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Introduction
Essential oil production is the main objective of Damask rose 

(Rosa damascena Mill.) cultivation in many areas of the world e.g. 
Bulgaria, Turkey, India etc.,3 thus, essential oil is the most important 
trait in this crop. Besides its application in aromatic industries, some 
valuable characteristics of rose oil such as anti-HIV, antibacterial and 
antioxidant activities have been demonstrated recently.4,5 Essential 
oil is a complex trait, which is depended on yield components and 
is influenced by many genetic as well as environmental factors. 
Therefore evaluating of genotypes potential in different environments 
(location and years) is the important step in breeding programs 
of Damask rose before selecting desirable ones to commercial 
cultivation. A desirable landrace is one that does not only essential oil 
well in its area of initial selection but also maintains the high yielding 
ability over a wide range of environments. To identify such genotypes 
stability analysis is a good technique that measures the adaptability of 
different crop varieties to varying environments.6 Since, the literature 
on the effects of genotype - environment compatibility and stability 
are low in Rosa damascena, inevitably, should refer to the methods 
used in similar plants. Eberhart & Russell1 model has widely used for 
evaluating of yield stability in both annual and perennial plants same 
as Campanula rapunculoides,7 Hevea brasiliensis8,9 and Thea sp10 
Eberhart & Russell1 considered a stable genotype to have a slope (b 
value) equal to unity and deviation from regression (S2

d) equal to zero. 
Freeman11 and Bernardo12 described the Eberhart & Russell1 model 
as the most widely used methods for evaluating of yield stability 
among main classical parametric methods that determine general and 

specific dynamic stability (adaptability) and measures linear and non-
linear components of stability. Furthermore, multivariate methods of 
stability such as AMMI, while statistically more complex, despite of 
widely uses in annual plants, has no advantages over the conventional 
methods in perennial crops and forest trees and its application is 
limited.13,14 We were also interested to know the contribution of 
each genotype in genotype×environmen (GE) interaction sum of 
squares. To do this, there are two stability parameters of Wricke’s15 

ecovalence (Wi) and Shukla’s2 stability variance (σi
2) which give the 

same results for ranking genotypes.16 Shukla2 the stablility variance of 
genotype as its variance across invironments after the main effects of 
environmental means have been removed. He used stability variance 
(σi

2) to estimate a component of the GE interaction corresponding to 
each genotype. According to his model, genotypes with a low σi

2 have 
smaller deviations from the mean across environments and thus more 
stable. A significant departure of a genotype’s regression coefficient 
from zero will be indicated by a large stability variance. The existence 
of genetic variation in responses to environmental changes among 
genotypes or significant genotype×environment (GE) interaction is 
the primary basis for stability analysis. Considerable variation among 
Iranian Damask rose populations has been reported for many traits 
such as morphological, oil content and flower yield.3,17,18 Results of 
some researches19,20 showed environmental effects on the quality and 
quantity of flower and essence yield. Nirmal & Sushil Kumar21 also 
introduced Ranisahiba landrace of Damask rose with relative higher 
essential oil and stable for some morph-physiological traits. Despite 
the existence of relatively high essential oil landraces of Damask rose, 
stability and adaptability are important. This study was carried out 
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Abstract

Essential oil (EO) production is the main objective of Damask rose cultivation but 
its stability at different environments has not been well documented. In order to 
this, 35 landraces of Damask rose were studied at 7 locations in Iran during 2007-
8. The analysis of variance revealed significant differences (p≤0.01) in EO among 
landraces (G), locations (L), Years (Y/L) and for landrace×location (GL) interaction. 
A large portion of EO variation was attributed to environment (Location-year) and 
landrace×environment (GE) effects. The GL interaction was mainly crossover and 
mainly accounted for by non-linear (unpredictable) component. The total mean of EO 
was 286ppm and Kashan with 681 ppm and the landraces of SM2, SM1, AK1 and BA1 
with 547, 442, 440 and 427 ppm respectively produced the highest oil among studied 
locations and landraces. According to the results, most of landraces that originated 
from warm temperate and arid regions produced higher EO than those from cool, 
semi-arid and humid regions. There was high consistency of stable genotypes with 
two stability models of Eberhart & Russell1 and Shukla’s2 stability variance (σi2) and 
according to them the landraces of CM1, QM1, KZ1, KS1 and HO1 were general stable 
with dynamic stability concept. In addition, we recommend the landrace of CM1 as 
moderate essential oil with general stability and adaptability in different environments 
and locations, furthermore, SM1 and BA1 can be recommended as superior essential 
oil with specific adaptability for warm and arid of the southern part (Khuzestan, etc.) 
and SM2 and AK1 for temperate and cool areas of the northern half (Isfahan, Khorasan 
etc.) in Iran. 

