired genes from wild species to new genotypes of 

edible or ornamental apple. 
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