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A Study of Morphological Variations and Their Relationship 
with Flower Yield and Yield Components in Rosa damascena

H. Zeinali1*, S. R. Tabaei-Aghdaei2, and A. Arzani3

ABSTRACT 

Rosa damascena has attracted considerable attention in horticulture, biochemistry and 
in pharmacology because of the fragrance of the flowers and the high content of its bio-
logically active substances. There is limited information available on factors controlling 
flower yield and its components. The present study reports an investigation on flower 
yield and the various factors affecting it, in Iranian Rosa damascena using sixteen geno-
types collected from different regions in Iran. These genotypes were planted at Isfahan 
Agriculture Research Center, using a randomized complete block design with three repli-
cations in 2005. Twelve yield determining characters including flower yield per plant, 
number of flowers per plant, fresh flower weight, plant height, canopy diameter, length 
and width of bud, number of petal per flower, length and width of receptacle, fresh 
weight of petal as well as flowering period were recorded. Rosa damascena genotypes sig-
nificantly varied for all the traits except for the fresh weight of petals per flower. Pheno-
typic and genotypic coefficients of variation for flower yield per plant (48.03%, 36.49%), 
number of flowers per plant (40.65%, 26.99%), number of petals per flower (37.56%, 
32.31%) were higher than the coefficients for other tested traits. Cluster analysis revealed 
that Khuzestan and Shiraz 2 genotypes were the most related ones, while the most inde-
pendent ones were the western and eastern Azerbaijan genotypes. Results of stepwise re-
gression analysis showed that 90 percent of total variation of flower yield per plant could 
be explained by the number of flowers per plant. This suggested that number of flowers 
per plant is the most important component determining flower yield per plant. According 
to principle component analysis, parents with a high standing of the following traits: fresh 
weight of flower, number of petals per flower and bud width, may well be employed for 
hybridization in a breeding program. Regression and cluster analyses proved to be the 
appropriate multivariate analyses for an identification of Rosa damascena genotypes pos-
sessing the desirable characters for hybridization to develop improved cultivars. 
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INTRODUCTION 

Genus Rosa includes around 140 species, 
widely scattered in Europe, Asia, the Middle 
East and North America (Cairns, 2003). Rose 
is grown widely in gardens for the beauty of 
the flowers as well as for the fruits (Kutbay 
and Kilinc, 1996). Twenty five rose species 
have been reported to be grown in Iran for 
production of rose petals, as well as for ex-

traction of rose water (Mozaffarian, 1996). 
Iran is believed as the center of origin and 
therefore the genetic resource for many rose 
species.  

Recently rose extracted oil has been used as 
a component in pharmaceutical preparations 
(ointment and lotions) besides its previously 
being used as a fragrance ingredient in per-
fumes, creams and soaps. About 0.2% of rose 
oil is also being used in beverages, frozen 
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dairy, desserts, sweets, baked gelatins as well 
as in puddings (Rangahau, 2001). 

Currently, emphasis is being laid on con-
serving plant germplasm, especially the me-
dicinal and aromatic plants, as valuable bio-
resources regarding their beneficial genes 
which could provide means of dealing with 
diseases, control of insects, and control of 
environmental stresses as constrains to crop 
production (Khanuja et al., 2000). An identi-
fication of genetic variation between and 
within genotypes for a high level of oil con-
tent, flower yield and other desirable charac-
teristics provides an effective tool to be em-
ployed by Rosa breeders. 

Cluster analysis has been employed to as-
sess similarities among genotypes in plant 
breeding programs. When genotypic and 
phenotypic repetition of several characters are 
found among a set of populations, lines or 
accessions’ parents are then selected from 
among them for hybridization (Wilson et al.,
1990). Debener et al. (1996) used RAPD 
markers to assess the variation among culti-
vated and wild rose species and found the two 
dog rose species R. sherardii and R. villosa as 
closely related and included in a common 
cluster with several wild and cultivated rose 
species. Debener et al. (1997) later used R. 
sherardii as pollen parent in an interspecific 
cross with another member of section 'Cani-
nae', i.e. R. obtusifolia Desv, to prove hy-
bridization in the progeny plants they em-
ployed for molecular markers. The resultant 
interspecific compatibility revealed the rela-
tively close relatedness of the species of this 
section. The section 'Caninae' is well sepa-
rated from other sections in the genus Rosa,
indicated by both differentiation in morpho-
logical characters as well as molecular mark-
ers (Grant, 1971; Millan, 1996). The 'Dog' 
rose species are morphologically distinct with 
their reproductive and vegetative morpho-
logical characters revealing differences 
among the investigated taxa, with the excep-
tion of two subspecies of R. dualism namely: 
subsp. corifoliia and subsp. dumalis (Werle-
mark, 2000). Millan et al. (1996) also used 
RAPD markers to show that Spanish dog rose 
species are closely related to each other and 
to R.×Alba, the presumed cross between spe-

