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Rosaceae family is characterized by the large number of genus and species which are of 

great importance for horticulture. The main goal of this research was to analyze 

pomological traits in order to determine biodiversity existence between five genotypes 

(G) of genus Rosa belonging to four different taxons (G1 - Rosa canina L., G2 - Rosa 

corymbifera Borkh., G3 - Rosa canina L. var. squarrosa A. Rau Rosa squarrosa (A. Rau) 

Boreau, G4 - Rosa subcanina (Christ.) Vuk., G5 - Rosa corymbifera Borkh) in continental 

part of Croatia during two years. Genotype had significant effect on all pomological traits, 

while year and interaction between year and genotype affected the majority of 

pomological traits. Multivariate discriminant analysis successfully explained 77.48% of 

total variability. It achieved separation of genotypes G5 and G1 from genotypes G2 and 

G4 using canonical axis 1 (Can1) (46.74% of total variability mostly influenced fruit 

length, width, volume, surface, and shape index). Likewise, genotype G2 was separated 

from genotype G3 by the Can2 axis (30.74% of total variability mostly influenced by fruit 

mass). Since genotypes G2 and G5 were of the same species (Rosa corymbifera), their 

separation by Can1 axis indicates notable effect of ecological factors on pomological 

traits, which was not the case for Rosa canina genotypes (G1 and G3) where no 

separation occurred, indicating major effect of hereditary factors on studied pomological 

traits on this species. 
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INTRODUCTION 

Rosaceae family is characterized by the large number of genus and species that are of 

great importance for agriculture. The genus Rosa is the most important genus in floriculture, but 

in addition to its ornamental value its nutritional, medical and cosmetic values are also 

recognized (JOUBLAN and RIOS, 2005; ÇELIK et al., 2009). The importance of Rosa genus is 

indicated by its historical background. Cultivation of Rosa rubiginosa L. began in the Nordic 

countries as early as 1551, followed by Rosa canina L. in 1737 and Rosa dumalis Bechst. in 

1872 (UGGLA, 2004; according to GUSTAVSSON, 1998). Rose cultivation as a fruit-bearing plant 

in southern Europe, Asia and South America began in the 18th and 19th centuries. This is the 

period when the species Rosa canina, Rosa villosa L., Rosa blanda Aiton, Rosa majalis Herrm., 

Rosa pendulina L. and Rosa rugosa Thunb. were introduced into cultivation (PORPÁCZY and 

KOLLÁNYI, 2009). Today Rosa canina ´Laxa´ (Rosa corymbifera ´Laxa´; according to 

WERLEMARK, 2009), the most widespread rootstock in Europe for garden roses, is commonly 

used in fruit production. In recent years, Croatia has seen a significant increase in production 

areas under this crop, which can be explained by small initial investments for establishing 

plantations (cheap planting material) and state incentives received by producers. However 

currently only several varieties and hybrids of species from the genus Rosa are present in 

cultivation in Europe and Turkey, but they are mostly of local importance (BUNDESSORTENAMT, 

1999; UGGLA, 2004; PORPÁCZY and KOLLÁNYI, 2009; WERLEMARK, 2009; WERLEMARK and 

NYBOM, 2010; TOMLJENOVIĆ et al., 2016; GÜNEŞ et al., 2017). Hence today numerous studies are 

directed towards the selection of Rosa spp. genotypes with favorable agronomic and pomological 

characteristics. In the breeding process of the genus Rosa spp., the greatest attention is paid to 

pomological traits, which are the main key to greater market expansion. 

However, genus Rosa is characterized by complex relationships between species which 

are not fully genetically and taxonomically separated. In several studies (MATSUMOTO et al., 

1998; WISSEMAN and RITZ, 2005; SMULDERS et al., 2011 according to BRUNEAU et al., 2007), 

extremely low levels of DNA sequences divergence were found in the genus Rosa, suggesting 

that it is a young genus in which many speciations have occurred since the last Glacial period. 

Although fossil evidence suggests a fairly ancient origin of the genus Rosa, the spread and 

diversification process is recent. As a diversification center for roses SU et al. (2016) state China. 

Approximately half of the Rosa species occur in Asia while Europe and North America have 

approximately a quarter of the species each (FOUGÈRE-DANEZAN et al., 2015). Among the 

approximately 200 species of roses widespread in the temperate and subtropical regions of the 

northern hemisphere, 95 are native to China of which 65 are endemic (SU et al., 2016 according 

to FAVRE et al., 2015). Recent molecular studies reveal that complex topography and climate in 

southwest China played a key role in diversification of many plant groups which may also have 

been an evolutionary scenario in Rosa species and led to great diversity at that area (SU et al., 

2016). High CO2 levels were one of the important climatic factors which could also increase 

evolutionary and selective pressures on plants due to induction of abiotic stress (DE BODT et al., 

2005). Significant polymorphism between and within species of this genus was influenced by 

hybridization, polyploidy and the asymmetric type of meiosis (so-called canina meiosis) (DE 

COCK et al., 2008; WROŃSKA-PILAREK, 2010). The genus Rosa is taxonomically very complex 

with unclear boundaries between species and therefore difficulties are present in their 
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determination. Despite intensive study of this genus in the last 200 years, with the use of 

morphological, anatomical, micromorphological and palynological tools and as well various 

molecular markers a better insight into the relationships between species and sections has been 

created, although final solution is still not present (TOMLJENOVIĆ and PEJIĆ, 2018). 

Species of the genus Rosa are xeromesophytes (GHIORGHIŢĂ et al., 2012a) and are found 

on all continents (except Antarctica). The genus Rosa is distributed throughout the temperate 

zones of the entire northern hemisphere, spreading to the south in the regions with a 

Mediterranean climate or even to mountainous parts of tropical latitude. In the area of Republic 

of Croatia, 37 species with a large number of synonyms in Croatian and Latin terminology 

(NIKOLIĆ, 2018) have been determined, which makes their determination difficult. Spontaneous 

populations and ecotypes of species of this genus are considered cosmopolitan and are therefore 

present in all regions in diverse ecological conditions.  

