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In order to determine phenotypic diversity, 40 Rosa damascena accessions were evaluated in a completely
randomized block design with 3 replications at the experimental field of Research Institute of Forests and
Rangelands, Tehran, Iran. Several traits including flower weight, flower diameter, peduncle length, number of
petals, number of stamens, leaf area, leaf dry weight and thorns intensity were recorded and analyzed for two years
(2005-2006). Correlation coefficients showed that flower yield correlated positively with number of petals and
negatively with peduncle length, leaf area, leaf dry weight and thorn intensity. Because of high heritability obtained
for flower weight, number of petals, number of stamens and thorn intensity, selection based on these characters is
recommended. Cluster and principal components analyses showed no relationship between genetic divergence and
geographical origins, indicating germplasm exchange between different areas of Iran.

Alireza Babaei, Department of Horticultural Science, Tarbiat Modares University, Tehran, Iran. —Seyed Reza
Tabaei-Aghdaei, (correspondence), Biotechnology Research Department, Research Institute of Forests and
Rangelands, P.O. Box 13185-116, Tehran, Iran. E.mail: tabaei@rifr-ac.ir -Mohammad Reza Naghavi, Department
of Plant Breeding, University of Tehran, Tehran, Iran. -Morteza Khosh-Khui, Department of Horticultural Science,
Shiraz University, Shiraz, Iran. —Reza Omidbaigi, Department of Horticultural Science, Tarbiat Modares
University, Tehran, Iran. -Mohammad Hassan Assareh, Biotechnology Research Department Research Institute of
Forests and Rangelands, P. O. Box 13185-116, Tehran, Iran

Key words. Rosa damascena, phenotype, diversity, heritability, Iran.
1 0 T g pdy s s steoms J§ Sl gas 5
(bl L e
(gliis alb Lo,
(St Lo demw
(S (o
(Sl Lo,
wyHlas e desme
o b sl LS sleS sk bl 2 b G s (ROSA damascena) sdese S it 0 slias o5 58 55 ki) sk
Jsb (J8 a3 (8 055 beld ilime Slis 55 H1E Sl 55558 Sl e s W Do d o Sl Ao 30 3 ST
A S 13 s 20 WWAONYAL olys Ll 55 L (S15 5 S S 055 Sl (o sl (SIS sl (2
S (S5 s S Sax 035 Sl m sk Slio b5 cute SIS sl b S5 See (Saan ool ey =B ol
Oimen led o RO ) Slis pl bl o 238 55 Sl (S15 s o 5 S S slawi IS 055 VL sy il s e
ol sias0las o sl OLE i T 5 (S5 ¢35 Ol 1 (b Lhol slaailpo 0 45 5 Sladi s a5 3l Jol s
b g 528 il bl (ghess S e )



IRAN. JOURN. BOT. 14 (1), 2008

Introduction

Roses have gained the title of the world’s favorite
flower in part due to their vast diversity in plant habit
and floral characteristics (Cairns 2001). They have
been bred and selected to serve a number of niches
including flowering landscape shrubs, formal garden
specimens, cut flowers, blooming potted plants, and
sources of perfume and vitamin C (Zlesak 2006).

Despite the large number of cultivated rose
varieties, only a few of them exhibit the marked
fragrance that is sought by perfumeries in the world
(Antonelli et al. 1997). There are mainly four species of
roses for oil production. These are Rosa damascena
Mill,, R. gallica L., R. moschata Herrm. and R.
centifolia L. (Tucker & Maciarello 1988). The main
rose oil producers in the world are Turkey and Bulgaria
and they obtain the rose oil from R. damascena (Baydar
et al. 2004).

R. damascena can now be found growing wild in
Morocco, Andalusia, Syria, and Caucasus. As Damask
roses were originally introduced from the Middle East
into Western Europe, it is thought that the origin and
center of diversity of Damask roses can be found in this
region. In Iran, cultivation and consumption of Damask
roses has a long history. Crude distillation of roses was
probably developed in Persia in the late 7™ century
A.D. (Saakov & Rieksta 1973; Chevallier 1996; Beales
et al. 1998; Rusanov et al. 2005).

The aim of this paper is to study some characters
and their heritability analysis of R. damascena in Iran.