Keywords: adaptability, aromatic - medicinal plants, damask rose (rosa damascena 
mill.), dynamic stability
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with objective of evaluation of essential oil performance and stability 
of 35 landraces of Damask rose across various environments.

Materials and methods 
Material and field experiment. Thirty-five landraces of Damask rose 
from 13 different origin sites of Iran (Figure1 & Table 1) evaluated for 
essential oil and stability at seven locations (Sanandaj, Arak, Kashan, 

Dezful, Stahban, Kerman and Mashhad) and two years (2007-8) in 
Iran (Figure1 & Table 2). The safe and uniform annual saplings of 
the landraces were planted at each location in March 2004 using 
randomized complete block design with three replications. Plant 
spacing was 3m×3m (1111 plants per hectare) and each plot comprised 
of three plants. Normal cultural practices followed as and when 
necessary in each location. 

Table 1 Origins of Damask rose landraces according to geographical similarities3 

*T, temperate; C, cool; W, war; A, arid; SA, semi arid; H, humid
Yearly mean temperature in warm, temperate and cool climates are 15-25ºC , 10-15ºC and 0-5ºC, respectively. Yearly mean rainfalls in semi-humid, semi-arid and arid 
climates 600-1400mm, 300-600 and 100-300mm, respectively

Landraces Origin site Province(s) included Climate* Landraces Origin site Province(s)included Climate*

IS1 to IS10 Os1 Isfahan T,A ZA1, QZ1 Os8 Zanjan, Qazvin CT,SA

EA1, WA1, AR1 Os2 East and west Azerbaijan, Ardabil CT, SA SM1, SM2, QM1 Os9 Semnan, Qom WT,A

IL1, KS1 Os3 Kermanshah, Illam T,SA FA2, KM1 Os10 Fars, Kerman T,SA,A

TH1, AK1 Os4 Tehran, Markazi C T,SA KR1, HA1 Os11 Kurdistan, Hamedan C,SA

CM1, LO1 Os5 Chaharmahall, Lorestan CT,T, SA GU1 Os12 Guilan T,H

KO2 Os6 Razavi Khorasan T,SA YZ1, YZ2 Os13 Yazd WT,A

KZ1, HO1, BA1 Os7 Khuzestan, Hormozgan, Sistan W,A        

Table 2 Some ecological parameters and essential oil content (EO) data of the research locations
** and * denote significant at p≤0.01 and p≤0.05 respectively. 
EOMean, essential oil content (EO) mean of location (ppm); r, correlation coefficient of EO in 2007 with 2008; Vg, Genetic variance component of EO among locations; Vr 
residual variance of EO; c int, confidence interval for the location mean of essential oil content

Locations

Ecological parameters Resulted datas

Altitude 
(m)

Average temperature 
(ºC)

Relative 
humidity 
(%)

Annual 
rainfall 
(mm)

A n n u a l 
evaporation 
(mm)

Tota l 
sunny 
hours

EO 
Mean 
(ppm)

r Vg Vr Df C

TOpt TMax TMin

Sanandaj(L1) 1373.4 16 21.4 5.4 47 462.4 1340 2860 1041 0.41** 1254.1 1870.8 34 104.1± 
14.8

Arak ( L2) 1708 13.8 20.7 6.9 46 341.5 1750 2973.3 36.7 0.25 91.2 359.9 29 36.7 ± 
7.1

