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The essential oil yield stability of damask rose (Rosa damascena Mill.) as an
important medicinal and aromatic plant in different environments has not been
well documented. In order to determine appropriate stability parameters, six
statistics were studied for essential oil stability of 35 Rosa damascena lan-
draces in seven locations (Sanandaj, Arak, Kashan, Dezful, Stahban, Kerman,
and Mashhad) and two years (2007-2008) in Iran, using a randomized com-
plete blocks design with three replications. Significant differences (P<0.01)
were observed in essential oil ratio among landraces (G), locations (L), and
environments (E) and in landrace X location (GL) and landrace % environment
(GE) interactions. The positive correlation of environmental variance (S?),
coefficient of variation (CV), and regression coefficient of yield over envi-
ronments (b) with essential oil suggest that only low-yield landraces develop
a similar phenotype over a range of environments and show static stability.
Although there were not any stable landraces by b (b = 0) and all of the stable
ones by S? produced very low yields, some of the adaptable ones by CV (e.g.
KMT1) showed high essential oil ratios and stability simultaneously. The stable
landraces according to the dynamic stability concept (b = 1, Sd? or variance
due to deviation from regression = 0) produced moderate essential oil. Supe-
riority index (P) determined some of the highest essential oil as adaptable lan-
draces. The stable landraces with the least variance of the years within places e
(MSy/p) produced the least essential oil. It could be concluded that a geno-

type can demonstrates both static and dynamic stability with high essential

oil content. In addition, CV, dynamic view statistics (b =~ 1, Sd>~ 0), and P are

proposed as desirable parameters for the evaluation of essential oil stability

with different concepts in damask rose genotypes.
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INTRODUCTION

A desirable landrace is one that does not only yield well in its area of initial selection but
also maintains the high yielding ability over a wide range of environments within its intended area
of production. The genotype x environment interaction (GE) is a differential genotypic expression
across different environments (Basford and Cooper, 1998). According to Ramagosa and Fox
(1993), the GE interaction reduces the association between phenotypic and genotypic values of a
genotype. This may cause promising selections from one environment to perform poorly in one
and better in another environment, forcing plant breeders to examine genotypic adaptation. Plant
breeders and agronomists often ignore GE interactions and usually select genotypes based on their
mean performance across environments. When all the test environments fall within some defined
target environment, combining yield performance with yield stability across environments has re-
ceived very little attention for practical use but could be advantageous when the target environment
encompasses a wide range of environmental conditions (Kang, 1993).

Yield stability is the ability of a genotype to avoid substantial fluctuations in yield over a
range of environmental conditions (Heinrich ef al., 1983). Adaptability or stability of a landrace
often relates to physiological, morphological and phenology mechanisms. The accumulation of
tolerance to a number of stresses is the key to wide adaptation, and consequently, selection in mul-
tiple environments is the best way to breed stable genotypes (Ramagosa and Fox, 1993). There
are two concepts of stability, ‘static’ and ‘dynamic’. Genotypes that are buffered against environ-
mental variations and develop a similar phenotype over a range of environments possess a ‘bio-
logical’ or ‘static’ stability. This type is seldom a desired feature of crop landraces since no response
is to improve the growing conditions which would be expected. In contrast, ‘agronomic’ or ‘dy-
namic’ stability permits a predictable response to environments (Becker and Leon, 1988). Re-
searchers need a statistic that provides a reliable measure of stability or consistency of performance
across a range of environments. Numerous stability parameters have been developed, but their use
in selecting high-yielding and stable genotypes are limited (Kang, 1993). Lin ef al. (1986) inves-
tigated the statistical relationship between nine stability statistics and identified three types of sta-
bility:

Type 1: Stable genotype is characterized by a small variance across all environments. This
type of stability is useful when the environments considered are not very diverse and is equivalent
to the static concept of stability (Becker and Leon, 1988).

Type 2: A genotype is stable if its response to environments is parallel to the mean response
of all genotypes in the trial. This type is equivalent to the dynamic concept of stability (Becker
and Leon, 1988).

Type 3: A genotype is stable when variance due to deviation from regression (Sd?) is small
(smaller deviation from the regression). This type of stability is also dynamic and the method of
Eberhart and Russell (1966) can be used for its estimation.

