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Abstract

Background and obijectives: The damask rose (Rosa damascena Mill.) belongs to the
Rosaceae family and has been cultivated in Iran for many years for the production of rose water.
It is highly valued for its medicinal properties and is often referred to as “fragrant gold.”
Damask rose essential oil, extracted from its flowers, is among the most valuable and expensive
essential oils in the world. Notably, damask rose exhibits considerable genetic diversity, which
influences important traits such as flower yield per plant, number of flowers per plant, flower
weight, essential oil quality, flower color and shape, and resistance to diseases and
environmental stresses. ldentifying these variations among different genotypes can help
improve crop yield and quality. This study compares rose genotypes from various origins to
identify desirable traits for different ecological regions, evaluating the effects of genetic and
environmental factors, trait stability, and adaptation to diverse conditions. Ultimately, the goal is
to identify superior rose varieties with optimal flower and essential oil yields suitable for the
cold semi-arid climate of Hamedan.

Methodology: In this experiment, 41 genotypes of Rosa damascena Mill., collected from
different parts of the country, were cultivated in a randomized complete block design with three
replications at the Ekbatan Research Station, located at the Agricultural and Natural Resources
Research Center of Hamadan. Each genotype was evaluated under uniform management
conditions without the application of specific stress treatments. Since flowers are the economic
organ and the main source of active compounds in damask rose, several traits were recorded to
identify cultivars compatible with the ecological conditions of Hamadan and capable of
producing higher flower yields. These traits included flower yield per plant, number of flowers
per plant, number of petals per flower, percentage of dry matter in flowers, fresh weight of
petals per flower, ratio of fresh petal weight to total flower weight, flowering duration, plant
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vigor, plant height, and canopy diameter. Measurements were recorded over three growing
seasons from 2006 to 2008. Finally, the data collected were analyzed using PAST, SPSS, and
SAS software.

Results: The analysis of variance for the traits studied revealed highly significant differences
among genotypes for all traits. Genotype, year, and the genotype X year interaction had a
significant effect on flower yield and number of flowers per plant at the 1% probability level,
and on plant height and canopy diameter at the 5% probability level. In addition, the effects of
genotype and year on fresh petal weight per flower, plant height, and canopy diameter were
significant at the 1% probability level. Factor analysis indicated that the first factor, as the
principal factor, explained about 98% of the total variation. Within this factor, the number of
traits, flowers per plant, and flower yield per plant showed positive loadings, reflecting the high
diversity among genotypes. Furthermore, the results of principal component analysis confirmed
the grouping obtained from cluster analysis; the three groups identified by cluster analysis were
clearly distinguished in the principal component analysis. The genotypes in the second group,
including Isfahan 8, Isfahan 6, Tehran, and Yazd 2, were identified as superior genotypes.
Moreover, a positive and significant correlation was observed between the number of flowers
per plant and fresh petal weight per flower with flower yield per plant. Among these traits, the
number of flowers per plant had the greatest direct effect on flower yield per plant. Therefore,
these traits can be considered as important selection criteria for improving flower yield in
damask rose genotypes.

Conclusion: This study demonstrated considerable genetic diversity among damask rose
genotypes and highlighted the important role of yield-related traits in the selection of superior
genotypes. The number of flowers per plant was identified as the most influential trait affecting
flower yield and can be used as a primary selection criterion in breeding programs. The
genotypes Isfahan 8, Isfahan 6, Tehran, and Yazd 2 are recommended for cultivation under the
semi-arid and cold climatic conditions of Hamedan due to their high performance and
adaptability.
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Table 1. Damask rose genotypes studied