Kashan (L3) 982.3 14 26.1 12.1 40 138.8 2526 2906.2 680.6 0.83** 21169.5 4557 34 680.6 ± 
23.2

Dezful (L4) 82.9 16.2 32 15.8 48 343.8 2334 3066.1 217.6 0.34* 5781.3 12307 28 217.6 ± 
41.9

Stahban (L5) 1288.3 16.8 27.7 10.9 39 293.1 2196 3370.4 354 0.23 19692.7 10171.2 32
354 ± 
35.6

Kerman (L6) 1753.8 17.8 24.7 6.9 32 154.1 1800 3165.3 191.3 0.94** 17905.1 1862.4 34 191.3 ± 
14.8

M a s h h a d 
(L7) 999.2 14.1 21.1 7 55 255 1720 2887.6 393 0.42** 14341.1 73465 33 393.0 ± 

94.4

Figure 1 The origin sites of Damask rose landraces(OS1- Os13) and 
research locations (L1-L7) on the map of Iran.

Essential oil extraction process: The essential oils were extracted 

from 500g samples of fresh petals of each replication and landrace in 

each trial by hydro distillation for 1.5h using diethyl ether as solvent. 

The oils were dried over anhydrous sodium sulfate. The essential oil 

ratio (EO) of each sample was calculated as the essential oil weight 

relative to the fresh petal weight.

Statistical analysis: Initial ANOVA for essential oil of 35 Damask 

rose landraces (a perennial plant) in 7 locations and 2 years was 

performed based on the complete randomized block design with 3 

replications as split-split plot in times (Location as main factor, 

landrace as sub factor and year as sub-sub factor) as following model:

https://doi.org/10.15406/hij.2018.02.00063
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( ) (j) ( ) (j í (j)íi í ( ) í (j))
(L) (L) (L) iki jijk j i ij ik kk j

X L R L G LG RG Y GY ªRYµ= = + + + + + + + +
			                                       

(1)

Where Xíijk is essential oil of íth replication of ith genotype at jth 
location and kth year, μ is population mean, L is effect of location, 
G is effect of genotype (landrace), Y is effect of year within location 
and Є is residual effects or error. After, determining of significance 
of landrace×location (GL) and landrace×year (location) (GY/L) 
interactions, stability parameters were estimated. The softwares of 
Minitab-14 and IRRISAT were used for statistical analyses.

Stability parameters estimation: The stability model proposed by 
Eberhart & Russell1 and Shukla’s2 stability variance (σi

2) was used to 
estimate stability parameters as follows. 

Regression of essential oil on environmental index (bi): As 
described by Finlay & Wilkinson,22 Singh & Chaudhary:23

( )ij j jbi = Y I  / I∑ ∑
			                                

(2)

Where Yij is yield of the ith landrace in the jth environment and Ij 

is environmental index and oj oojI = Y - Y  where Ῡ1oj is essential oil 
mean of the jth environment and Ῡoo is the total mean. The regression 

coefficients (bi) were tested via t- test as t = b - b( ) / Sβ  where

( )2
b jS =  Mse / I√ ∑ , Mse is pooled error and β=expected value of 

one. 

Variance due to deviation from regression (Sdi
2): As described by 

Eberhart & Russell,1 Singh & Chaudhary:23 2 2
i ijSd = ( )ä / q - 2∑  

where

2 2 2 2 2
ij j ij io j ij j j j= Y - Y / q( ) ( ) – Y I / Iδ∑ ∑ ∑ ∑                         (3)

Where q is the number of environments, Σδij
2 is sum of 

squares (SS) of deviations, Ῡio is mean yield of genotype i across 

environments, 2 2
j ij ioY - Y( )/ q∑  is total sum of squares (SS) and 

2 2
j ij j j j( )Y I / I∑ ∑  is SS of regression. Sdi

2 of genotypes were tested 
with pooled error (MSe).

Shukla’s (1972) stability variance (σi
2): is estimated as:

( )( ) ( ) ( )( )( )2
i ió = p / p - 2 q -1  W – SS GE  / p -1 p -[ ] [ 2 q -1 ]  

where ( )2

  io oj ooi j ijW Y Y Y Y= Σ − − +  and ( )i iW = SS GE∑  (4)

There p is the number of genotypes, SS (GE) is the 
genotype×environment interaction sum of squares.