Materials and Methods

Plant material

A total of 40 Damask rose accessions were collected
from 28 provinces of Iran, in order to obtain a good
geographical coverage of the country and a good
coverage of the 13 different climatic regions that have
been identified (Tabaei-Aghdaei et al. 2007). Samples
were taken from commercial production fields. All
accessions were grown from 1998 onwards in
experimental field of the Research Institute of Forests
and Rangelands (RIFR), Tehran, Iran.

Characters

Eight botanical characters were measured at flowering
and harvesting times on three representative plants per
plot. The investigated characters were flower weight
(g), flower diameter (cm), peduncle length (cm),
number of petals, number of stamens, leaf area (mm?),
leaf dry weight (g), thorn intensity (number of thorns
per 10 cm of stem). These characters were evaluated on
the base of means of nine randomly selected samples
per plot.
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Statistical analyses
For each character combined analysis using a
randomized complete block design with three
replications was performed and then the broad sense
heritability of traits was calculated in order to identify
the best descriptors for selection and breeding
purposes. Degree of association among the
characteristics was analyzed according to Pearson’s
coefficient. Following correlation analysis, stepwise
regression was used to estimate the relationship
between flower weight and other evaluated characters.
The recorded data were analyzed for numerical
taxonomic techniques using the procedure of principal
components and cluster analyses (Hair et al. 1992)
using the 'SPSS' software. As the characters were
recorded on different scales, the data were standardized
to a mean of zero and a variance of unity prior to
principal components and cluster analyses to eliminate
scale differences (Sneath & Sokal 1973). The principal
components analysis is a multivariate statistical
technique for exploration and simplifying complex data
sets and has been demonstrated by Everitt & Dunn
(1992). Cluster analysis was performed using the
unweighted pair-group method arithmetic average
(UPGMA).

Results and discussion

The results of variance analysis indicated that there
were significant differences between the genotypes for
the recorded characters (Table 1). Broad sense
heritability (H?) showed values ranging from 0.35 to
0.89. Among evaluated characters the most heritable
traits were flower weight (0.89), number of petals
(0.88), number of stamens (0.82) and thorn intensity
(0.86) (Table 1). These characters may be applied as
useful traits in evaluating rose germplasm collections
and for selection and ranking of the clones.

Simple correlation coefficient indicates the degree
of association between two variables, which are
considered to be independent (Sokal & Rohlf 1995).
Correlation coefficients (Table 2) showed that flower
yield correlated positively with number of petals and
negatively with peduncle length, leaf area, leaf dry
weight and thorn intensity. Positive correlations were
also obtained between flower diameter and peduncle
length (0.43) and also between leaf dry weight and
peduncle length (0.32), leaf area (0.88) and thorn
intensity (0.41). While, number of petals correlated
negatively with flower diameter (-0.36), peduncle
length (-0.57) and thorn intensity (-0.38). In a previous
study Tabaei-Aghdaei et al. (2007) showed that number
of petals positively correlated with flower weight,
while its correlation with peduncle length was negative.
Stepwise regression showed that number of petals,
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Table 1. Analysis of variance and heritability of different characters on 40 Rosa damascena accessions (Y=Year;

R=Replication; G=Genotype).

Source of|df Flower Flower Peduncle Petal Stamen |Leaf Leaf  Dry|Thorn
variation Weight Diameter  |Length Area Weight Intensity
Y 1 16.35%%  |877** 187 2226%* 583 7.77 0.0024 104.3

R (Y) 4 0.102 20.82 66.4 25.5 261.9 32.20  [0.0023 5514

G 39 1.49%* 55.27** 109.1%* 1584**  14054**  |478**  |0.0243**  [13729%**
G*Y 39 0.146**  |33.13** 32.19%*%* 586** 2038**  ]5.38 0.0009 68.94
Error 156 10.027 6.72 7.91 21.91 71.24 28.84  10.0033 364
Heritability (%) 0.89 0.35 0.62 0.88 0.82 0.73 0.54 0.86

Table 2. Correlations between different characters of 40 Rosa damascena accessions (FW=Flower Weight;
FD=Flower Diameter; PL=Peduncle Length; LA=Leaf Area; LD=Leaf Dry Weight; TI=Thorn Intensity).