Previous research in Croatia (ŠINDRAK et al., 2012; TOMLJENOVIĆ et al., 2016; 

TOMLJENOVIĆ et al., 2019) and in the world (UGGLA et al., 2003 according to NYBOM et al., 

1996; DE COCK et al., 2008; WERLEMARK, 2000; ERCIŞLI and EŞITKEN, 2004;) suggests the 

existence of variability of morphological and pomological traits, which is a good basis for the 

selection process of quality genotypes among species of this genus. Accordingly, it can be 

assumed that in Croatia, as well as in the investigated area of the continental part of Croatia, 

there is a significant in situ biodiversity between the species of the genus Rosa. It should also be 

noted that in Croatia no systematic research on botanical and agrobiological traits of genus Rosa 

was conducted, nor has the agrobiodiversity of these species has been used for breeding. 

The main goal of this research was with the analysis of pomological traits to determine 

biodiversity existence between four different taxons or five genotypes of genus Rosa on 

continental par of Croatia.  

MATERIALS AND METHODS 

Plant material 

To estimate pomological variability of native genus Rosa populations, five genotypes 

from four locations of mainland Croatia areas were selected and sampled. Genotypes were 

labeled from G1 to G5 and their origin is stated in Table 1. 

 

Table 1. Origin and taxonomy mark of studied Rosa spp. genotypes 

Genotype Taxon Origin 

G1 Rosa canina L. Pitomača 

G2 Rosa corymbifera Borkh. Grabovac 

G3 Rosa canina L. var. squarrosa A.Rau Rosa squarrosa (A.Rau) Boreau Đakovo 

G4 Rosa subcanina (Christ.) Vuk. Đakovo 

G5 Rosa corymbifera Borkh. Velika Ludina 

 

Botanical analyses 

Botanical analyses of selected genotypes were conducted at Department of environmental 

biology, University of Sapienza, Rome, by professor E. Lattanzi. Taxonomy of studied 

genotypes is stated in Table 1. According to BAKKER et al. (2011), all listed species belong to the 

Caninae section and the Caninae subsection. 
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Pomological measurements 

Fruits were harvested at optimum harvest date in year 2010 and 2012. Afterwards, fruits 

were transferred to laboratory of Department of Pomology, Division of Horticulture and 

Landscape Architecture, University of Zagreb Faculty of Agriculture where measurements were 

conducted. Following pomological parameters were measured: fruit length (mm), fruit width 

(mm), middle geometrical fruit diameter (mm), fruit sphericity (%), fruit volume (mm3), fruit 

surface (mm2), fruit mass (g), fruit flesh mass (g), fruit flesh ratio (%), shape index and total dry 

matter (%). For each trait (except for total dry matter) from each genotype 20 fruits were 

analyzed per year. Regarding analysis of total dry matter trait 3 joint samples per year were 

analyzed (60 fruit in each year since 1 joint sample consisted of 20 fruits). Fruit length and width 

(mm) were measured by digital scrolling scale Prowin HMTY0006. Fruit mass (g) and fruit flesh 

mass (g) were measured by analytical balance OHAUS Adventurer AX2202. Fruit flesh ratio 

(%) was calculated by equation: (fruit mass / fruit flesh mass) x 100). Sphericity, volume, middle 

geometric fruit diameter (Md) and fruit surface were calculated by equations reported by DEMIR 

and KALYONCU (2003) according to JAIN and BAL (1997) and MC CABE et al. (1986). Analysis of 

total dry matter was conducted according to GHIORGHIŢĂ et al. (2012a) and GÜNEŞ (2010) and 

samples were dried by Dryer Binder ED115.  

 

Statistical analysis 

Data were statistically analyzed using SAS statistical software ver. 9.4 (SAS Institute, 

NC) using ANOVA, Tukey's HSD test (P ≤ 0.05) and discriminant multivariate analysis.  

 

RESULTS AND DISCUSSION 

According to ANOVA table (Table 2) year had significant effect on all pomological traits 

(P ≤ 0.001) except sphericity, shape index and fruit flesh ratio. Genotype had significant effect 

on all pomological traits (P ≤ 0.001). Interaction of year with genotype had significant effect on 

all pomological traits except sphericity and shape index. Significance of interaction was very 

high (P ≤ 0.001) in most cases, except for total dry matter (P ≤ 0.05). Due to the significant 

effect of year on majority of studied pomological traits the results were additionally analyzed 

separately for each year (Tables 2, 3 and 4). In 2010 and 2012 genotype had significant effect on 

all studied pomological traits with P ≤ 0.01 level of significance for total dry matter trait and P ≤ 

0.001 for all other traits (Table 1). Significant effect of year on majority of studied traits was 

probably due to less favorable ecological conditions (less precipitation) in 2012 (data not shown) 

when average values from majority of studied traits were reduced in comparison to 2010. 

Likewise, UGGLA et al. (2003) in three-year research of Rosa spp. reported that in one year fruit 

mass values were reduced (except for Rosa villosa) as a result of smaller precipitation amount 

and difference in its distribution during fruit ripening. 

According to Table 3 in 2010, genotype G1 had significantly higher fruit length than 

genotypes G2, G3 and G4. Genotype G2 had significantly smaller fruit length than all other 

genotypes with exception of genotype G3 where no significant difference was recorded. In 2012 

genotypes G1 and G4 had significantly higher fruit length than genotypes G2, G3 and G5. 

According to SOARE et al. (2015) fruit length is a trait with high variability which is in agreement 

with results obtained in this study. 
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  In Turkey (Van region) ÇELIK et al. (2009) reported that fruit length of Rosa spp. ranged 

from 15.28 to 33.83 mm. In a two-year study EKINCIALP and KAZANKAYA (2012) reported that in 

the Turkey (Hakkari region) average fruit length values of Rosa spp. ranged from 19.01 to 27.52 

mm. In Montenegro (Bijelo Polje region) ŠEBEK et al. (2019) reported that fruit length of Rosa 

canina L. ranged from 15.60 to 24.50 mm. In a three-year study in Turkey (Erzurum province) 

ERCIŞLI and EŞITKEN (2004) reported that average fruit length values of 12 Rosa spp. genotypes 

ranged from 22.48 to 36.42 mm. ERSOY and ÖZEN (2016), in the Turkish province of Bolu, 

reported that fruit length values of Rosa spp. ranged from 18.92 to 24.13 mm. In the pomological 

analysis of the Rosa spp. in northeastern Romania, ROSU et al. (2011) determined that average 

fruit length values of Rosa canina (seven genotypes), Rosa subcanina (two genotypes) and Rosa 

corymbifera (five genotypes) ranged from 16.8 to 24.0 mm, 19.3 to 22.0 mm and 15.4 to 21.5 

mm (respectively). In the spontaneous flora of the Romanian region of Oltenia, SOARE et al. 