Results 
The result of combined analysis of variance for essential oil 

content (EO) of 35 Damask rose tested across 7 locations during 2007-
8 revealed significant differences (p≤0.01) in EO among landraces 
(G), locations (L), Years (Y/L) and for landrace×location (GL) and 
Landrace×Year (Location) (GY/L) interactions. Analysis of variance 
also showed that about 44% of total sum of squares was attributed 
to environmental (Location-Year) effects, whereas genotypic and 
GE effects explained about 4% and 48% respectively. Also, only 
the non-linear component was significant in landrace×location (GL) 
interaction (Table 3). According to the means of environments and 
locations (Tables 2 and 4), the total mean of EO in this study was 286 
ppm and the year of 2007, location of Kashan and the environment of 
Kashan - 2007 with 307, 681 and 713 ppm respectively produced the 
highest EO and the year of 2008, location of Arak and the environment 
of Arak - 2007 with 266, 37 and 35 ppm respectively produced the 
least oil yield among evaluated environments and locations. The 
correlation of EO mean of 2 years (2007-8) was r=0.48** with 
considerable variation (0.23 in Stahban to 0.94 in Kerman). Among 
origin sites of landraces, the origins of OS9 (provinces of Semnan 
and Qom) and OS4 (provinces of Tehran, Markazi) with 423 and 366 
ppm respectively produced the highest and OS12 (Guilan) and OS6 
(Khorasan) with 194 and 221 ppm respectively showed the least oil 
mean (Table 4). Also the landraces of SM2 (OS9), SM1 (OS9), AK1 
(OS4) and BA1 (OS7) with 547, 442, 440 and 427 ppm respectively 
produced the highest while the landraces of GU1(OS12), IS6 (OS1), 
YZ2 (OS13) and AR1 (OS2) with 194, 201, 218 and 220 ppm 
respectively showed the least EO among studied landraces (Table 
4). Arak and Kashan with 91.2 and 21169.5 respectively showed the 
least and the highest genetic (landrace) variance for EO between 2 
years (Table 2). The stability model proposed by Eberhart & Russell1 

and Shukla’s2 stability variance (σi
2) were used to estimate stability 

parameters in this study and their results are summarized in Table 4. As 
it is shown in it, in 2007, the landraces of KS1, IS5, KZ1, HO1, YZ1, 
IS8, IS3, CM1 and QM1 were stable based on the Eberhart & Russell1 

model conditions (regression of essential oil on environmental index 
- bi equal to unity and variance due to deviation from regression - Sdi

2 
equal to zero). According to Shukla2 model, in 2007, the landraces 
of IS4, CM1, KZ1, IS3, TH1, QM1, IS1, IS8, KS1 and IS10 showed 
the least stability variance (σi

2) and thus were stable while In 2008, 
the landraces of KZ1, QM1, CM1 and ZA1 were stable based on 
the Eberhart & Russell1 model and YZ1, IS2, CM1, HA1, HO1, IS3 
and KZ1 were stable based on the Shukla2 model. The correlation of 
regression of essential oil on environmental index (b) of genotypes 
between 2007 and 2008 (reproducibility of the regression) was r=0.31 
and those that in locations were r=0.35 and r=0.55** respectively. 

Table 3 Combined analysis of variance for essential oil content of 35 Damask rose landraces in 7 locations and 2 years in Iran(The original data have been 
multiplied in 1000) 
** and ns denote significant at p≤0.01 and non significant respectively.