cies from section Caninae and section Galli-
cane.

There is limited information available on 
flower and yield components’ related traits of 
Rosa damascena genotypes in Iran. The ob-
jectives of this study were (1) to evaluate the 
variation among 16 Iranian Rosa damascena
for flower yield, yield components and other 
morphological traits, and (2) to assess the 
relationship among the studied traits. 

MATERIALS AND METHODS 

Plant materials comprising of 16 Rosa 
damascena genotypes, collected from differ-
ent regions of Iran (Isfahan 1, 2, 7, 9, 10; Fars 
1, 2; Khuzestan; Eilam; Qum; East and West 
Azerbaijan; Hamedan; Tehran, Ardabil and 
Zanjan Provinces) were accounted for in this 
study. These genotypes were planted in a 
randomized complete block design with three 
replications at the Agriculture Research Farm 
of Isfahan Agricultural Research Center, in 
February, 2005.  The inter-row and intra-
plant spacings were both chosen as 3 m. 
Plants were selected for recording observa-
tions on 12 quantitative characters including 
flower yield per plant, number of flowers per 
plant, fresh weight of flower, plant height, 
canopy diameter, length and width of bud, 
number of petals per flower, length and width 
of receptacle, fresh weight of petal and finally 
the flowering period.     

Data were subjected to analysis of variance, 
mean comparison being conducted through 
Duncan's multiple range test using SAS sta-
tistical package (SAS Institute, 1996). Geno-
typic and phenotypic coefficients of variation, 
the square root of the genetic and phenotypic 
variance expressed in percent of the mean, 
were calculated according to the method of 
Burton and DeVane (1953). Heritability in 
the broad sense may be defined as the propor-
tion of the total variance due to genetic ef-
fects. 

Cluster analysis was conducted with 16 
clone means of variables according to Ward's 
minimum variance method using the cluster 
procedure of SAS computer software (SAS 
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Institute, 1996). The clone means were stan-
dardized with a mean of zero along with a 
standard deviation of one (Cardi, 1998). 

Variance and relationship between traits of 
the Rosa damscena genotypes were further 
studied by using the principal component 
analysis concerned with explaining the vari-
ance-covariance structure through a few lin-
ear combinations of the original variables. 
The variables were standardized and the prin-
cipal component given as described by 
Ouendeba (1991). Stepwise regression analy-
sis was done for flower yield per plant as de-
pendent variable and the rest of the traits as 
independent variables. Correlation coeffi-
cients were calculated according to the 
method proposed by Hayes et al. (1955). 

RESULTS AND DISCUSSION 

The mean comparisons of 16 R. damascena
genotypes for the 12 morphological traits are 
presented in Table 1. Flower yield per plant 
varied from 949.6 for Tehran genotype to 
173.7 g for West Azerbaijan genotype. Num-
ber of flowers per plant varied from 468.2 for 
Tehran genotype to 139.1 for Zanjan geno-
type. The highest and the lowest fresh weight 
of flower were observed for Ardabil genotype 
with 2.4 g and West Azerbaijan genotype 
with 1.0 g. Plant height stood in a range of 
97.5 cm for Ardabil genotype to 62.2 cm for 
Tehran genotype. The highest length and the 
highest width of bud belonged to Tehran 
genotype with 13.1 mm and 10.5 mm, respec-
tively. Number of petals per flower varied 
from 82.5 for Zanjan genotype to 31.2 for 
East Azerbaijan genotype. The maximum and 
the minimum flowering periods were respec-
tively observed for Esfahan 7 genotype (25.3 
days) and West Azerbaijan genotype (17.7 
days) (Table 1). Tabaei-aghdaei et al. (2004) 
reported the fresh weight of flower in Rosa 
damascena genotypes ranging from 1.54 to 
2.74 g and the length and width of bud vary-
ing from 5 to 20 and from 4 to 16 mm, re-
spectively. The results of the present study 
were consistent with the mentioned report in 
view of the genotypic variations for the stud-
ied traits. 