(2015) reported that the magnitude of fruit length variation of the Rosa canina biotypes was 

between 14.20 and 24.90 mm, with a small to medium variability. ŠINDRAK et al. (2012) reported 

that fruit length of eight Rosa canina seedlings in Croatia varied from 20.40 to 25.30 mm. Fruit 

length values of Rosa spp. genotypes recorded in this study coincide with values obtained in 

other countries or are slightly lower.  

According to Table 3 in 2010 genotype G3 had significantly highest value of fruit width 

while lowest genotypes G1 and G5. In 2012 genotype G5 had significantly lowest fruit width 

value while genotype G2 had significantly higher than G1. According to these results a notable 

variation in fruit width of Rosa spp. genotypes is evident which is also confirmed by a few 

studies conducted in Turkey and other countries. The average fruit width of Rosa spp. selection 

obtained by ERCIŞLI and EŞITKEN (2004) ranged from 15.04 to 19.69 mm. According to DOGAN 

and KAZANKAYA (2006) fruit width of six Rosa species from Lake Van Basin (Eastern Anatolia 

Region, Turkey) ranged from 13.10 to 14.40 mm. ÇELIK et al. (2009) reported that fruit width of 

Rosa spp. ranged from 13.11 to 19.26 mm, while according to EKINCIALP and KAZANKAYA 

(2012) from 11.35 to 17.20 mm. Study in Tunisia on four Rosa spp. conducted by BEN CHEIKH-

AFFENE et al. (2013) showed that fruit width values ranged from 10.50 to 14.10 mm. In 

Montenegro (Bijelo Polje region) ŠEBEK et al. (2019) reported that fruit width of Rosa canina L. 

ranged from 9.20 to 14.40 mm. ŠINDRAK et al. (2012) reported that fruit width of eight Rosa 

canina seedlings ranged from 13.10 to 16.00 mm. In the pomological analysis of the 10 species 

of Rosa genus ROSU et al. (2011) determined that average fruit width values of Rosa canina 

(seven genotypes), Rosa subcanina (two genotypes) and Rosa corymbifera (five genotypes) 

ranged from 11.4 to 14.8 mm, 12.8 to 14.1 mm and 10.7 to 16.2 mm (respectively). As fruit 

length and width affect fruit mass and thus yield, these traits are of significant agronomic 

importance.  

According to Table 3 in 2010 genotype G3 had significantly higher middle geometrical 

fruit diameter than all other genotypes with exception of genotype G4. In 2012 genotype G5 had 

significantly smallest middle geometrical fruit diameter, while genotype G4 had significantly 

higher than G3. According to Table 3 in 2010 highest fruit sphericity had genotypes G2 and G3 

while lowest genotypes G1 and G5. In 2012 significantly highest fruit sphericity had genotype 
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G2, while genotype G3 had significantly higher than G1 and G5. According to Table 3 in 2010 

significantly highest fruit volume had genotype G3 and lowest genotypes G1 and G5. In 2012 

genotype G2 had higher fruit volume than all other genotypes with exception of genotype G4. 

Significantly lowest fruit volume had genotype G5. According to Table 3 in 2010 genotype G3 

had significantly higher fruit surface than all other genotypes with exception of genotype G4 

while between all other genotypes no significant difference was recorded. In 2012 genotype G4 

had significantly higher fruit surface than genotypes G3 and G5. Significantly lowest fruit 

surface had genotype G5. To the best of our knowledge, there is scarcity of published data on the 

above mentioned pomological traits of the Rosa spp. Therefore, it was not possible to make 

comparison with previously published results.  

According to Table 3 in 2010 significantly highest value of fruit shape index had 

genotype G1 and lowest genotypes G2 and G3. In 2012 significantly highest value of fruit shape 

index had genotypes G1 and G5. Genotype G2 had significantly lower value of fruit shape index 

than all other genotypes with exception of genotype G3. For the most part, the average values of 

the shape index ranged between values of 1 and 2, and thus the fruits were more or less 

elongated. DOGAN and KAZANKAYA (2006) reported that among six Rosa spp. fruit shape index 

varied between 1.11 and 2.05. EKINCIALP and KAZANKAYA (2012) reported that fruit shape index 

among Rosa spp. genotypes varied from 1.32 to 2.41, while according to ERSOY and ÖZEN (2016) 

from 1.23 to 1.81. In Hungary, KOVÁCS et al. (2000) reported that fruit shape index among Rosa 

spp. ranged from 1.18 to 2.14, whereas Rosa canina had fruit shape index from 1.82 to 1.52 (in 

1996 and 1997 year, respectively) and Rosa corymbifera from 1.37 to 1.45 (in 1996 and 1997 

year, respectively). In Romania Rosa canina genotypes obtained a shape index values between 

1.16 and 1.72 (GHIORGHIŢĂ et al., 2012b). ŠINDRAK et al. (2012) reported significant difference 

between fruit shape index values of eight Rosa canina seedlings which ranged from 1.48 to 1.86. 

The values obtained in this study are comparable to the values obtained in other studies. 

According to Table 4 in 2010 genotype G3 had significantly higher fruit mass than all 

other genotypes with exception of genotype G4. Genotype G4 had significantly higher fruit mass 

than genotypes G1 and G5. In 2012 significantly highest fruit mass had genotype G4 while 

lowest genotype G5. EKINCIALP and KAZANKAYA (2012) reported that fruit mass among Rosa 

spp. ranged from 1.55 to 3.92 g and according to ERCIŞLI and EŞITKEN (2004) from 3.15 to 4.80 

g. Among six Rosa spp. genotypes BEN CHEIKH-AFFENE et al. (2013) reported that fruit mass 

varied from 0.90 to 1.90 g. ERSOY and ÖZEN (2016) determined that the average fruit mass of 

Rosa spp. genotypes ranged from 1.40 to 2.77 g. In Montenegro (Bijelo Polje region) ŠEBEK et 

al. (2019) reported that fruit mass of Rosa canina L ranged from 1.25 to 2.76 g. According to 

ŠINDRAK et al. (2012) the average fruit mass of eight Rosa canina seedlings ranged from 1.88 to 

2.96 g. Obtained values in this study are in agreement or are slightly lower than the ones 

obtained in other countries. These results also indicate a large variation of this trait with a 

notable influence of environmental factors. 