Sources of Variation(SV) DF SS MS Explained(%)

Location 6 66.58 11.11** 35.8

Rep (Location) 14 2.22 0.16 1.2

Landrace 34 6.98 0.21** 3.7

Landrace × Location 204 51.17 0.25** 27.5

Rep× Landrace (Location) 476 5.69 0.01 3.1
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Year (Location) 7 10.15 1.45** 5.5

Landrace × Year (Location) 238 32.66 0.14** 17.6

Rep. × Year (Location) 14 2.53 0.18** 1.4

Error 397 7.98 0.02

Total 1390 185.96

Location (Linear) 1 11.3 11.30** 46.4

Landrace × Location (Linear) 34 2 0.058 ns 8.2

Pooled deviation from regression (∑Sdi2 ) 175 9.5 0.054 ** 39

Pooled error 465 1.55 0.003  

Table Continued.....

Finally, five landraces of CM1, QM1, KZ1, KS1 and HO1 with 
277, 281, 238, 233 and 245 ppm respectively EO were stable GL 
interaction based on the Eberhart & Russell1 model. All of these 
stable landraces for GL interaction, located among the first ten stable 
landraces for EO according Shukla2 model with the least stability 
variance (σi

2). The correlation of stability variance (σi
2) of genotypes 

between 2007 and 2008 (reproducibility of the stability variance) 
was r=0.15 and those that in locations were r=0.81** and r=0.54** 
respectively.

Discussion
The large environmental sum of squares (Nearly half of total 

sum of squares) indicated that environments were diverse and large 
differences among environmental means causing most of the variation 
in essential oil. Because of varying ecological conditions of studied 
locations in this research (seven areas involving almost all parts of Iran) 
(Figure 1), observed differences among locations and environments 
were expected. According to Table 2 and the obtained results, with 
the exception of two locations of Arak (L2) and Stahban (L5) the 
reproducibility between the years, measured by the correlation (Table 
2), was generally acceptable. There were wide ecological variations 
both between and within two groups of high essential oil locations 
[Kashan (L3), Mashhad (L7) and Stahban (L5) with 476 ppm and 
low essential oil ones [Dezful (L4), Kerman (L6), Sanandaj (L1) and 
Arak (L2)] with 137 ppm mean of essential oil. The results suggest 
significant variation among landraces for essential oil. The existence 
of genetic variation is the primary base for breeding programs; 
therefore, selection for this trait could be possible. In accordance to 
this results, Tabaei Aghdaei et al.3,17 and Babaei et al.,18 also found 
significant mean square among landraces for essential oil. Generally, 
because of asexual reproduction (through cuttings), there is a low 
genetic variation among Damask rose accessions and landraces, also, 
in Iran, unlike other countries such as Bulgaria and Turkey the main 
goal of rose cultivation isn’t essential oil, but is flower and rose water 
production. Thus, the Damask rose landraces haven’t been subjected 
to genetic improvement for essential oil and there isn’t a considerable 
genetic diversity among Iranian landraces. This can be a description 
for low portion of genetic (landrace) variance in total variation for 
essential oil in present study (about 4%). Although there were varying 
origin sites, climates and ecological conditions in both high and low 
essential oil landraces groups, in addition, most of Damask rose 
landraces belonged to temperate, warm temperate and arid regions 
such as SM2 and SM1 (OS9), AK1 (OS4), some of Isfahan group 
of landraces such as IS9 and IS10 (OS1) and BA1 (OS7) produced 
higher essential oil than those originated from cool, cool temperate, 
semi-arid and humid regions such as GU1(OS12), HA1(OS11), 
KO2 (OS6) and AR1(OS2). Among the first ten superior landraces 
for essential oil, two of them were from origin site 1 (Isfahan) that 

wholly originated from Kashan area. Kashan is the main source of 
Damask rose landraces and Kashan farmers have longed experience 
in cultivation and production of Damask rose and rose water in Iran. 
Although the main objective of Kashan farmers is flower and rose 
water production, this result suggests of the effective role of selection 
(has been accomplished by traditional farmers either arbitrarily 
or randomized) for flower yield and essential oil improvement. 
The results showed high genetic (landrace) variance for essential 
oil between 2 years among studied locations (from 91.2 in Arak 
to 21169.5 in Kashan). In accordance to this, the non overlapping 
confidence intervals (Table 2) indicate highly significant differences 
in essential oil among the locations and could be important in practical 
implications. The significant landrace×location (GL) interaction 
indicating that essential oil is highly influenced by the changes in 
environments, thus leading to extension of analysis for estimating 
stability parameters. The magnitude of GE sum of squares was 12 
times larger than of the genotypes (G), indicating that there were 
differences in genotypic response to environments. This variability 
was mainly due to the ecological characteristics across experimental 
locations and years. Based on the results, both landrace×environment 
(GE) and landrace×location (GL) interactions were mainly crossover 
or qualitative interaction that according to Gregorius & Namkoong24 

