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ABSTRACT 

In order to determinate appropriate stability parameters, six statistics were studied for 

flower yield stability of 35 Rosa damascena landraces in 8 locations over two years (2007-

8) in Iran, using a randomized complete blocks design with 3 replications. A positive 

correlation between environmental variance (S2) and flower yield suggested that only low 

yield landraces develop a similar phenotype over a range of environments. The stable and 

adaptable landraces using the environmental coefficient of variation (CV) produced a 

flower yield about average for landraces or higher. Although all of the stable landraces by 

S2 produced very low yield, some of adaptable ones by CV (e.g. YZ2) showed high flower 

yield and stability simultaneously. A negative correlation was observed between CV and 

flower yield. The regression coefficient of yield over environments (b) was positively 

correlated with flower yield; the regression coefficients of all studied landraces were 

statistically different from zero therefore were not stable with static stability concept (b 

equal to zero). The stable and adaptable landraces according to dynamic stability concept 

(b equal to unity and Sd2 or variance due to deviation from regression equal to zero) 

produced a flower yield higher than average for landraces or near it. The superiority 

index (P) determined some of the highest flower yield as adaptable landraces. The stable 

landraces with the least variance of years within places (MSY/P) produced the least flower 

yield; because of a mixing of effects (year with plant age), MSY/P isn’t a favourable 

parameter for flower yield in perennial plants. Some high flower yield landraces were 

found (e.g. YZ2 and IS5) showing stability and adaptability with varying statistics such as 

CV, b, Sd2 and P. It could be concluded that a genotype can demonstrate both static and 

dynamic stability with high flower yield. In addition, the coefficient of variation (CV), 

dynamic view statistics (b equal to unity and Sd2 equal to zero) and superiority index (P) 

are proposed as desirable parameters for evaluation of flower yield stability with different 

concepts in Damask rose genotypes. 
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INTRODUCTION 

Genotype×Environment interaction (GE) 

is a differential genotypic expression across 

different environments (Basford and Cooper, 

1998). According to Ramagosa and Fox 

(1993), GE interaction reduces association 

between phenotypic and genotypic values of 

a genotype. This may cause promising 

selections from one environment to perform 

poorly in another environment, forcing plant 

breeders to examine genotypic adaptation. A 

desirable landrace is one that not only yields 

well in its area of initial selection, but also 

maintains its high yielding ability over a 

wide range of environments within its 

intended area of production. Plant breeders 

and agronomists often ignore GE 
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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 

received
 
very little attention for practical use 

but could be advantageous
 
when the target 

environment encompasses a wide range of 

environmental
 

conditions (Kang, 1993). 

Stability of yield is the ability of a genotype 

to avoid substantial fluctuations in yield 

over a range of environmental conditions 

(Heinrich et al., 1983). The adaptability or 

stability of a landrace often relates to 

physiological, morphological and 

phenological mechanisms. Accumulation of 

tolerance to a number of stresses is the key 

to wide adaptation and, consequently, 

selection in multiple 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 

environmental variation and develop a 

similar phenotype over a range of 

environments possess a "biological" 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 "dynamic" stability 

permits a predictable response to 

environments (Becker and León, 1988). 

Researchers need a statistic that provides a 

reliable measure of stability or consistency 

the performance across a range of 

environments. Numerous stability 

parameters have been developed but their 

use in selecting the high-yielding and stable
 

genotypes are limited (Kang, 1993). Lin et 

al. (1986) investigated the statistical 

relationship between nine stability statistics 

and identified three types of stability: 

Type 1: Stable genotype that 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 León, 

1988).  

Type 2: A genotype that 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 León, 

1988).  

Type 3: A genotype that is stable when the 

variance due to deviation from regression 

(Sd
2
) is small (smaller deviation from 

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 a fourth type of stability as: a 

genotype that is stable when variance due to 

years within locations of the genotype is 

small (smaller variance due to years within 

locations). They also defined the landrace 

performance measure or superiority index 

(P). Lin and Binns (1988) defined the P of a 

genotype as mean squares of the distance 

between a given genotype and genotypes 

with the maximum response in the locations. 

The smaller distance to the genotypes with 

maximum yield, the smaller the value of P, 

and the better the genotype.  

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). Flowers are the main part of the 

Damask rose and, thus, flower yield is the 

most important trait in this crop. 

Considerable variation among Iranian 

Damask rose populations has been reported 

for many traits such as flower yield, oil 

content (Tabei-Aghdaei et al., 2004; 2007), 

molecular markers (Pirseyedi et al., 2005; 

Babaei et al., 2007; Tabei-Aghdaei et al., 

2006). Flower yield is highly influenced by 

many genetic as well as environmental 

factors. Therefore, evaluating genotypes’ 

potential in different environments (location 

and years), especially in countries such as 

Iran with high ecological variation, is an 
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important step in Damask rose breeding 

programs before selecting desirable ones. 