Furthermore, Lin and Binns (1988) defined the fourth type of stability as follows: A geno-
type is stable when variance due to years within locations of genotype is small (smaller variance
due to years within locations). They also defined a landrace performance measure or superiority
index (P). Lin and Binns (1988) defined P of a genotype as mean squares of the distance between
a given genotype and the genotypes with a maximum response in the locations. The smaller the
distance is to the genotypes with maximum yield, the smaller the value of P is and the better the
genotype will be.

Damask rose (Rosa damascena Mill.) is widely cultivated for its essential oil, medicinal
properties, and ornamental aspects in many areas of the world, e.g. Bulgaria, Turkey, India, and
Iran (Tabaei-Aghdaei et al., 2006; Yousefi et al., 2009). Since there are not any natural alternatives
or artificial rose essential oil, it is one of the most expensive essential oils in global markets (Baydar
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and Baydar, 2004), and the worldwide demand for high-quality rose oil is expected to rise in future
(Probir, 2013). The main producers of rose oil are Bulgaria, Turkey, Iran, and India (Rusanov et
al., 2009).

Different parts of this plant, especially its flowers, are valuable in the pharmaceutical, food,
and perfume industries. The volatile or essential oil of rose is used in aromatherapy as a mild anti-
depressant and anti-inflammatory analgesics. Besides its application in aromatic industries, some
valuable characteristics of damask rose oil such as anti- HIV (Mahmood et al., 1996), antibacterial
(Basim and Basim, 2003) and antioxidant (Ozkan et al., 2004) activities have been reported re-
cently. Considerable variations among Iranian damask rose populations have been reported for
many traits such as flower yield, oil content (Tabaei-Aghdaei et al., 2004, 2007), and molecular
markers (Pirseyedi et al., 2005; Babaei et al., 2007; Tabaei-Aghdaei et al., 2006). Essential oil
yield is highly influenced by many genetic and environmental factors. Therefore, the assessment
of the potential of genotypes in different environments (location and years), especially in countries
such as Iran with high ecological variations, is an important step in breeding programs of damask
rose before selecting the desirable ones.

In this study, 35 landraces of damask rose were evaluated for essential oil in 14 environ-
ments (2 years x 7 locations). The overall objectives were to determine which stability statistics
or methods can be recognized as more suitable for determining stable, adaptable and high-yielding
landraces and to evaluate correlations among stability statistics and essential oil yield.

MATERIALS AND METHODS

Thirty-five landraces of damask rose were evaluated for essential oil stability in seven lo-
cations (Sanandaj, Arak, Kashan, Dezful, Stahban, Kerman, and Mashhad) with different environ-
mental conditions (Table 1 and Fig. 1) for two years (2007-2008) in Iran. The safe and uniform
(about 40 cm height) annual samplings of the landraces were procured from the experimental field
of Research Institute of Forests and Rangelands of Iran (RIFR) and planted in the locations in
March 2004 using a Randomized Complete Block Design with three replications. Plant spacing
was set at 3™x3™ and each plot was composed of three plants. Normal cultural practices were fol-
lowed as required in each location. The essential oil was extracted by hydro-distillation (HD) and
solvent (diethyl ether). Fresh petals of the plants (500 g) were subjected to hydro-distillation sep-
arately for all individual landraces and years (2007-2008) for 90 min (1.5 h) using a hydro-distil-
lation (HD) type apparatus to produce oil. The oil was dried over anhydrous sodium sulfate and
weighed. The essential oil weight of each genotype was calculated from the weight of a tube con-
taining essential oil minus the tube weight. The essential oil ratio of the individual landraces was
estimated by dividing the weight of its essential oil by its initial petal weight (500 g).

A combined analysis of variance was used to estimate the mean square of landraces, envi-
ronments, and landrace x environment interactions. Landrace stability was evaluated on the basis
of landrace X location and landrace x environment (year x location) interactions by following the
main procedures in different concepts and types of stability.