 The Rosa damascena genotypes differed 
significantly for all the traits with the excep-
tion of fresh weight of petal per flower (Table 
2). Tabaei-aghdaei et al. (2004) and Tabaei-
aghdaei et al. (2005) also compared geno-
types of R. damascena based on flower yield 
and morphological characteristics and 
showed significant differences in terms of the 
measured traits. The genotypic and pheno-
typic coefficients of variations are given in 
Table 2. Phenotypic and genotypic coeffi-
cients of variation for flower yield per plant 
(48.03%, 36.49%), number of flower per 
plant (40.65%, 26.99%), number of petal per 
flower (37.56%, 32.31%) were found to be 
high. The lowest values of phenotypic and 
genotypic coefficients of variation belonged 
to length and width of bud (Table 2). Differ-
ences among the genotypic and phenotypic 
coefficients of variation in fresh weight of 
flower, length and width of receptacle and of 
bud were found as relatively low. Hence, 
these characters were not much influenced by 
the environmental factors under these ex-
perimental conditions. In general, phenotypic 
coefficients of variation were higher than the 
corresponding genotypic coefficients of 
variation (Table 2). As for heritability, it was 
shown (Table 2) that the highest and the low-
est heritability belonged to width of recepta-
cle and fresh weight of petals, respectively. 
Heritability of flower yield per plant, fresh 
weight of flower, bud length, number of pet-
als of flower and length of receptacle traits 
were higher as compared with other charac-
ters (Table 2). The high estimates of heritabil-
ity of traits would enable plant breeders to 
base their selection programs on the pheno-
typic performance of characters. 

On the basis of cluster analysis, the sixteen 
Rosa damascena genotypes were grouped 
into four clusters (Figure 1). Cluster I, II, III, 
and IV had each 9, 3, 1 and 3 genotypes, re-
spectively (Figure 1). Babaei et al. (2007) 
used molecular markers to assess the varia-
tion of 40 Iranian R. damascene genotypes 
from different regions and observed geno-
typic polymorphism, while some other stud-
ies of genetic diversity in R. damascene spe-
cies did not reveal any polymorphism among 
R. damascene genotypes 
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Table 2. Mean squares, phenotypic and genotypic coefficients of variability and heritability of 12 
studied traits using 16 Rosa damascena genotypes. 

Heritability% ECVePCVdGCVcMSEbMSTaCharacters 
57.7 31.23 48.03 36.49 25312.1 128996.5**Flower yield per plant (g) 
44.1 30.39 40.65 26.99 7500.2 25247.9**Number of flowers per plant 
63.6 10.90 18.92 15.46 0.04 0.25**Fresh weight of flower (g) 
25.6 14.60 16.94 8.58 132.3 269.1*Plant height (cm) 
28.5 16.99 20.10 10.73 272.8 599.2*Canopy diameter (cm) 
60.4 5.85 9.34 7.27 0.51 2.84**Bud length (mm) 
47.3 5.11 7.05 4.85 0.23 0.85**Bud width (mm) 

74.1 
19.14 37.56 32.31 60.63 578.8**Number of  petals per 

flower 
82.6 8.09 19.03 17.52 0.24 3.66**Width of  receptacle (mm) 
70.7 7.84 14.51 12.21 0.57 4.71**Length of receptacle (mm) 
13.6 13.48 25.20 11.73 0.02 0.02nsFresh weight of petal (g) 
31.3 11.91 14.36 8.02 7.22 17.05*Flowering period (day) 

a Mean squares of treat;  b Mean squares of error; c Genotypic Coefficients of Variation, d Phenotypic Coeffi-
cients of Variation, e Environmental Coefficients of Variation. 
*, ** Significant at the 5% and 1 % probability levels respectively. 
ns: Non significant. 