In this study, 35 landraces of Damask rose 

were evaluated
 

for flower yield under 

sixteen environments (2 years× 8 locations). 

The overall objectives were to determine
 

which stability statistics or methods can be 

recognized as more suitable in determination 

of stable, adaptable and high yielding 

landraces and to evaluate correlations among 

stability statistics and flower yield.  

MATERIALS AND METHODS 

Thirty-five landraces of Damask rose were 

evaluated for flower yield stability in eight 

locations (Sanandaj, Hamedan, Arak, 

Kashan, Dezful, Stahban, Kerman and 

Mashhad) with different environmental 

conditions (Table 1) over two years (2007-8) 

in Iran. Safe and uniform (about 40 cm 

hieght) annual saplings of the landraces 

provided from the experimental field of the 

Research Institute of Forests and Rangelands 

of Iran were planted in each location in 

March 2004 using randomized complete 

block design with three replications. Plant 

spacing was 3 m×3 m and each plot 

comprised of three plants. Normal cultural 

practices were followed as and when 

necessary in each location. Flower yield was 

collected during the appropriate time (early 

to late spring) related to environmental 

(year×location) conditions. Complete fresh 

flowers of each plant were collected for each 

of the replications and landraces separately 

in each environment daily. After the harvest, 

fresh flowers were weighed and flower yield 

data recorded. Combined analysis of 

variance was used to the estimate mean 

square of landraces, environments and 

landrace× environmental interactions. 

Landrace stability was evaluated on the 

basis of landrace× location and 

landrace× environment (year× location) 

interactions by following the main 

procedures in different concepts and types of 

stability.  
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Environmental Variance (S
2
) 

Landraces with the smaller S
2
 are the more 

stable. S
2
 estimated as: 

( )
1

2

2

−

−
=
∑

q

ioYYij
Si    (1 

where q is number of environments, Yij is 

yield of the ith landrace in the jth 

environment and Ῡio is yield mean of the ith 

landrace in all environments. 

Environmental Coefficient of Variation 

(CV) 

 Landraces with the smaller CV are the 

more stable (Francis and Kannenberg, 

1973). CV is estimated as 

100
2

×=
ioY

Si
CVi    (2 

where Si
2
 is environmental variance of ith 

landrace and Ῡio is yield mean of the ith 

landrace in all environments. 

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 increasing 

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 decreasing 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 consideration of 

stability that described landraces with a 

regression coefficient (b) equal to zero as 

stable ones. As described by Finlay and 

Wilkinson (1963) and Singh and Chaudhary 

(1977) 
∑
∑

=
Ij

YijIj
bi    (3 

where Yij is yield of the ith landrace in the 

jth environment and Ij is environmental 

index and Ij = Ῡoj - Ῡoo. 

Dynamic Concept (b and Sd
2
 or 

Deviation from Regression) 

 Eberhart and Russell (1966) considered a 

stable genotype to have a slope (b value) 

equal to unity and deviation from regression 

(Sd
2
) equal to zero. The 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), Singh and Chaudhary (1977) 

∑
∑

=
Ij

YijIj
bi  and 

( )
2

2

2

−
=
∑
q

ij
iSd

σ

 
that 

( ) ( )
∑
∑∑

∑ −
−

=
2

222

2

jIj

jYijIj

q

ioYijY
ijσ  (4 

where q is the number of environments, Σσ²ij 

is sum of squares (SS) of deviations, (ΣjYij
2
-

Yio
2
/q) is total SS and (Σj Yij Ij)

 2
/ Σj Ij

2
 is the 

SS of regression. Regression coefficients of 

genotypes (bi) were tested using the t-test 

with an assumed value (β= 0 in Finlay and 

Wilkinson and β= 1 in Eberhartand Russell 

model) as 

 

∑

−
=

2
Ij

Mse

b
t

β
    (5 

where Mse is the pooled error and Ij is the 

environmental index.  

Variance Due to Years within Locations 

(MSY/P) 

 After arranging a year-location flower 

yield table for each landrace, MSY/P was 

estimated as 

SSY/P = SSTotal – SSPlaces and  
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Table 2. Pooled analysis of variance for stability of flower yields over 8 locations and 2 years for a 

total of 16 different environments.  