(i) Environmental variance (S?): Landraces with a smaller S? are more stable. S? is estimated as:
[1] S#=ZX (Yij -Yio)*/q-1

where q is the number of environments, Y;; is the yield of the i landrace in the j* environ-
ment, and Y, is the mean yield of the i landrace in all environments.

(ii) Environmental coefficient of variation (CV): Landraces with a smaller CV are more stable
(Francis and Kannenberg, 1973). CV was estimated by:
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2] CV;= Si/ Yio x 100

where S; is the environmental variance root of the i" landrace and Yio is the mean yield of
the i landrace in all environments.

(iii) Regression coefficient of yield over environmental index (b): Finlay and Wilkinson (1963)
proposed that a regression coefficient approaching zero indicates stable performance. Regression
coefficients approximating 1.0 indicate average stability. Regression values above 1.0 describe
genotypes with increasing sensitivity to environmental change (below average stability) and greater
specificity of adaptability to high-yielding environments. Regression coefficients below 1.0 provide
a measure of greater resistance to environmental change (above average stability) and therefore,
increasing specificity of adaptability to low-yielding environments. We used their absolute con-
sideration of stability that described landraces with regression coefficient (b) equal to zero as stable
ones. As described by Finlay and Wilkinson (1963) and Singh and Chaudhary (1977):

3] pi o Vil

3] bi=

where Y;; is the yield of the i landrace in the j* environment and Ij is the environmental
index and we have I; = Yoj Yoo
(iv) Dynamic concept (b and Sd? or deviation from the regression): Eberhart and Russell (1966)
considered a stable genotype to have a slope (b value) equal to unity and a deviation from regres-
sion (Sd?) equal to zero. Stable genotypes will be those having mean yield higher than the average
yield of all the genotypes under test. As described by Eberhart and Russell (1966) and Singh and
Chaudhary (1977):

[4] bi= EYijIjandez (za?ij) 1;) thatyo? T {ZY%j- Ym) (Zj Yij 1j)®
sl q- q Zj1j?

where q is the number of environments, Xc?; ij is the sum of squares (SS) of deviations,
(Z Y2 i Y;o’/q) is the total SS, and (ZlJ Y;i L )2/ ZJIJ2 is the SS of regression. The regression coef-
ﬁ01ent of genotypes (b;) was tested via t- test with an assumed value (B=0 in Finlay and Wilkinson
and f= 1 in Eberhart and Russell model) as:
[5] t=pmr
1

where Mse is the pooled error and Ij is the environmental index.

(v) Variance due to years within locations (MSy//p): After arranging a year-location essential
oil ratio table for each landrace, MSy/p was estimated as:

S5Y/P
(y-1)1

[6] SSY/P=SSTotal — SSplaces and MSY/P =

where MSY/P is the variance due to years within locations, and y and 1 are the number of
years and locations, respectively.

(vi) Landrace performance measure or superiority index (P): As described by Lin and Binns

(1988):
[7] Pi— _ (Yij—Yj max)®
2]
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where Y;; is the mean yield of the i landrace in the j™ location, ijax is the mean yield
of the landrace with the maximum yield in the j* location, and 1 is the number of locations.

Mean essential oil ratio of landraces were compared with the overall mean of landraces
(Yoo Via t-test as:

Ti—-Too)
8] t="%gan
q
where Yi is the mean essential oil ratio of the i landrace, XSd?; is the pooled deviations,

and q is the number of environments. In order to determine the degree of associations between es-
sential oil ratio and stability parameters, Pearson’s coefficients were used.

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

Tablel. Some ecological characteristics of the research locations.

Average temperature (°C .
Locations Longitude Latitude Alitude gefemp () Relative Annual Numberof Annual — Total
. humidity rainfall freezing evaporation sunny
(Provinces) (Eas)  (North) (m) (%) (mm) days (mm) hours
TMin  TMax TOpt ¢ ¥
Sanandaj
(Kurdistan) — 47°00' 35°20° 13734 54 21.4 16 47 4624 1058 1340 2860
(LD
?Irj;(MarkaZl)’ 49°46' 34°60° 1708 6.9 207 13.8 46 3415 914 1750 29733
Kashan (Isfa- 01 020!
hany. (L3) 51°27' 33°59° 9823 121 26.1 14 40 1388 43.6 2526 2906.2
Dezful
(Khuzestan)-  48°25' 32°16'  82.9 15.8 32 16.2 48 343.8 1.6 2334 3066.1
(L4
(Sﬁ?jl;ba“(Fa“)’ 53°41' 28°58' 12883 109 277  16.8 39 2931 33.7 2196 33704
Kerman 0 cor 0 1cr
(Kerman)— (Lg) 50°38 30°15" 17538 69 247 178 32 154.1 89.1 1800 31653
Mashhad (Kho- 550 36/ 360161 9992 7 21.1 14.1 55 255 90.9 1720 2887.6