According to Table 4 in 2010 genotypes G3 and G4 had significantly higher fruit flesh 

mass than genotypes G1 and G5. In 2012 genotype G4 had significantly higher fruit flesh mass 

than all other genotypes with exception of genotype G2. Genotype G5 had significantly lowest 

fruit flesh mass. BEN CHEIKH-AFFENE et al. (2013) reported that average fruit flesh mass of four 

Rosa species ranged from 0.69 to 1.20 g. ŠINDRAK et al. (2012) reported significant difference 
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between fruit flesh mass of eight Rosa canina seedlings while average values varied from 1.31 to 

1.94 g. 

 

Table 4. Fruit mass, flesh mass, fruit flesh ratio and total dry matter of fruits of Rosa spp. genotypes (mean 

and standard deviation) 

1means followed by the same letter with the same year are not significant according to Tukey’s HSD test at P≤0.05 

significance level 

 

According to Table 4 in 2010 genotypes G2 and G4 had significantly highest fruit flesh 

ratio while genotype G3 lowest. In 2012 genotypes G2 and G5 had significantly highest fruit 

flesh ratio while genotype G3 again lowest. According to GÜNEŞ (2010), fruit flesh ratio presents 

economically important trait since fruits are usually used for processing. ÇELIK et al. (2015), 

citing a number of other authors (UGGLA, 1991; KAZANKAYA et al., 2001; KIZILCI et al., 2007; 

DOLEK, 2008; ÇELIK, 2007; GÜNEŞ and DÖLEK, 2010), reported that fruit weight (and thus fruit 

flesh ratio) depends on variety, genotype, growing conditions, altitude, and genetic structure. 

DOGAN and KAZANKAYA (2006) (according to YAMANKARADENIZ, 1983) claim that the fruit 

flesh ratio of fruits from natural populations of Rosa spp. ranges from 56 to 80%. EKINCIALP and 

KAZANKAYA (2012.) reported that average fruit flesh ratio values of Rosa spp. ranged from 59.33 

to 76.69%, ERCIŞLI and EŞITKEN (2004.) from 63.11% to 71.13% and ERSOY and ÖZEN (2016.) 

from 64.92 to 82.83%. According to GÜNEŞ (2010.) fruit flesh ratio from natural populations of 

Rosa spp. in Tokat region of northern Anatolia (Turkey) ranged from 66.00 to 80.20%. In 

Montenegro (Bijelo Polje region) ŠEBEK et al. (2019) reported that fruit flesh ratio of Rosa 

canina L. ranged from 50.20 to 64.40%. According to KOVÁCS et al. (2000) studied Rosa spp. 

had fruit flesh ratio that ranged from 46.07 to 69.24% whereas for Rosa canina it was 62.66% 

and for Rosa corymbifera 62.12%. SOARE et al. (2015) reported that fruit flesh ratio values, 

expressed as a percentage of pulp per 100 g of fruit weight, ranged from 49.20 to 66.50%. ANCU 

et al. (2012) reported that in Romania fruit flesh ratio of Rosa pendulina L. accounted 89.91%. 

On four Rosa species (six genotypes), BEN CHEIKH-AFFENE et al. (2013) reported that fruit flesh 

ratio ranged from 63.60 (Rosa pomifera J. Herrmann) to 73.70% (Rosa canina). According to 

Genotype Fruit mass (g) Flesh mass (g) Fruit flesh ratio (%) Total dry matter (%) 

Year 2010 

G1  1,44 ± 0,29 c 0,98 ± 0,21 b 68,65 ± 3,21 b 31,25 ± 0,73 a 

G2  1,56 ± 0,25 bc 1,15 ± 0,17 ab 74,07 ± 3,49 a 32,61 ± 1,47 a 

G3  2,15 ± 0,45 a 1,31 ± 0,29 a 60,79 ± 2,74 c 31,72 ± 2,08 a 

G4  1,87 ± 0,38 ab 1,36 ± 0,30 a 72,72 ± 5,13 a 26,96 ± 1,77 b 

G5  1,45 ± 0,30 c 1,00 ± 0,21 b 69,06 ± 4,51 b 31,76 ± 0,92 a 

Year 2012 

G1  1,32 ± 0,27 b 0,87 ± 0,18 bc 66,82 ± 6,17 b 23,56 ± 0,58 abc 

G2  1,33 ± 0,37 b 0,99 ± 0,27 ab 75,17 ± 3,81 a 29,56 ± 3,19 a 

G3   1,29 ± 0,29 b 0,75 ± 0,15 c 58,71 ± 5,95 c 27,06 ± 1,30 ab 

G4  1,68 ± 0,34 a 1,12 ± 0,22 a 66,80 ± 3,42 b 21,18 ± 1,55 bc 

G5  0,66 ± 0,23 c 0,49 ± 0,16 d 74,75 ± 12,77 a 19,53 ± 1.29 c 
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ŠINDRAK et al. (2012) among eight Rosa canina seedlings fruit flesh ratio ranged from 65.40 to 

74.70%, and differences between genotypes were significant. Results in this study are in 

agreement with results obtained in above cited literature.  

According to Table 4 in 2010 significantly smallest percentage of total fruit dry matter 

had genotype G4, while between all other genotypes no significant difference was recorded. In 

2012 genotype G2 had significantly higher total fruit dry matter than genotypes G4 and G5. 