collected from various regions in Turkey and 
Bulgaria (Baydar et al 2004; Rusanov et al. 
2005). Therefore, the results of present study 
and those from Babaei et al. (2007) and Ta-
baei- Aghdaei et al. (2004 and 2005) indicate 
that Iranian gene pool of R. damascene con-
tains a greater diversity than those from other 
countries. Also, the wide range of variation 
detected through multivariate statistics for the 
characters studied, was in agreement with 
that of previous studies using Tehran, and 
Kashan Rosa damascena germplasm (Tabaei-

aghdaei et al., 2003 and 2004). In the present 
study, the collected genotypes from Isfahan 
with the exception of Isfahan 10 are included 
in cluster I. This indicates that genotypes col-
lected from Isfahan may have been originated 
from a single common ancestor and then 
mainly vegetatively propagated in these re-
gions. Cluster III included only one clone 
from Tehran genotype. The highest similarity 
was observed between Khuzestan and Shiraz 
2 genotypes and the lowest observed between 
West and East Azerbaijan genotypes (Figure 

Figure 1. Dendrogram of the similarities among 16 Rosa damascena genotypes using Ward's 
minimum variance method of cluster analysis. 
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Table 3. Analysis of variance and mean comparison of clusters for 15 tested traits of Rosa damas-
cena genotypes. 

Mean of clusters aCharacter Mean squares 
Cluster I Cluster II Cluster III Cluster IV 

Flower yield per plant (g) 165915** 523.6bc 618.2b 949.6a 211.3c

Number of flowers per plant 29113.7** 299.9ab 308.07ab 468.22a 155.67b

Fresh weight flower (g) 0.268** 1.7ab 2.1a 2.0a 1.4b

Plant height (cm) 270.59** 75.3ab 89.7a 62.2b 83.6a

Canopy diameter (cm) 717.30** 101.1a 107.5a 101.8a 73.6b

Length of bud (mm) 2.46ns 12.6a 11.6a 13.1a 11.0a

Width of bud (mm) 1.16** 9.0c 9.9ab 10.5a 9.4bc

Number of petals per flower 783.79** 34.9b 35.8b 31.9b 65.8a

Width of receptacle (mm) 5.79** 5.2b 7.6a 7.1a 7.0a

Length of receptacle (mm) 6.85** 10.1b 8.8bc 12.7b 8.1c

Fresh weight of  petal (g) 0.009ns 1.1a 1.1a 1.3a 1.1a

Flowering  period (day) 18.76** 23.9ab 20.3b 25.0a 20.0b

*, ** Significant at the 5% and 1 % probability levels, respectively. 
ns: Non significant. 
a In each column means with similar letter are not significantly different. 

Table 4. Principal component coefficients of 12 tested traits in 16 Rosa damascena genotypes.

Characters Prin1 Prin2 Prin3 Prin4 
Flower yield per plant (g) 0.37 0.27 0.06 0.08 
Number of flowers per plant 0.38 0.18 0.08 -0.01 
Fresh weight of flower per plant (g) 0.28 0.31 -0.11 0.35 
Plant height (cm) -0.17 0.33 -0.37 0.54 
Canopy diameter (cm) 0.32 0.15 -0.42 -0.01 
Length of bud (mm) 0.32 -0.19 -0.14 -0.30 
Width of bud (mm) 0.01 0.52 0.16 -0.45 
Number of petals per flower  -0.35 -0.02 0.15 0.20 
Width of receptacle (mm) -0.17 0.54 0.13 -0.16 
Length of receptacle (mm) 0.36 -0.11 0.32 -0.01 
Fresh weight of  petal (g) 0.11 0.05 0.69 0.40 
Flowering  period (day) 0.33 -0.23 -0.08 0.22 
Percent variation %45 %21 %11 %09 
Cumulative percent of total variance %45 %66 %77 %86 