rasan) — (L7)
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RESULTS AND DISCUSSION

Significant differences (P<0.01) were observed in essential oil ratio among landraces (Q),
locations (L), environments (E) and landrace x location (GL) and landracexenvironment (GE) in-
teractions (Table 2), and stability parameters were estimated for landraces (Table 3).

The landraces of GU1, IS6, YZ2, IS5, HA1, AR1, and KZ1 showed the lowest environ-
mental variance (S?) and, thus, were stable for GE (landrace x environment) interaction. The lan-
draces of GUI, IS6, IS5, YZ2, HA1, IS8, and YZlwere stable for GL (landrace x location)
interaction for essential oil ratio (Table 5). Kempton and Fox (1997) described adaptation as yield
stability in a spatial dimension. So, we can define stable landraces for landrace x location interac-
tion as adaptable and compatible ones. The stable landraces with the S? parameter produced a very
low essential oil ratio (Table 3). Environmental variance (S?) was positively correlated with es-
sential oil ratio in both environments and locations (Table 4 and Fig. 2). The significant positive
correlation between S? and essential oil suggests that only landraces with a lower essential content
develop a similar phenotype over a range of environments and locations. Environmental variance
(S?) measures “biological” or “static” stability. This type of stability is seldom a desired feature of
crop cultivars since no response to improved growing conditions would be expected (Becker and
Leon, 1988). Because of the lowest oil yield of the stable landraces with S?, this statistic is not a
suitable parameter for evaluating essential oil stability in damask rose, especially in widely varied
ecological conditions like the studied areas, so it is not recommended.

The landraces of IS5, YZ2, GU1, IS6, TH1, HA1, and KZ1 showed the lowest environment
coefficient of variation (CV) and they were, thus, stable for GE and the landraces of IS5, GUI,
YZ2,1S6, IS8, TH1, and KM1 were stable for GL for essential oil ratio (Table 5). The stable lan-
draces with the CV parameter produced very low (YZ2, GU1, IS6, and HA1), low (IS5, KZ1, and
IS8), moderate (TH1) and high (KM1) (Table 3). The relationship between the environmental co-
efficient of variation (CV) and essential oil was positive and significant (P<0.01) in both environ-
ments and locations (Table 4 and Fig. 2). This shows that an increase in essential oil yield usually
occurs with an increase in CV. The stable and adaptable landraces with the CV parameter produced

Table 2. Pooled analysis of variance for the stability of essential oil ratio over seven locations and two
years for a total of 14 different environments (The original data have been multiplied by 1000)

Environments Locations
S0V df SS MS df SS MS
Total 489 57.80 - 244 24.40 -
G 34 2.50 0.07 ™ 34 1.90 0.06 "
E 13 25.80 1.98 * 6 11.10 1.85"
GE 442 29.50 0.07 * 204 11.40 0.06
E+ GE 455 55.30 0.12* 210 22.50 0.11*
E(L) 1 27.10 27.10* 1 11.30 11.30™
GE(L) 34 4.60 0.14 ™ 34 2.00 0.058 ™
¥Sdy? 420 24.80 0.06 ™" 175 9.50 0.054 ™
Pooled error 873 5.82 0.01 465 1.55 0.003