ÇELIK et al. (2015) reported that in the Turkish region of Van content of total dry matter of Rosa 

spp. varied from 45.70 to 53.26%. The data obtained by DEMIR and ÖZCAN (2001) show 

considerably lower total fruit dry matter amount of Rosa canina genotypes from Konya (Hadim) 

and Kastamonu province (Turkey) which ranged from 20.50 to 23.47%. ERCIŞLI and EŞITKEN 

(2004) reported that among Rosa spp. selections average values of total fruit dry matter ranged 

from 34.82 to 40.15%. According to DOGAN and KAZANKAYA (2006) total fruit dry matter 

among Rosa species ranged from 34.34 to 66.70 %. In Erzurum (Turkey) ERCIŞLI (2007) 

reported that among Rosa spp. average values of total fruit dry matter ranged from 33.85 to 

40.35%. EKINCIALP and KAZANKAYA (2012) recorded that among Rosa spp. values of fruit, total 

fruit dry matter ranged from 43.63 to 59.39% and according to ERSOY and ÖZEN (2016) from 

32.44 to 56.94%. Research conducted by ŠINDRAK et al. (2012) showed significant difference in 

fruit dry matter content of eight Rosa canina seedlings, which according to average values varied 

from 22.90 to 28.60%. In the research conducted by ROSU et al. (2011) average total fruit dry 

matter amounted from 27.53 to 49.90% for Rosa canina (seven genotypes), 32.93 to 33.00% for 

Rosa subcanina (two genotypes) and 31.09 to 38.87% for Rosa corymbifera (five genotypes). 

 

Table 5. Wilks’ Lambda test (Rao’s approximation) for selected pomological traits of Rosa spp. Genotypes 

Lambda 0.060 

F (Observed value) 21.274 

F (Critical value) 1.434 

DF1 36 

DF2 684 

p-value < 0.0001 

 

Among Rosa spp. (Rosa dumalis, Rosa rubiginosa, Rosa spinosissima L.), UGGLA (2004) 

reported significant increases in fruit dry matter during ripening and significant differences in the 

percentage of fruit dry matter among seedlings. However, author showed data only for Rosa 

spinosissima where in 36 days (at the time of fruit ripening) the percentage of dry matter 

increased from 18.80 to 23.40%. GÜNEŞ et al. (2016) also confirm that the amount of total dry 

matter increases with fruit ripening. In this study differences in the amount of fruit total dry 

matter can be attributed to the uneven maturation time of the studied genotypes or as DEMIR and 

ÖZCAN (2001) suggested to the differences in growing conditions, ecological factors and fruit 

size. Studies of total dry matter at different localities in Turkey obtained considerably higher 

values of fruit total dry matter, which could be attributed to the influence of ecological and 

growing conditions, fruit size, and probably genetic potential. UGGLA et al. (2003) stated 

existence of a highly significant positive correlation between fruit weight and fruit flesh weight, 

which are moderately negatively correlated with the percentage of dry matter.  
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High variability of majority of studied pomological traits of Rosa spp. genotypes can be 

due to numerous reasons. According to SMULDERS et al. (2011) quantitative (morphometric) 

characters of Rosa species show a continuous variation and are likely to be polygenically 

controlled. In a study of fruit growth properties of Rosa dumalis and Rosa jundzillii BESSER, 

DÖLEK and GÜNEŞ (2016) conclude that fruit development can be affected by ecological factors, 

genetics and breeding conditions. ŠINDRAK et al. (2012) assumed that high variations in fruit 

mass among Rosa canina seedling were as a result of the influence of agro-ecological conditions 

and genetic variability. SOARE et al. (2015) noted that fruit mass variations were due to 

divergence in site altitude and climatic conditions. 

Discriminant analysis showed significant difference between genotypes (Table 5) and 

revealed two significant canonical axes (Can1 and Can2, respectively) having eigenvalues higher 

than 1, comprising 77.48% of total variability (Fig. 1, Table 6). Can1 (46.74% of total 

variability) positively correlated with fruit width, sphericity, volume, fruit mass, fruit flesh mass; 

and negatively with fruit length and fruit shape index (Table 6). Can2 (30.74% of total 

variability) positively correlated with fruit flesh ratio and negatively with fruit mass. However, 

RENCHER (1992) stated that correlation coefficients do not contribute to the explanation of 

multivariate space but only indicate how much original variables are correlated with canonical 

axis for themselves and, hence, standardized coefficients are better for explanation of the 

influence of original variables to multivariate space. Standardized coefficients of Can1 had high 

positive values for fruit width, surface, flesh mass and shape index and negative values for fruit 

length and volume. Standardized coefficients for Can2 had high positive values for fruit surface 

and fruit flesh mass, and high negative values for fruit volume and fruit mass. Although fruit 

surface and fruit volume were positively correlated with Can1 and negatively correlated with 

Can2, only Can1 was considered because the standardized coefficient for the above traits was 

more than twice that for Can2. Can1 and Can2 showed positive values of standardized 

coefficients for fruit flesh mas, but the difference was not so pronounced and therefore this trait 

was considered unimportant for explanation.  

 

Table 6. Correlation coefficient and standardized canonical discriminant function coefficients (CCDF) for 

canonical axes (Can1 and Can2) for pomological traits of Rosa spp. Genotypes 

 

Trait 

Correlation coefficient CCDF 

Can1 Can2 Can1 Can2 

Fruit length -0.45 0.02 -8.11 -0.27 

Fruit width 0.61 -0.240 11.47   0.60 

Sphericity 0.85 -0.15   0.16   0.94 

Volume 0.62 -0.26 -12.10  -1.31 

Surface 0.281 -0.21    5.48   2.15 

Fruit mass 0.35 -0.36   -0.20  -5.28 

Flesh mass 0.43 -0.07    2.09   3.88 

Fruit flesh ratio 0.17 0.82   -0.05   -0.16 

Shape index -0.85 0.20    3.77    0.93 

Variance explained (%)    46.74   30.74 

Eigenvalue      2.12     1.40 
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Figure 1. Canonical Plot for a linear discriminant analysis of the pomological traits of genus Rosa spp. 

Genotypes (G1-G5) obtained during two seasons 

 

 

Fig. 1. showed that genotypes G5 and G1 distinguish themselves between genotype G2 

and partly G4 by the Can1 axis. Since genotypes G2 and G5 are of the same species, their 

separation by Can1 axis indicate notable effect of ecological factors on following pomological 

traits of Rosa corymbifera (Borkh): length, width, surface, volume, shape index. Although 

geographical distance between Rosa canina genotypes was similar as for Rosa corymbifera 

genotypes (Table 1), the same distinction for studied traits was not evident for Rosa canina 

genotypes. Such results indicate that hereditary factors have stronger impact on studied 

pomological traits of Rosa canina genotypes than ecological factors. 