1). The clustering pattern of the genotypes 
revealed that geographic diversity was greatly 
correlated to genetic diversity, though there 
were exceptions like Eilam in cluster I and 
Shiraz1 in cluster II (Figure 1). This could be 
due to the exchange of germplasm in the re-
gions located all over Iran. Analysis of vari-
ance among clusters revealed the significant 
differences for all tested traits with the excep-
tion of fresh weight of petal per flower (Table 
3). These traits were the major source of di-
versity among Rosa damascena genotypes. 
Mean comparison among clusters on 12 traits 
is shown in Table 3. Genotypes from East 

Azerbaijan, Shiraz 1 and Ardabil l placed in 
cluster II were superior to other genotypes for 
fresh weight of flower, plant height and can-
opy diameter traits. Cluster III was only allo-
cated to Tehran genotype which had the 
highest values for flower yield per plant, 
number of flowers per plant, and flowering 
period traits. This genotype hence could be 
considered as the superior Iranian rose geno-
type. Genotypes from Zanjan, Hamedan and 
West Azerbaijan in cluster IV had the lowest 
flowers yield, number of flowers per plant, 
fresh weight of flower, canopy diameter, 
length of bud as well as flowering period 
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Table 5. Stepwise regression analysis for 12 studied traits of Rosa damascena genotypes using 
flower yield per plant as a dependent variable.

Regression coefficients Variable entered Partial 
R**2 

Model 
R**2 

Intercept 
b1 b2 b3 b4

Number of flowers per 
plant 

0.905 0.905** -65.89** 2.02**    

Fresh weight of flower 
(g) 

0.077 0.982** -375.0**3 1.82** 209.85**   

Number of petals per 
flower 

0.004 0.986** -442.66** 1.87** 218.60** 0.92**  

Width of bud (mm) 0.001 0.987** -558.18** 1.87** 211.27** 14.13** 0.86** 

*, ** Significant at the 5% and 1 % probability levels, respectively. 

(Table 3). These genotypes hence could be 
considered as the inferior Iranian rose geno-
types. These differentiating results of Rosa 
damascena genotypes could be beneficial for 
selecting diverse parents with desirable char-
acters for hybridization to develop improved 
cultivars, synthetics as well as hybrids. The 
results of the present study are in agreement 
with those obtained by Tabaei-aghdaei et al.
(2004, 2005) who reported the Iranian gene 
pool of Rosa damascene as the rich resources 
in possessing the genetic variations for mor-
phological traits. Tabaei-aghdaei et al. (2004) 
using cluster analysis on eleven genotypes of 
Rosa damascene indicated 3 clusters and also 
reported genotypes in cluster I to be superior 
for productivity as well as for other charac-
ters.  

Principal component analysis revealed four 
components, which explained 86 percent of 
the total variation among traits (Table 4). 
Principal component 1 (PC1 same as Prin1 in 
Table 4) justified 45 percent of the total 
variation and was equally associated with 
yield of flower per plant, number of flowers 
per plant, canopy diameter, length of bud, 
length of receptacle as well as flowering pe-
riod. PC2 consisted of fresh weight of flower, 
plant height, width of bud and width of recep-
tacle, and accounted for 21 percent of total 
variance. PC3 explained 11 percent of the 
total variations and was mainly associated 
with fresh weight of petal. PC4 accounted for 
9 percent of the total variance and consisted 
of fresh weight of flower and of petal, as well 
as plant height. Furthermore, these principal 
components revealed intra-correlations 
among traits. For example, PC1 showed that 

flower yield per plant, number of flowers per 
plant, canopy diameter, length of receptacle 
and flowering period had positive intra-
correlations, while number of petals per 
flower was in a negative intra-correlation 
with them. A study of the relationships 
among traits could be beneficial to the breed-
ers in their breeding programs, and the esti-
mated PCs reveal how the characters affect 
each other (Table 4).   