Code Location Code Location Code Location Code Location
1 Isfahan 1 12 Isfahan 9 23 Baluchestan 34 Lorestan
2 Isfahan 2 13 Isfahan 10 24 Fars 1 35 Mazandaran
3 Isfahan 3 14 Ilam 25 Fars 2 36 Arak
4 Isfahan 4 15 Tehran 26 Qazvin 37 Hormozgan
5 Isfahan 5 16 Chaharmahal Bakh. 27 Kurdistan 38 Hamedanl
6 Isfahan 6 17 Khorasan 1 28 Kerman 39 Yazd 1
7 Isfahan 7 18 Qom 29 Kermanshah 40 Yazd 2
8 Isfahan 8 19 Khuzestan 30 Kohgiluyeh Buyer. 41 Hamedan 2
9 East-Azer. 20 Zanjan 31 Khorasan 2
10 West-Azer. 21 Semnan 1 32 Golestan
11 Ardabil 22 Semnan 2 33 Gilan
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Table 2. ANOVA of flower yield and its related attributes in 41 damask rose genotypes

Flower yield Number of Number of Petal fresh Flower dry
S.0.V. d.f. lant flowers per petals per iaht matter
per pian plant flower Welg percentage®
Replication (R) 2 29551 "™ 19078" 14.14"™ 0.103™ 71.24"
Genotype (G) 40 316072" 276173 187.42" 0.382™ 110.36™
RxG 80 10783 4961 30.68 0.156 59.89
Year (Y) 2 27476987 23344560 0.04" 0.008™ 0.19™
RxY 4 20743" 12402™ 12.51"™ 0.086™ 29.95™
Y xG 80 329157 282577 0.35™ 0.004™ 0.44"
Experimental error 160 11135 5483 10.23 0.054 16.99
C.V. (%) - 22.78 17.31 8.96 12.47 21.44
SOV, qf  Petaltoflower Length of Freshness Plant height Canopy
weight ratio flowering period diameter
R 2 0.131™ 121.42" 1.12™ 1115 1798"™
G 40 0.244™ 344,67 1.26™ 1542™ 2668™
RxG 80 0.294 4257 1.28 462 1155
Y 2 0.030™ 31.30™ 0.021™ 18084™ 826503
RxY 4 0.028™ 27.77™ 0.57™ 415" 881™
Y xG 80 0.011™ 33.56™ 0.06™ 516" 940"
Experimental error 160 0.060 33.44 0.31 350 676
C.V. (%) - 14.13 20.75 20.24 14.20 15.10

¥: the values have been multiplied by 100.

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 3. Means comparison of flower yield and its related attributes in 41 damask rose genotypes

Number Petal
Flower Number Petal Flower Length of
yield per of petals fresh dry flowering Plant Canopy
Code flowers . flower . Freshness  height  diameter
plant per weight matter . period
(g.plant™) per flower  (g.plant)) (%) weight (day) (cm) (cm)
plant ratio