 

 

CONCLUSIONS 

The analysis of pomological properties highlighted existence of notable variability of 

studied Rosa spp. genotypes as a result of the influence of ecological and hereditary factors. The 

highest values for most pomological important traits in both studied years had genotypes G2, G3 

and G4, while the lowest genotypes G1 and G5. According to multivariate analysis, certain 

pomological traits of Rosa corymbifera genotypes were influenced stronger by ecological factors 

than hereditary factors, while for Rosa canina genotypes the opposite was true. Consequently, 

this research highlighted the fact that in continental Croatia there is a huge Rosa spp. biodiversity 

which could be used for further breeding process.  



N. TOMLJENOVIC  et al.:  DIVERSITY OF THE GENUS ROSA IN CONTINENTAL CROATIA                        701 

ACKNOWLEDGMENTS 

 Special appreciation would be stated for Professor E. Lattanzi from Department of 

environmental biology, University of Sapienza, Rome, for her valuable contribution in this 

research regarding botanical determination of studied Rosa spp. genotypes. 

                       Received, April 22th, 2021 

                                                     Accepted February 12th, 2022 

 

REFERENCES 

ANCU, I., G., MLADIN, A., NUTA, M., STURZEANU, S., ANCU, M., BUTAC, M., MILITARU (2012): The study of native small 

fruits biotypes. Fruit growing research, XXVIII 

BAKKER, P., B. (N.C.M.), MAES, H. (J.D.), KRUIJER (2011): De wilde rozen (Rosa L.) van Nederland. Gorteria, 35: 1-173.  

BEN CHEIKH-AFFENE, Z., F., HAOUALA, N., TRABELSI, M., BOULAABA, R., KSOURI, F., HARZALLAH-SKHIRI (2013): 

Pomological description and chemical composition of rose hips gathered on four Rosa species section 

Caninae growing wild in Tunisia. Int. j. food sci. tech. (IJAST), 3(1): 43-50. 

BUNDESSORTENAMT (1999): Beschreibende Sortenliste. Wildobstarten. Osterfelddamm 80, 30627 Hannover, 121-139. 

BRUNEAU, A., J.R., STARR, S., JOLY (2007): Phylogenetic relationships in the genus Rosa: new evidence from chloroplast 

DNA sequences and an appraisal of current knowledge. Syst Bot, 32:366–378. 

ÇELIK, F. (2007): Van Gölü Havzası Kuşburnu (Rosa spp.) Genetik Kaynaklarinin Seleksiyonu ve Mevcut Biyolojik 

Çeşitliliğin Tespiti (Doktora Tezi). Yüzüncü Yıl Üniv. Fen Bilimleri Enstitüsü, Van. 

ÇELIK, F., A., KAZANKAYA, S., ERCISLI (2009): Fruit characteristics of some selected promising rose hip (Rosa spp.) 

genotypes from Van region of Turkey. Afr. J. Agric. Res., 4(3): 236-240. 

ÇELIK, F., A., KAZANKAYA, A., DOGAN, M., GUNDOGDU, R., CANGI (2015): Some pomological and biochemical properties 

of rose hip (Rosa spp.) germplasm. In Proc. IIIrd IS on Pomegranate and Minor Mediterranean Fruits. Acta 

Hort., 1089: 287- 292. 

DEMIR, F., M., ÖZCAN (2001): Chemical and technological properties of rose (Rosa canina L.) fruits grown wild in 

Turkey. J. Food Eng., 47(4): 333–336. 

DEMIR, F., I.H., KALYONCU (2003): Some nutritional, pomological and physical properties of cornelian cherry (Cornus 

mas L.). J. Food Eng., 60: 335-341. 

DOGAN, A., A., KAZANKAYA (2006): Fruit properties of rose hip species grown in Lake Van Basin (Eastern Anatolia 

region). Asian J. Plant Sci., 5(1):120-122. 

DÖLEK, Ü. (2008): Amasya Yoresinde Dogal Olarak Yeti§en Kuşburnularin {Rosa ssp.) Seleksiyon Yoluyla Islahi. 

(Yiiksek lisans tezi). GOP Universitesi Fen Bilimleri Enstitusii, Tokat. 

DÖLEK, Ü., M., GÜNEŞ (2016): Fruit growth characteristics of rose hips (Rosa sp.). Agric. Food Sci., 3(2): 75-79. 

DE BODT, S., S., MAERE, Y., VAN DE PEER (2005): Genome duplication and the origin of angiosperms. Trends Ecol. Evol., 

20(11): 591-597. 

DE COCK, K. (2008): Genetic diversity of wild roses (Rosa spp.) in Europe, with an indepth morphological study of 

Flemish populations. PhD Thesis, Faculty of Bioscience Engineering, Ghent University. 

DE COCK, K., K.V., MIJNSBRUGGE, P., BREYNE, E., VAN BOCKSTAELE, J., VAN SLYCKEN (2008): Morphological and AFLP-

based differentiation within the taxonomical complex section Caninae (subgenus Rosa). Ann. Bott., 102: 

685–697. 

EKINCIALP, A., A.,KAZANKAYA (2012): Determinaton of some physical and chemical properties in rosehip (Rosa spp.) 

genotypes in Hakkari region. YYÜ TAR BİL DERG (YYU J AGR SCI), 22(1):7-11. 

ERCIŞLI, S. (2007): Chemical composition of fruits in some rose (Rosa spp.) species. Food chem., 104: 1379-1384. 



702                                                                                                             GENETIKA, Vol. 54, No2, 689-704, 2022 

ERCIŞLI, S., A., EŞITKEN (2004): Fruit characteristics of native rose hip (Rosa spp.) selections from the Erzurum province 

of Turkey. N. Z. J. Crop Hortic. Sci., 32: 51-53. 

ERSOY, N., M.S., ÖZEN (2016): Some physico-chemical characteristics in fruits of rose hip (Rosa spp.) genotypes from 

Bolu province in western part of Turkey. Agro-know. J., 17(2): 191-201. 