*

*and ™: Significant at P < 0.01 and insignificant, respectively. G = Landraces, E= Environments, GE= Landraces
x Environments, E (L) =Environment (Linear), GE (L) = Landraces x Environments (Linear) and ) Sd;>= Pooled
deviation from regression.
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o)
N
Table 3. The studied stability parameters and mean of essential oil ratio (Y) for damask rose landraces over 14 environments and 7 locations. )
L oS Y(%) (Hq: Y;=p) s? CV b (Hg : b;=0) b (Hg:b;=1) Sd? (Hy: Sd? = 0) R MSyp %,
E L E L E L E L E L E L 5
EAl 0S2 0.0259™  0.0259™  LIxI107 88x10° 12821  113.88 0970 ** 0979*F 0970™  0.979™ 59x10°"  43x10°~  5.1x10%  1.0x107 =
WA1 0S2  0.0356™  0.0356™  2.5x107  1.6x107  140.52 11116  1.377*%  1.327%%  1377%  1.327%*  15x107"  7.8x10%"  4.2x10%  2.0x107 3
ARI 082 0.0219™ 00219  4.0x10%  3.7x10%  87.24 87.47  0.640**  0.735%F 0640 **  0.735%F  13x107°  0.9x10%°  47x10%  0.6%10° o
1S9 OS1  0.0342™ 00342  14x107  9.1x10®  109.00 88.41  1.266*%  L114**  1266%*  1.114™  47x10%"  29x10%"  44x10%  1.0x107 a
1S10 0sl1 0.0313™  0.0313™  1.6x107  9.7x10% 12898 10355  1.000**  0.892**  1.000™  0.892™  9.9x10%  6.5x10%7  4.8x10%  1.0x107 S
IL1 083 0.0271™  0.0271™  7.0x10%  7.2x10%  97.57 10624 0.879**  1.016**  0.879™  1.016™  2.4x10%"  2.0x10%"  43x10°  0.4x10° @
THI 0S4 0.0292™  0.0292™  50x10%  50x10%  78.86 7429 0.819%% 0853 %%  0.819™  0.853™  1.OX10%™  14x10%7  42x10%  0.9x10° Q
CMl1 0S5 0.0276™  0.0276™  7.0x10%  53x10%  94.12 83.37  1.029%*  0.975*f  1.029™  0975™  0.5x10%™  02x10%=  47x10%  3.3x10% 5
QM1 0S9  0.0281™  0.0281™  60x10%  63x10%  87.87 89.29 0903 **  1.054**  0903™  1.054™  14x10%°  04x10%™  4.4x10%  0.4x10° 5
KZ1 0S7  0.0238™  0.0238™  40x10%  4.1x10%  86.48 8545 0813 *F  0.857*F  0.813** 0857  03x10%™  02x10%=  47x10%  0.9x10° o
ZAl 0S8 0.0316™  0.0316™  12x107  11x107 11123 10696 1280 **  1434%*  1280**  1434%x 29x10%"  0.5x10%=  4.0x10%  2.9x10% £
SMi1 0S9  0.0441%  0.0441™  26x107  13x107  114.54 82.03 1569 **  1261** 1.570** 1261 **  1.0x107"  54x10%  3.5x10%  2.0x107 z
SM2 0S9  0.0529%*  0.0529%*  42x107  2.5x107  122.10 99.16  1.824*%  1.968 **  1.824%* 1968 **  1.5x1077  63x10%7  4.1x10%  4.0x107 o
BAIl 087 0.0426"  0.0426™  24x107  1.0x107 11533 86.76  1.638** 1203 **  1.638**  1.203*  85x10%7  3.1x10%7  4.2x10%  3.0x107 2
FA2 0S10  0.0278™  0.0278™  1.0x107  7.6x10%  113.16 10542  1.027**  0.965**  1.027™  0.965™  3.7x10%"  3.1x10%"  4.9x10%  1.0x107 3