Locations 
                          Environments 

Sources of 

variation 

Mean squares Sum of squares df Mean squares Sum of squares df  

- 326027442.52 279 - 1236448029.64 559 Total 

1918542.89** 65230461.33 34 3864950.85** 131408329.21 34 G a 
20790931.57** 145536521.11 7 49021816.89** 735327253.32 15 E b 

484287.65** 115260460.08 238 724926.37** 369712447.11 510 GE c 
1064477.47** 260796981.19 245 2104837.52** 1105039700.43 525 E+GE  

145536521.42** 145536521.42 1 738956756.38** 738956756.38 1 E(L) d 

660458.5ns 22455589.05 34 1942771.4** 66054227.53 34 GE(L) e 

441925.79** 92804415.00 210 623358.07** 305445454.00 490 Sdi
2∑ f 

192714.33 104836597.33 544 284951.33 310027050.67 1088 Pooled error 

** and 
 ns

, Denote significant at P≤ 0.01 and non significant respectively. 
a
 Landraces, 

b
 Environments, 

c
 Landraces×Environments, 

d
 Environment(Linear), 

e
 Landraces×Environments 

(Linear),  
f
 Pooled deviation from regression.  

 

( )Iy

PSSY
PMSY

1

/
/

−
=    (6 

where MSY/P is variance due to years 

within locations, y and l are the number of 

years and locations, respectively. 

Landrace Performance Measure or 

Superiority Index (P) 

 As described by Lin and Binns (1988)  

I

jYijY
Pi

2

max)( 2−
=    (7 

that where Ῡij is the yield mean of the ith 

landrace in the jth location, Ῡjmax is the yield 

mean of the landrace with maximum yield in 

the jth location and l is the number of 

locations.  

Flower yield means of landraces were 

compared with the overall mean of landraces 

(Ῡoo) via the t-test as 
( )

q

Sdi

ooYiY
t

∑

−
=

2
  (8 

where Ῡi is the flower yield mean of the ith 

landrace, ΣSd
2
i is the pooled deviations and 

q is the number of environments.  

In order to determine the degree of 

associations between flower yield and 

stability parameters, Pearson’s coefficients 

were used.  

RESULTS 

Significant differences at the P≤ 0.01 level 

were observed for flower yield among 

landraces (G), locations (L), environments 

(E) and for landrace×location (GL) and 

landrace×environment (GE) interactions 

(Table 2) and stability parameters for 

landraces were estimated (Table 3). The 

landraces GU1, LO1, SM2, KM1 and QZ1 

showed the least environmental variance 

(S
2
) and, thus, were stable for GE 

(landrace×environment) interaction. The 

landraces GU1, LO1, KM1, TH1 and BA1 

were stable for GL (landrace×location) 

interaction for flower yield (Table 5). The 

stable landraces with the S
2
 parameter 

produced very low flower yield (Table 3). 

Environmental variance (S
2
) was positively 

correlated with flower yield in both 

environments and locations (Table 4 and 

Figure 1). The landraces AR1, HO1, YZ2, 

KZ1 and IS5 showed the least environment 

coefficient of variation (CV) and, thus, were 

stable for GE and the landraces YZ2, BA, 
HO1, TH1 and KS1 were stable for GL for 

flower yield (Table 5). The stable landraces 

with the CV parameter produced flower 

yield about average for landraces or higher 

(Table 3). The relationship between the 

environmental coefficient of variation (CV) 

with flower yield was negatively significant 
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(P≤ 0.05) in environments (Table 4 and 

Figure 1). There was no stable landrace (for 

GE) using Finlay and Wilkinson's (1963) 

consideration (b or regression coefficient of 

yield over environmental index equal to 

zero) for flower yield and only a low flower 

yield landrace (QZ1) was stable for GL 

interaction. The regression coefficient of 

flower yield over environmental index (b 

value) showed a significant (P≤ 0.01) 

positive correlation with flower yield both in 

environments and locations (Table 4 and 

Figure 1). The landraces YZ2, IS5, IS8, IS4, 

KZ1, AR1, IS1 and BA1 were stable and 

YZ2, IS5, IS8, IS4, KZ1, AR1, IS6, IS1, 

BA1, IS10 and YZ1 were adaptable for 

flower yield according to Eberhart and 

Russell's (1966) considerations (b equal to 

unity, Sd
2 

or variance due to deviation from 

regression equal to zero and mean of flower 

yield about average of landraces or higher 

than it) (Table 5). Regression coefficient (b) 

had correlated significantly with flower 

yield in both environments and locations (r= 

0.878** and r= 0.694**, respectively). Sd
2
 

showed a positive but not significant 

correlation with flower yield in two 

conditions (Table 4 and Figure 1). Among 

the studied landraces, IS9, YZ2, IS8, IS7, 

IS4, IS5 and IS2 with the highest flower 

yield, respectively, (Tables 3 and 5) showed 

the least landrace performance measurement 

or Lin and Binns (1988) superiority index 

(Pi); therefore, these were stable and 

adaptable. Superiority index (Pi) had 

negatively correlated (r= -0.947**) with 

flower yield (Table 4 and Figure 1). The 

landraces GU1, LO1, ZA1, SM2 and KR1 

with the least flower yield (Table 3) showed 

the least variance of the years within places 

(MSY/P) and, thus, were stable (Table 5). 