FAVRE, A., M., PÄCKERT, S.U., PAULS, S.C., JÄHNIG, D., UHL, I., MICHALAK, A.N., MUELLNERRIEHL (2015): The role of the 

uplift of the Qinghai-Tibetan Plateau for the evolution of Tibetan biotas. Biol. Rev., 90(1): 236–253. 

NIKOLIĆ, T. (2018): Flora Croatica baza podataka.On-Line (http://hirc.botanic.hr/fcd). Botanički zavod, Prirodoslovno-

matematički fakultet, Sveučilište u Zagrebu. 

FOUGÈRE-DANEZAN, M., S., JOLY, A., BRUNEAU, X. F., GAO, L-B., ZHANG (2015): Phylogeny and biogeography of wild 

roses with specific attention to polyploids. Ann.Bot., 115: 275–291. 

GHIORGHIŢĂ, G., D.E., MAFTEI, D., NICUTA, I.V., RATI (2012a): Study of several parameters in Rosa canina L. genotypes 

from native habitats in Romania and the in vitro response of this species. Ann. Ser. Biol. Sci. (Acad. Rom. 

Sci., Online), 1(1): 91 – 109. 

GHIORGHIŢĂ, G., N., ANTOHE, I.V., RAŢI, D.E., MAFTEI (2012b): The study of some parameters of Rosa canina L. 

genotypes from different native populations and from the same population. An. Stiint. Univ. Al. I. Cuza 

Iasi, Sect. II a. Biol. veget., 58(1): 19-27. 

GUSTAVSSON, L.Å. (1998): Rosor för nordiska trädgårdar. Natur och Kultur, ISBN 91-27-02861-5. 

GÜNEŞ, M. (2010): Pomological and phenological characteristics of promising rose hip (Rosa) genotypes. Afr. J. 

Biotechnol, 9(38): 6301-6306. 

GÜNEŞ, M., U., DÖLEK (2010): Fruit characteristics of promising native rose hip genotypes grown in Mid-North Anatolia 

Region of Turkey. J. of Food Agri. & Environ., 8(2): 460-463. 

GÜNEŞ, M., Ü., DÖLEK, M., ELMASTAŞ (2016): Pomological changes in some rosehip species during ripening. JAFAG, 

33(3): 214-222. 

GÜNEŞ, M., S., GÜNEŞ, Ü., DÖLEK (2017): “Yıldız” Kuşburnu (Rosa canina) Çeşidinin Bazı Fenolojik, Pomolojik ve 

Morfolojik Özellikleri. JAFAG, 34(1): 170-178. 

JAIN, R. K., S., BAL (1997): Physical properties of pearl millet. J. Agric. Eng. Res., 66: 85–91. 

JOUBLAN, J.P, D., RIOS (2005): Rose culture and industry in Chile. In: Proc. 1st Intl. Rose Hip Conf., Eds. H. Nybom and 

K. Rumpunen. ISHS Acta Hortic., 690: 65-70. 

KAZANKAYA, A., H.. YILMAZ, M., YILMAZ (2001): Adilcevaz yöresinde doğal olarak yetişen kuşburnularin seleksiyonu. 

YYU. Z. Fak. Derg., 11(2): 29-34. 

KIZILCI, G., Y., AKGA, I., ESMEK, H.M., UNLII (2007): Erzincan ve Gumuşhane illerinde tabii olarak yetişen kuşburnularin 

(Rosa spp) seleksiyon yoluyla islahi II (Adaptasyon). In: Tiirkiye V. Ulusal Bahge Bitkileri Kongresi, 4-7 

Eyltil, Erzurum, 309-313. 

KOVÁCS, S., M.G., TÓTH, G., FACSAR (2000): Fruit quality of some rose species native in Hungary. Acta Hort., 538: 103-

109. 

MATSUMOTO, S., M., KOUCHI, J., YABUKI, M., KUSUNOKI, Y., UEDA, H., FUKUI (1998): Phylogenetic analyses of the genus 

Rosa using the matK sequence: molecular evidence for the narrow genetic background of modern roses. Sci. 

Hortic, 77:73–82. 

MC CABE, W. L., J.C., SMITH, P., HARRIOTT (1986): Unit operations of chemical engineering. New York: Mc Graw-Hill. 

NYBOM, H., A., OLSSON, G., WERLEMARK (1996): Morphometric variation in Nordic dogroses (Rosa sect. Caninae, 

Rosaceae). Acta Univ. Symb. Bot. Ups., 31: 59-68. 

PORPÁCZY, A., G., KOLLÁNYI (2009): Cultivation of temperate fruits of peculiar kind. Hungarian Agricultural Research, 

18(2): 4-9. 



N. TOMLJENOVIC  et al.:  DIVERSITY OF THE GENUS ROSA IN CONTINENTAL CROATIA                        703 

RENCHER, A.C. (1992): Interpretation of canonical discriminant functions, canonical variates, and principal components. 

Am. Stat., 46(3): 217–225. 

ROSU, C.M., C., MANZU, Z., OLTEANU, L., OPRICA, A., OPREA, E., CIORNEA, M.M., ZAMFIRACHE (2011): Several fruit 

characteristics of Rosa sp. genotypes from the northeastern region of Romania. Not. Bot. Horti. Agrobo., 

39(2): 203-208. 

SMULDERS, M.J.M., P., ARENS, C.F.S., KONING-BOUCOIRAN, V.W., GITONGA, F.A., KRENS, A., ATANASSOV, I., ATANASSOV, 

K.E., RUSANOV, M., BENDAHMANE, A., DUBOIS, O., RAYMOND, J.C., CAISSARD, S., BAUDINO, L., CRESPEL, S., 

GUDIN, S.C., RICCI, N., KOVATCHEVA, J., VAN HUYLENBROECK, L., LEUS, V., WISSEMAN, H., ZIMMERMANN, I., 

HENSEN, G., WERLEMARK, H., NYBOM (2011): Rosa. Wild crop relatives: genomic and breeding resources 

plantation and ornamental crops. ed. / C. Kole., Humana Press, Springer, p. 243-275. 

SOARE, R., D., BONEA, P., IANCU, M., NICULESCU (2015): Biochemical and technological properties of Rosa canina L. 

fruits from spontaneous flora of Oltenia, Romania. Bulletin UASVM Horticulture, 72(1):182-186. 