Results of stepwise regression analysis for 
flower yield per plant, as dependent variable, 
and the rest of the traits, as independent vari-
ables, showed that number of flowers per 
plant accounted for 90 percent of the total 
variation in flower yield per plant. These re-
sults imply that the number of flowers per 
plant is the most important component of 
flower yield per plant (Table 5). Fresh weight 
of flower, number of petals per flower and 
width of bud entered into the model followed 
by the number of flowers per plant, justifying 
7, 0.2 and 0.01 percent of the total variation 
of flower yield per plant, respectively (Table 
5). Relationships among traits also indicated 
that the number of flowers per plant had the 
highest correlation with flower yield per plant 
(r= 0.95). Correlation between flower yield 
per plant and fresh weight of flower (r= 0.57), 
canopy diameter (r= 0.58), length of recepta-
cle (r= 0.54), and flowering period (r= 0.43) 
was positive and significant (P< 0.01) while 
with the number of petals per flower, the cor-
relation was a negative and significant one. 
These relationships along with the positive 
and significant correlations shown between 
flower yield and other morphological traits
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 and in particular number of flowers per plant 
would be useful in the development of a cul-
tivar with improved flower yield potential 
(Table 6). Tabaei-aghdaei et al. (2003, 2004) 
showed that flower yield was in a highly 
positive correlation with fresh weight of 
flower and with number of flowers per plant, 
this result being in agreement with the results 
obtained in the present study.    
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  در گل محمديعملكرد مطالعه تنوع مورفولوژيكي و روابط بين عملكرد گل و اجزاء 

  ارزاني. دايي و اعقطبائي . ر. زينعلي،  س. ح

  چكيده

گل محمدي به طور قابل مالحظه اي در باغباني، بيوشيمي  و داروسـازي، بـه خـاطر داشـتن عطـر و مـواد فعـال               
 اطالعات قابل دسترس كمي در باره عملكرد گل و اجزاء گـل         .بيولوژيكي در گلهاي آن جلب توجه كرده است       

 ژنوتيپ كه از سرتاسـر ايـران   16اين مطالعه به منظور بررسي عملكرد گل و اجزاء آن با استفاده از    . آن وجود دارد  
دوازده صفت مورفولوژيكي شامل عملكرد گل در هر گياه، تعداد گل در هر گيـاه،               . جمع آوري شدند انجام شد    

تر گل، ارتفاع گياه ، قطر تاج پوشش، طول و عرض غنچه، تعداد گلبرگ در هر گل، طول و عـرض نهـنج،                 وزن  
ژنوتيپ هاي گل محمـدي بـه طـور معنـي داري     . وزن تر گلبرگ در هر گل و زمان گل دهي اندازه گيري شدند           

رايب تنـوع فنـوتيپي و   ضـ . از لحاظ كليه صفات بجز وزن تر گلبرگ در هر گل تفاوت معني داري را نشان دادنـد               
 در 99/26 و 65/40(، تعـداد گـل در هـر گيـاه          ) در صد  31/32 و   03/48( ژنوتيپي  براي عملكرد گل در هر گياه           

اي  تجزيـه خوشـه   . از كليه صـفات ديگـر بيـشتر بودنـد         )  در صد  31/32 و 56/37( ، تعداد گلبرگ در هر گل       )صد
تان و شيراز و كمترين تـشابه بـين ژنوتيـپ آذربايجـان شـرقي و      نشان داد كه بيشترين تشابه بين ژنوتيپ هاي خوزس 

نتايج تجزيه رگرسيون مرحله اي براي عملكرد گل در هر گياه بـه عنـوان متغيـر وابـسته نـشان          . غربي وجود داشت  
ايـن  .  در صد كل تنـوع عملكـرد گـل در در هـر گيـاه را توجيـه نمـود           90داد كه تعداد گل در هر گياه  به تنهايي           

. كند كه تعداد گل در هر گياه  مي تواند به عنوان مهمترين جزء عملكرد گل در هـر گيـاه باشـد                 پشنهاد مي مطلب  
وزن تر گل ، تعداد گلبرگ در هر گل و عرض غنچه  به ترتيب بعد از عملكرد گل در هر بوتـه وارد مـدل شـدند             

ي بـر اسـاس تنـوع ژنتيكـي و صـفات         از آنجاييكه  انتخاب والدين براي دو رگ گيري يا بهبـود محـصول بايـست               . 
خاص جالب باشد،  بنابراين، تجزيه رگرسيون و تجزيه كالسـتر  در برنامـه هـاي اصـالحي مـي تواننـد بـه منظـور                       
شناسايي ژنوتيپ هاي گل محمدي كه براي دو رگ گيري جهت ايجاد ارقـام بهبـود يافتـه، سـاختگي سـود منـد                

  .باشند
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