QZ1 0S8 0.0296™  0.0296™  9.0x10%  9.2x10%  103.09  109.05  1.052** 1201** 1052  1.200%  2.8x10%"  1.7x10%"  43x10%  1.3x10% 2
KR1 OSIl  0.0381™  0.0381™  2.0x107 1.6x107 11685 10524  1266** 1.006** 1266**  1.006™  1L1x107"  13x10%"  43x10%  1.0x107 &
KM1 0S10  0.0299™  0.0299™  80x10%  52x10%  96.89 7631 0962 %% 0.774%%  0962™  0.774*  3.1x10%T 24x10%7 4.8x10%  1.0x107 s
KS1 0S3  0.0233™  0.0233™  40x10%  44x10%  88.80 90.87  0.758**  0.881** 0758 **  0.880™  0.9x10%=  03x10%™  47x10%  0.4x10° o
KO2 0S6  0.0220™  0.0220™  6.0x10%  42x10%  109.95 96.56  0.811%** 0.732%%  0811*  0.732%F  2.1x10%"  15x10%"  53x10%  3.2x10% T
GUI1 0S12  0.0194™ 00194  2.0x10%  15x10%  77.85 6513 0.522%% 0473 %% 0.522%% 0473 %% 0.7x10%=  03x10%™  53x10%  1.0x1071° m
LOl 0S5 0.0280™  0.0280™  13x107  13x107  130.64 13325  1.347*% 1313  1348%*  1313%%  09x10%™  2.0x10%”  14x10%  0.9x10° £
AK1 0S4 0.0437* 00437  7.7x107  51x107 20071 163.77 2538 %% 2.767*% 2538 %%  2767*F  42x1077  1.2x10%7  3.8x10%  6.0x107 m
HO1 0S7  0.0246™  0.0246™  50x10%  3.9x10%  88.42 79.19 0773 %% 0.837%%  0.774%  0.837%F  0.9x107™  0.Ix10%™  47x10%  2.2x10% o
HA1 OSI1  0.0220™  0.0220™  3.0x10%  34x10%  84.76 8444  0.626**  0.751%F  0.626**  0.751*  12x10%°  0.5x10%=  52x10%  0.8x10° G
YZ1 0S13  0.0249™  0.0249™  6.0x10%  3.7x10% 9530 7698 0902 %% 0.777%% 0902  0.777*  0.9x10%=  0.5x10%  4.9x10%  5.6x10% ©
YZ2 OSI3  0.0217™  0.0217™  3.0x10%  23x10% 7492 69.80  0416**  0.522%F  0416**  0522%%  17x10%7  1.0x10%T  49x10%  1.0x101° m
1S1 OSI  0.0223™  0.0223™  50x10%  49x10% 9599 10671 0739 %% 0.860 ** 0739 **  0.860™  LIx10%™  1.Ix10%"  54x10%  02x10° S
1S2 OSl  0.0270™  0.0270™  6.0x10%  57x10%  90.49 8827  0.896**  0.945*f  0.896™  0.945™  13x10%"  LIx10%"  47x10%  1.2x10%
1S3 0S1  0.0271™  0.0271™  6.0x10%  54x10%  89.41 8593 0.927*%  0.921**  0927%  0.921™  0.8x10%=  1.0xI10%"  5.0x10%  1.5x10%
1S4 0sl1 0.0447%  0.0447*  5.0x107  8.6x10%  158.05 15505 0483 % 0787 %+ 0483 %+  0787*  4.8x10%7  23x10%7  17x10%  0.6x10°
IS5 OSl  0.0236™  0.0236™  3.0x10%  22x10%  71.94 64.83  0.596*% 0599 **  0.595 %% 0599 **  0.8x10%=  04x10%™  52x10%  1.0x1071°
1S6 OSl  0.0201™  0.0201™  2.0x10% 2.1x10%  78.07 7232 0539 %% 0.534 %% 0539 %% 0.534%F  0.8x10%m  0.7x10%™  55x10%  1.0x1071°
1S7 OS1  0.0224™ 00224  7.0x10%  7.4x10%  119.54  121.59 0973 **  1.055** 0972  1.055™  17x10%"  17x10%"  51x10%  0.4x10°
IS8 OSI  0.0250™  0.0250™  5.0x10% 3.5x10%  86.51 7293 0.767*%  0719%%  0767*  0719*%F  13x10%7  09x10%°  50x10%  3.1x10%