SU, T., Y-J., HUANG, J., MENG, S-T., ZHANG, J., HUANG, Z-K., ZHOU (2016): A Miocene leaf fossil record of Rosa (Rosa 

fortuita n. sp.) from its modern diversity center in SW China. Palaeoworld, 25: 104-115. 

ŠEBEK, G., V., PAVLOVA (2019): Biohemijska i tehnološka svojstva ploda odabranjh genotipova šipurka sa područja 

Bijelog Polja. Zbornik radova 2. XXIV Savetovanje o biotehnologiji. Čačak. Srbija.Univerzitet u 

Kragujevcu, Agronomski fakultet Čačak , 505-511. 

ŠINDRAK, Z., T., JEMRIĆ, L., BARIČEVIĆ, I., HAN DOVEDAN, G., FRUK (2012): Fruit quality of dog rose seedlings (Rosa 

canina L). J. Cent. Eur. Agric., 13(2): 321-330. 

TOMLJENOVIĆ, N., M., ŠEVAR, T., JEMRIĆ, I., PEJIĆ (2016): Perspektive uzgoja divlje ruže (Rosa canina L.) u Hrvatskoj. 

Oplemenjivanje bilja, sjemenarstvo i rasadničarstvo, Zbornik sažetaka. Sv. Martin na Muri, Hrvatska, 

Zdravko Matotan (ur.). Jakovlje: Hrvatsko agronomsko društvo, pp. 123. 

TOMLJENOVIĆ, N., I., PEJIĆ (2018): Taxonomic review of the genus Rosa. Agric. Conspec. Sci., 83(2): 139-147. 

TOMLJENOVIĆ, N., T., JEMRIĆ, S., ŠIMON, M., ŽULJ MIHALJEVIĆ, F., GAŠI, I., PEJIĆ (2019): Genetic variability within and 

among generative dog rose (Rosa spp.) offsprings. J. Cent. Eur. Agric., 20(2):609-625. 

UGGLA, M. (1991): Development of rose hip cultivars and growing techniques for establishment of plantations. Sveriges 

Lantbruksuniversitet, p. 52-55. 

UGGLA, M. (2004): Domestication of wild roses for fruit production. Doctoral thesis, Swedish University of Agricultural 

Sciences, Alnarp, pp. 7–9. 

UGGLA, M., X., GAO, G., WERLEMARK (2003): Vriation among and within dogrose taxa (Rosa sect. caninae) in fruit 

weight, percentages of fruit flesh and dry matter, and vitamin C content. Acta Agric. Scand., Sect. B, Soil 

and Plant Sci., 53: 147-155.  

WERLEMARK, G. (2000): Genetic variability and reproductive strategies in Nordic dogroses, Rosa section Caninae. 

Doctoral thesis, Swedish University of Agricultural Sciences, Alnarp. 

WERLEMARK, G. (2009): Dogrose: wild plant, bright future. Chron. Horticult., 49(2): 8–13. 

WERLEMARK, G., H., NYBOM (2010): Dogroses: botany, horticulture, genetics and breeding. Hortic. Rev., 36: 199-255. 

WISSEMANN, V., C.M., RITZ (2005): The genus Rosa (Rosoideae, Rosaceae) revisited: molecular analysis of nrITS-1 and 

atp Brbc L intergenic spacer (IGS) versus conventional taxonomy. Botanical Journal of the Linnean 

Society, 147: 275– 290. 

WROŃSKA-PILAREK, D. (2010): Pollen morphology of Polish native species of the Rosa genus (Rosaceae) and its relation 

to systematics. Acta Soc. Bot. Pol., 80(3): 221-232. 

YAMANKARADENIZ, R. (1983): Physical and chemical characteristics of rose hips. Gida, 8: 151-156. 



704                                                                                                             GENETIKA, Vol. 54, No2, 689-704, 2022 

 

 

DIVERZITET POMOLOŠKIH OSOBINA RODA ROSA U EKOLOŠKIM USLOVIMA 

KONTINENTALNE HRVATSKE  

 

Nikola TOMLJENOVIĆ1, Tomislav JEMRIĆ2, Marko VUKOVIĆ2*  
 

1Poljoprivredna škola Zagreb, Zagreb, Hrvatska 
2Univerzitet Zagreb, Poljoprivredni fakultet, Odsek za hortikulturu i prostorno planiranje, 

Departman za pomologiju Zagreb, Hrvatska   

 

Izvod 

Porodica Rosaceae se karakteriše velikim brojem rodova i vrsta koji su od velike važnosti za 

hortikulturu. Glavni cilj ovog istraživanja je bio utvrditi postojanje biološke raznolikosti 

između pet genotipova (G) roda Rosa koji pripadaju različitim taksonima (G1 - Rosa canina L., 

G2 - Rosa corymbifera Borkh., G3 - Rosa canina L. var. squarrosa A. Rau Rosa squarrosa (A. 

Rau) Boreau, G4 - Rosa subcanina (Christ.) Vuk., G5 - Rosa corymbifera Borkh). Istraživanje 

je provedeno tokom 2010 i 2012 godine u kontinentalnom delu Republike Hrvatske. Genotip je 

imao signifikantan uticaj na sve pomološke osobine, dok je godina i interakcija između godine i 

genotipa imala signifikantan uticaj na većinu pomoloških osobina. Multivarijantna 

diskriminacijska analiza uspešno je objasnila 77,48% ukupne varijabilnosti. Ostvarila je 

razdvajanje genotipova G5 i G1 od genotipova G2 i G4 pomoću osi Can1 (46,74% ukupne 

varijabilnosti na koju je najviše uticala daljina, širina, volumen i površina ploda te indeks 

oblika ploda). Slično, genotip G2 je bio razdvojen od genotipa G3 pomoću osi Can2 (30,74% 

ukupne varijabilnosti na koju je najviše uticala masa ploda). S obzirom da genotipovi G2 i G5 

pripadaju istoj vrsti (R. corymbifera), njihovo razdvajanje putem Can1 osi indicira izrazit uticaj 

ekoloških faktora na pomološke osobine navedene vrste. Navedeno nije bio slučaj za R. canina 

genotipova (G1 i G3) koji nisu bili razdvojeni, što indicira izrazit uticaj genetskih faktora na 

istraživane pomološke osobine navedene vrste.  
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