Correlations

FW FD PL PETAL | STAMEN LA LD Tl
FwW Pearson Correlation 1.000 -.164 -.313* .669** -.138 -.481* -.452%4 -.625*
Sig. (2-tailed) . 312 .050 .000 .397 .002 .003 .000
N 40 40 40 40 40 40 40 40
FD Pearson Correlation -.164 1.000 .430% -.360* .295 -.102 .056 115
Sig. (2-tailed) 312 . .006 .022 .065 531 .730 482
N 40 40 40 40 40 40 40 40
PL Pearson Correlation -.313* .430*4 1.000 -.570* -.238 .187 .321* .185
Sig. (2-tailed) .050 .006 . .000 .139 .248 .043 .252
N 40 40 40 40 40 40 40 40
PETAL Pearson Correlation .669*4 -.360* -.570% 1.000 .006 -.256 -.270 -.381*
Sig. (2-tailed) .000 .022 .000 . 973 111 .092 .015
N 40 40 40 40 40 40 40 40
STAMEN Pearson Correlation -.138 .295 -.238 .006 1.000 -.129 -174 .033
Sig. (2-tailed) .397 .065 .139 973 . 426 .283 .839
N 40 40 40 40 40 40 40 40
LA Pearson Correlation -.481*4 -.102 .187 -.256 -.129 1.000 .885* .290
Sig. (2-tailed) .002 531 .248 111 426 . .000 .070
N 40 40 40 40 40 40 40 40
LD Pearson Correlation -.452*% .056 .321* -.270 -174 8854 1.000 .415*
Sig. (2-tailed) .003 .730 .043 .092 .283 .000 . .008
N 40 40 40 40 40 40 40 40
T Pearson Correlation -.625" 115 .185 -.381* .033 .290 415% 1.000
Sig. (2-tailed) .000 482 .252 .015 .839 .070 .008 .
N 40 40 40 40 40 40 40 40

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

thorn intensity and leaf area explain 44%, 16% and 6%
of flower weight variation in 40 Damask rose
accessions, respectively (Table 3).

Dendrogram created by UPGMA, using 40
accessions, showed 4 main groups (Fig. 1). Twenty
eight of the 40 accessions were included in cluster I, 9
accessions in group I, while 1 and 2 accessions were
presented in cluster groups III and IV, respectively. The
result of cluster analysis showed that there was no
relationship  between  genetic divergence and
geographical origins, as accessions from the same
origin entered different clusters and also genotypes
from different origins entered the same cluster. It seems
that these germplasms have been exchanged among
different areas of Iran, so it is likely that Rosa

damascena were conserved under combined effect of
natural and human selective pressure.

Principal components analysis was carried out to
determine the characters more strongly contributed to
the principal components. Principal components
analysis reduced the original 8 characters in experiment
to 3 principal components. The first three principal
components with eigenvalues >1 explained 75% of
variation among 40 accessions (Table 4). Other PCs
had eigenvalues <1 and have not been interpreted. The
first PC, which is the most important component,
explained 40% of total variation and was positively
related to leaf area, leaf dry weight and thorn intensity
and negatively related to flower weight, so PC1 is a
weighted average of these four characters. PC2
accounted of 20% of the total variation and the
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Table 3. Estimated equation for flower weight (dependent variable) based on stepwise regression (abbreviations as

in table 2).
Step Variable R’ Equation
1 Petal 0.44 FW=1.05 + 0.02 Petal
2 TI 0.60 FW=1.8 + 0.01 Petal — 0.004 TI
3 LA 0.66 FW=2.65 +0.01 Petal —0.03 TI—0.01LA

Table 4. Principal components analysis for 8 characters in 40 Rosa damascena accessions.

PC1 PC2 PC3
Eigen value 3.21 1.62 1.20
Proportion of ¢ 40 20 15
Cumulative ¢~ 40 60 75
| Eigenvector

FW -.746 -.393 =273
FD -.108 763 .284
PL .164 .816 -394
Petal -404 -.749 -0.037
Stamen -0.03 0.017 901
LA .872 -0.078 -.243
LD .855 0.064 -276
TI .662 224 262

characters with the greatest weight on this component
were flower diameter, peduncle length and number of
petals. While, PC3 was positively related to number of
stamens.

The first two principal component scores were
plotted to aid visualization of accessions grouping (Fig.
2). The derived cluster and subgroups are very similar
to those identified from UPGMA analysis.

Identification and description of the genetic
variability available in the germplasm of Rosa
damascena are preliminary requirements for the
exploitation of useful traits in plant breeding.
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Fig. 1. Cluster analysis of 40 Rosa damascena accessions based on different characters using average linkage
(between groups).
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Fig. 2. Plot of principal components based on different characters of 40 Rosa damascena accessions.
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