*

, " and ™: Significant at P < 0.05, P < 0.01 and insignificant, respectively.

Notel:L= Landrace, OS = Origin Site, Y= mean of essential oil ratio (Y= 0.0292%), S>= Environmental variance, CV= Environmentalcoefficient of variation, b= regression coefficient of essential oil
ratio over environmental index, Sd* = Variance due to deviation from regression, P= superiority index, MSY ;p = Variance of the years within places, E= Environment and L = Location

Note2: EA: East Azerbaijan, WA: West Azerbaijan, AR: Ardabil, IS: Isfahan, IL: [llam, TH: Tehran, CM: Chaharmahall, QM: Qom, KZ: Khuzestan, ZA: Zanjan, SM: Semnan, BC: Sistan &
Balouchestan, FA: Fars, QZ: Qazvin, KR: Kurdistan, KM: Kerman, KS: Kermanshah, KB: Kohkilloyah, KO: Razavi Khorasan, GL: Guilan, LO: Lorestan, AK: Markazi, HO: Hormozgan, HA:
Hamadan, YZ: Yazd and EOC instead of essential oil content.
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very low to high essential oil. The presence of the landrace of KM1 with an essential oil content
of higher than average among adaptable landraces directed us to the conclusion that although we
know that stable genotypes with stability type I parameters (Static stability type) such as S and
CV usually produce low yields because of low responses to environments, this is not an absolute
rule. In other words, we can find high essential oil yielding genotypes among biologically stable
genotypes such as KM1. Since landraces with a smaller CV are more stable, so we search for high-
yielding and stable ones. Thus, this could be possible. Given the results, especially the potential
access to high essential oil and stable genotypes with CV (e.g. KM1), this parameter can be rec-
ommended as a suitable parameter to find high essential oil yields with static stability evaluating
in damask rose.

There was no stable landrace (both for GE and GL) using Finlay and Wilkinson’s (1963)
consideration (b or regression coefficient of yield over environmental index equal to zero) for es-
sential oil ratio. The regression coefficient of essential oil ratio over environmental index (b value)
showed a significant (P<0.01) positive correlation with essential oil ratio both in environments
and locations (Table 4 and Fig. 2). This result suggests that all of the studied landraces have some-
what reacted to environmental changes. The regression coefficient of yield over environmental
index (b value) in Finlay and Wilkinson’s (1963) consideration (b equal to zero) measures static
stability and, based on the results, only the landraces with very low essential oil ratio showed a
slope equal to zero and developed a similar phenotype over a range of environments. The strong
positive correlation between b and the essential oil is in accordance with this result. Therefore,
this static view of b (equal to zero) is not a favorite method, so it is not recommended.

The landraces TH1, CM1, YZ1, and 1S3 were stable and CM1, QM1, KZ1, KS1, and HO1
were adaptable for essential oil according to Eberhart and Russell’s (1966) considerations (b equal
to unity, Sd* or variance due to deviation from regression equal to zero, and mean of essential oil
ratio equal to or greater than the average of landraces) (Table 5). Regression coefficient (b) showed
a significant correlation with essential oil ratio in both environments and locations (1= 0.744**
and r= 0.697**, respectively). Sd? also showed a positive significant correlation with essential oil
ratio in environments (r= 0.706**) and locations (r= 0.447**) (Table 4 and Fig. 2). The stable and
adaptable landraces according to Eberhart and Russell’s (1966) model produced an essential oil
content of the average of the landraces. Eberhart and Russell’s (1966) model measures “agronomic”
or “dynamic” stability, in which a genotype is stable if its response to environments is parallel to
the mean response of all genotypes in the trial. Therefore, by this method, we can determine gen-
erally stable, adaptable and moderate-yielding landraces. Freeman (1973) and Bernardo (2002)
have mentioned this model as the most popular method for evaluating stability in crops. This
method has been used to evaluate yield stability widely in both annual and perennial plants such
as Campanula rapunculoides (Vogler et al., 1999), Hevea brasiliensis (Omokhafe, 2004), and
Thea sp. (Wachira et al., 2002), and flower yield of Rosa damascena (Yousefi et al., 2009). There-
fore, we recommend the method of Eberhart and Russell (1966) as a useful tool to determine gen-
eral essential oil yield stability and adaptability of damask rose (Rosa damascena) landraces.