and Baker16 can be used in breeding practices. An interesting result 
of this study was the high relative consistency of type and order of 
the stable genotypes with two studied stability method of Eberhart 
& Russell1 and Shukla2 both in years (2007-8) individually and 
locations for GL interaction. This could be due to the fact that both 
of Eberhart & Russell1 and Shukla2 model measure dynamic stability 
of genotypes in environments, thus the high compliance of stable 
(adaptable) genotypes in them can be natural and expectable. As 
conclusion, according to Eberhart & Russell1 considerations (b equal 
to unity, S2

d and equal to zero) and Shukla2 (σ2 or stability variance 
equal to zero), the landraces of CM1, QM1, KZ1, KS1 and HO1 
were stable in locations. Kempton & Fox25 described adaptation as 
yield stability in spatial dimension so we can announce the stable 
landraces in locations as adaptable and compatible ones. According 
to Ramagosa & Fox26 adaptability or stability of a genotype often 
relates to physiological, morphological and phonological mechanisms 
and accumulation of tolerance to a number of stresses is the key to 
wide adaptation. The stable Damask rose landraces by Eberhart & 
Russell1 method produced essential oil about average of landraces and 
also, absence of high essential oil landraces such as SM2, IS4, SM1, 
AK1 and BA1 among stable and adaptable ones, suggesting that this 
method measure general stability and adaptability. 

Conclusions and recommendations
The results of this study suggest that a large portion of essential 

oil variation was attributed to environment (Location-year) and 

https://doi.org/10.15406/hij.2018.02.00063
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landrace×environment (GE) effects. There were high variations in both 
essential oil and response to environmental changes among Damask 
rose landraces of Iran, which can be used in breeding programs. Both 
essential oil and stability of essential oil are influenced by genetic 
and environmental factors. Most of Damask rose landraces belonged 
to temperate, warm temperate and arid regions produced higher 
essential oil than those originated from cool, cool temperate, semi-
arid and humid regions. The significant non-linear component of the 
landrace×location (GL) interaction was an indication of the importance 
of unpredictable genotype response to environmental changes and 
instability of performances of some landraces over locations. As 
conclusion, according to Eberhart & Russell1 considerations (b equal 
to unity and S2

d equal to zero) and Shukla’s2 (σ2 or stability variance 
equal to zero), the landraces of CM1, QM1, KZ1, KS1 and HO1 
were stable in locations. Both models of Eberhart & Russell1 and 
Shukla’s2 showed almost same results in determination of genotypes 
with dynamic stability in locations. The stable and adaptable Damask 
rose landraces by Eberhart & Russell1 method produced essential oil 
about average of landraces. Absence of high essential oil landraces 
among stable ones, suggesting that selecting for essential oil stability 
and adaptability over environments and locations could result in 
lower oil. Finally, taking into consideration of essential oil, stability 
and adaptability potential, we recommend the landraces of CM1 as 
moderate essential oil landrace with general stability and adaptability 
in different environments and locations. According to Singh & Gupta27 

variety stability has genetic control thus the landrace of CM1 can be 
used as a parent-in-crosses to transfer genetic stability for essential 
oil to progenies. Finlay & Wilkinson22 pointed out that genotypes that 
have a slope (b value) greater than unity are specifically adapted to 
high yielding environments, so the landraces of SM1 and BA1 can 
be recommended as superior essential oil with specific adaptability 
for warm and arid southern part of Iran such as Khuzestan, Kerman, 
Sistan etc. and the landraces of SM2 and AK1 for temperate and cool 
areas such as the northern half (Isfahan, Markazi, Khorasan etc.) in 
Iran. 
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