1 673.95¢-4  547.04¢ 46.11=-b 2.13 21.002-c  1.73d- 24.11%-° 126.56¢-% 2.44%  152.50¢-h
2 457.03s-%  362.720-9  46.58-b 2.30% 23.00=->  1.82>-f 13.11° 154,522 333> 180.902-¢
3 457.69s-% 41913 34.54i-9 1.82e-k 16.00e-!  1.674- 29.56¢-k 124 44ex 3114 163.184-h
4 508.32-i  A477.74e-i 31.28- 1.954-¢ 18.674-h  1.87v-d 32.00b-¢ 137.81b-s  3.33-b 171440
5 618.17d-=  501.76¢-¢ 33.551s 1.93d-r 16.00e-!  1.77<-h 32.45b-f 143.52b-¢ 2.674-=  186.940-d
6 748.41¢ 651.93¢ 36.521-! 1.98¢-¢ 17.67¢-i  1.86b 30.00¢-i 115.33n1 3.00b-  153.17-h
7 410.56--m  396.30'-° 34.15i- 1.80t-m  14,00%-m  1.74d- 27.56¢-m 123.672-k 3.000-  170.572-¢
8 1107.17=  1040.57=  28.63t-» 1.89¢-i 15.67=!  1.78b-h 31.17b-h 113.22i-! 2.89»-f  163.81d-h
9 302.520p  277.04  38.85d-¢ 2.04d-¢ 17.00f-k  1.870-d 30.00¢-i 137.81b-¢ 256" 177.43f
10 462.32¢-x  458.65s¢-!  32.82r- 1.82¢-k 18.33¢-+  1.80b-¢ 34.44b-¢ 132.70¢-h 3.00b-  179.142-¢
11 183.81¢ 156.30¢ 48.36 1.49° 15.67¢-! 1.27% 15.00%- 104.50! 3.78 115.32i
12 41953k  402.43k~  31.81% 1.85¢- 14.33i-m  1.78b-h 26.00k-n 125.74s-k 2604 152.83=-h
13 181.84¢ 166.52¢-¢ 34.44i-r 1.68k-0 16.00e-!  1.54wi 17.007- 110.41+! 2.56%-h  167.72¢-¢
14 39457k 33552t 33.370- 1.954-¢  11.00m~  1.66¢- 34.89b-¢ 133.70¢-¢ 2.56-h  180.83:-d
15 937.87° 778.96¢ 27.74¢ 2.392-b 22.002-c  1.98-c 26.39k-» 163.09 3.08b-  186.85-d
16 311.75m-»  319.13v-r 31.54r- 1.500 15331 1,53 21.1%10-p 137.46>-¢  3.00b-c  182.142-d
17 516.47%-+  498.52¢-¢ 35850 1.88¢-i 15.00-'  1.82b-¢ 22.89m-» 105.43! 2.89>-f  155.4Qc-h
18 386.02k-c  362.80m-1 44.22% 1.85¢- 23.67 1.73d- 22.56m-p 113.915! 2.55e-h 12121
19 244.20,-9  218.04s-»  35.190-p 1.71k-n 20.00e-¢  1.53wi 24.78k-0 114.48+! 2,744 141.700-
20 411.34--1  386.59m-»  33.74ls 1.79-m 15.00-"  1.684- 26.33k» 125.76e-k 3114 174.33-¢
21 419.30-  365.24n-9  39.70d- 2.054-¢ 17.00f-k  1.79b-¢ 28.89d-! 139.43v-¢  2.74d-e  173.19-¢
22 552.11e-¢  281.93rs  31.55% 1.81h-m  23.00:-b 1,73 32.11b-¢ 129.15¢-i 244 187.370d
23 291.710-»  231.52s- 32.20r-5 2.52» 10.227  2.002-b 26.44k-n 113.155 3.00b>¢  167.62¢-¢
24 268.87r-9  206.24t-v 37.59¢- 1.79h-m 19.00¢-¢  1.39i-k 18.11r- 147.072-¢ 3.22bc  172.540-¢
25 316.78'-»  316.09q-+  41.74« 1.72t-m 22.67>->  1.81b-¢ 27.67e-m 129.15¢-i 3.110-4 174,692
26 423.74-k  388.04m-»  32.63r- 1.70k-0 9.33° 1.56M-i 30.890-h 133.63¢-¢ 2.07h-i  169.02b-¢
27 552.11=-¢  469.487-k  38.34¢-h 1.98¢d-¢ 18.00¢-+  1.68¢-r 34.44v 134.68¢-¢ 2.30e-i  173.28e-¢
28 526.87¢-h  482.48¢- 34.09i-s 1.81%-m  14.00k-m  1.53w-i 19.41p-r 127.194-k  2.65e-h  177.25-f
29 402.13k-m  377.94m-9  33.220- 1.83¢-r 17.67e-i  1.71d- 35.44b 134.02¢-¢ 2.33si  186.93d
30 514.20%  496.33-h  32.44r-s 1.84e-r 16.67%-k  1.78b-h 27.44z-m 131.82¢- 2.674-¢  184.70:-d
31 383.95k0  403.32k~  35.85h0 1.66k-0 18.334-r 1,754 30.45b-1 143.57b-¢ 2.674-¢  192.39:-b
32 440.36h-k  403.83k>  31.93% 1.78h-m 13.00-»  1.63- 27.00k-m 142.700b-f 244 168.37b-¢
33 454110k 439.442-m 33,220 1.87¢- 14.33i-m  1.81b-¢ 25.33kn 140.300-¢ 2.89-f  182.132-4
34 393.99k-n  380.30m-9  39.29d-f 1.65k-»  11.00m-0  1.59e-i 33.000-¢ 131.78¢- 2.89>-f  179.85-d
35 447.96-%  410.22i-n 37.07%i 1.79h-m 15.67e  1.64¢ 45.02 149.112-¢ 2.674-=  190.972-¢
36 430.10-%  426.69"-» 33,520 2.00d-¢ 211124 199 30.44b- 129.414-i 2.55¢-h180.200-¢
37 459.89s-k  483.07¢- 36.671-k 1.60m-° 17.33¢-k  1.68d- 33.55b-d 142.41b-f 2.89b-f  192.432-b
38 594.97d-f  531.22e-f  36.40f-m 1.88¢-i 17.00-k 1,754 24.67k-° 137.37>-¢  3.00b-¢ 194.33:
39 406.43k-m  381.98m-9  33.130-s 1.82e-k 21.00%-c  1.71d- 24.61k-0 139.58v-¢  2.78d-¢  172.80%-¢
40 855.69° 926.07° 36.110- 2.02d-¢ 18.56d-h 219 32.72b-f 137.37b-¢ 2.00-i  172.18w-¢