The landraces of SM2, 1S4, SM1, AK1, and BA1 with an essential oil ratio of 0.0529,
0.0446, 0.0441, 0.0437 and 0.0426%, respectively performed the best among the studied landraces
(Tables 3 and 5). They also showed the lowest superiority index (Pi). So, they were adaptable lan-
draces with high essential oil yields. The superiority index (Pi) was negatively correlated (r= -
0.581**) with an essential oil ratio (Table 4 and Fig. 2). This statistic suggests that high-yielding
landraces, which demonstrate high yielding potential in several locations, should be considered
the adaptable ones. As such, Lin and Binns’ (1988) superiority index (P) is also a suitable index to
identify high essential oil-yielding and adaptable landraces in damask rose.

The landraces GU1, YZ2, IS5, IS6, IS1, IL1, and QM1, which had the lowest essential oil
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ratio (Table 3), showed the lowest variance of the years within places (MSy//p). So, they were
stable (Table 5). The variance of the years within places (MSy/p) showed a significant positive
correlation (r=0.752**) with an essential oil ratio (Table 4 and Fig. 2). Because of mixing the year
effect with the effect of plant age, variance due to years within places (MSy/p) is not a suitable
parameter for some age-related traits such as flower yield and the traits that are strongly correlated
with plant age in perennial plants, but, due to yearly mechanism of the essential oil production,
we can use this index to discriminate stable essential oil-yielding damask rose genotypes. In ac-
cordance with its strong positive correlation with essential oil, the stable landraces with the lowest
MSy/p showed the lowest essential oil ratio. Thus, MSy,/p is not a favorable stability parameter
either.

== === Essential oil el (%)
—_— . =5dell® Ereee = PalldE

£ o107 - = =C\f10 — - - b* 10

MS BfY 108

Fig. 2. Response to environments indices and mean essential oil ratio of 35 damask rose landraces.

Table 4. Correlation coefficients between the studied stability parameters and the mean essential oil ratio
(Y) in environments and locations.

S? Cv b Sd*
P MSy/p

Envir. Loc. Envirr Loc. Envirr Loc. Envir. Loc.

Essential oil
ratio (Y)

** . Significant at P < 0.01.

0.829** 0.660** 0.669** 0.456** (0.744** 0.697** 0.706** 0.447** - 0.581** 0.752**

In addition, the stability parameters of Francis and Kannenberg’s (1973) coefficient of vari-
ation (CV), Eberhart and Russell’s (1966) model, and Lin and Binns’ (1988) superiority index (Pi)
can be recommended as desirable parameters and methods to evaluate essential oil yield stability
of damask rose landraces.

Although, Falkenhagen (1996) and Kanzler (2002) do not recommend multivariate meth-
ods, such as additive main effects and multiplicative interactions (AMMI), because of any additive
advantages versus the classic stability methods in perennial plants and forest trees, it can be
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Table 5. Stable (for environments) and adaptable (for locations) landraces based on the studied stability
parameters for essential oil ratio.

Methods Parameters Condition Stable landraces
) ) Environments  GUI1, 1S6,YZ2, IS5, HA1, AR1 and KZ1
Environmental variance S;? .
Locations GUI, IS6, IS5, YZ2, HA1,IS8 and YZ1
. Environments IS5, YZ2, GU1, IS6, THI, HA1 and KZ1
Francis and Kannenberg (1973) Cv; .
Locations 1S5, GU1, YZ2, 1S6, IS8, TH1 and KM1
. . Environments -
Finlay and Wilkinson (1963) b; .
Locations -
Environments TH1, CM1, YZ1 and IS3
Eberhart and Russell (1966) b; , Sd;? )
Locations CM1, QM1, KZ1, KS1 and HO1
] ) P; Locations LOI1, 1S4, SM1, AK1, ZA1l, SM2 and BA1
Lin and Binns(1988) )
MSv/p Locations GU1,YZ2, IS5, 1S6,1S1, IL1 and QM1

Superior landraces for essential

. . SM2, 1S4, SM1, AK1 and BA1
oil ratio

recommended to further study the use of AMMI and also non-parametric statistics such as Kang
rank sum (KRS) (Kang, 1988) and stability index (I) (Bajpai and Prabhakaran, 2000) in discrim-
inating stable, adaptable and high essential oil landraces of Rosa damascene.
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