41 40119k 377.06m-9  36.22i-n 1.84e- 16.67%- 1,734~ 33.44b-d 144.44b-4 1.89i 185.822-4

In each column, means with common letters are in the same statistical group at 1% probability level (LSD test).
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Table 4. Mean and variation range in flower yield and its related attributes in 41 damask rose genotypes

No. Trait Min. Max. Mean C.V. (%)
1 Flower yield per plant (g.plant™) 181.84 1107.17 463.22 40.45
2 Number of flowers per plant 156.3 1040.57 427.41 41.04
3 Number of petals per flower 27.74 48.36 35.66 12.79
4 Petal fresh weight (g.plant™) 0.92 1.29 1.09 8.25
5 Flower dry matter percentage 0.09 0.24 0.17 20.99
6 Petal to flower weight ratio 1.26 2.19 1.73 9.56
7 Length of flowering period (day) 13.11 45.02 27.86 22.21
8 Freshness 1.89 3.78 2.76 13.55
9 Plant height (cm) 104.5 163.09 131.80 9.93
10 Canopy diameter (cm) 115.31 194.33 172.08 10.01
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Figure 1. Cluster analysis and determination of damask rose genotypes relationships based on flower yield and
its related attributes (Ward method; Euclidean distance criterion)
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Table 5. Eigenvalues, variance, cumulative variance, and eigenvectors obtained from principal component
analysis of damask rose genotypes based on flower yield and its related attributes for the first two principal

components
No. Trait PC1 PC2
1 Flower yield per plant 0.73 -0.68
2 Number of flowers per plant 0.68 0.73
3 Number of petals per flower -0.01 -0.03
4 Petal fresh weight 0.00 0.00
5 Flower dry matter percentage 0.00 0.00
6 Petal to flower weight ratio 0.00 0.00
7 Length of flowering period 0.01 0.05
8 Freshness 0.00 0.00
9 Plant height 0.01 -0.07
10 Canopy diameter 0.01 0.07
Eigenvalue 1.1870 1.1530
Variance (%) 98.36 1.29
Cumulative variance (%) 98.36 99.65
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Figure 2. Principal component analysis of damask rose genotypes based on flower yield and its related attributes
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Table 6. Correlation coefficients of the studied traits in 41 genotypes of damask rose

Trait 1 2 3 4 5 6 7 8 9 10
Flower yield per plant (1) 1
Number of flowers per plant (2) 0.98™ 1
Number of petals per flower (3) -0.27 -0.30 1
Petal fresh weight (4) 0417  0.30 -0.05 1
Flower dry matter percentage (5) 0.11 0.10 0.32" 0.16 1
Petal to flower weight ratio (6) 0517 055  -025 0697 024 1
Length of flowering period (7) 0.24 029  -034° 000 -015 033" 1
Freshness (8) -0.11 0.16 0.19 003 -009 -021 -0.43" 1
Plant height (9) 0.17 0.14 -0.13 022 018 0.9 0.25 -0.13 1
Canopy diameter (10) 0.12 014 -043" 011 -008 028 033 044" -022 1
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