Variance of the years within places (MSY/P) 

showed a significant positive correlation (r= 

0.689**) with flower yield (Table 4 and 

Figure 1). 

DISCUSSION 

Kempton and Fox (1997) described 

adaptation as yield stability in spatial 

dimension thus; we can define the stable 

landraces for landrace×location interaction 

as adaptable and compatible ones. The stable 

and adaptable landraces with the S
2
 

parameter produced a very low flower yield. 

The significant positive correlation between 

S
2 

and flower yield suggests that only low 

flower yield landraces develop a similar 

phenotype over a range of environments and 

locations. Environmental variance (S
2
) 

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 León, 1988). Because 

of the lowest flower yield of the stable 

landraces with S
2
, this statistic is not a 

suitable parameter for evaluating flower 

yield stability in Damask rose, especially in 

wide variated ecological conditions such as 

the studied areas and is not recommended. 
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The stable and adaptable landraces with the 

CV parameter have produced flower yield 

about average for landraces or higher. The 

presence of the high yielding landrace of 

YZ2 among adaptable landraces, directed us 

to the conclusion that, although we know 

that stable genotypes with stability type Ι 

parameters (Static stability type) such as S
2
 

and CV usually produce a low yield because 

of low responses to environments, this is not 

an absolute rule. In other words, we can find 

high yielding genotypes among biologically 

stable genotypes such as YZ2. The negative 

correlation between CV and flower yield 

shows that an increase in flower yield 

usually occurrs with a partial decrease in 

CV. Since landraces with the smaller CV are 

the more stable and so we are searching for 

high yielding and stable ones, thus, this 

could be possible. Considering of the results 

specially access possibility to high yield and 

stable genotypes with CV, this parameter 

could be recommended as a suitable 

parameter for stability evaluating of flower 

yield in Damask rose.  

There was no stable but a very low flower 

yield landrace as adaptable (QZ1) according 

to Finlay and Wilkinson's (1963) 

consideration (b equal to zero). This 

suggests that all of the studied landraces 

have more or less 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 very low flower 

yield landraces showed a slope equal to zero 

and developed a similar phenotype over a 

range of environments; a strong positive 

correlation between b and flower yield is in 

accordance with this result. Therefore, 

Finlay and Wilkinson's (1963) static view of 

b equal to zero is not a useful method and so 

is not recommend. The stable and adaptable 

landraces according to Eberhart and 

Russell's (1966) model produced a flower 

yield about average for landraces or higher. 

Eberhart and Russell's (1966) model 

measures "agronomic" or "dynamic" 

stability and, in this model, 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 are able to determine general 

stable, adaptable and high 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 for 

evaluating 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). 

Therefore, we recommend the method of 

Eberhart and Russell (1966) as a useful one 

for the determination of general yield 

stability and adaptability of Damask rose 

landraces.  

The landrace performance or superiority 

index (P) determined some of the highest 

flower producer as adaptable ones. Its strong 

negative correlation with flower yield 

suggestted that high flower yielding 

landraces always show low P. This statistic 

suggests that high yield landraces which 

demonstrate high yielding potential in 

several locations should be considered as 

adaptable ones. With consideration to this, 

Lin and Binns’ (1988) superiority index (P) 

is also a suitable statistic for identifying high 

flower yield and adaptable landraces in 

Damask rose.  

Because of mixing the year effect with the 

effect of plant age, variance due to years 

within places (MSY/P) as the other stability 

parameter is not a suitable parameter for 

flower yield and other traits that are strongly 

correlated with plant age in perennial plants. 

The stable landraces with the least MSY/P 

showed the least flower yield. Thus, MSY/P 

is also not a favorable stability parameter 

especially for perennial plants such as 

Damask rose.  

We found some high flower yielding 

landraces, for instance YZ2 and IS5, that 

were stable and adaptable with varying 

stability statistics (belong to different types 

of stability) such as the coefficient of 

variation (CV), regression coefficient of 
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yield over environmental index (b), 

deviation from regression (Sd
2
) and 

superiority index (P). This suggests that a 

genotype can (i) demonstrate both static and 

dynamic kinds of stability and (ii) high 

flower yield and stability for yield 

simultaneously. 

In addition, the stability parameters of 

Francis and Kannenberg's (1973) coefficient 

of variation (CV), Eberhart and Russell's 

(1966) model and Lin and Binns’ (1988) 

superiority index (Pi) are recommended as 

desirable parameters and methods for yield 

stability evaluating of Damask rose 

landraces. 
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پايدار، سازگار و پر ارقام بومي ارزيابي پارامترهاي سنجش پايداري در تشخيص 

 (.Rosa damascena Mill)گل محمدي عملكرد

 درويش. فو  عصاره. ح.  م،ييعقدايي طبا ا.ر. سيوسفي ، . ب

  چكيده

هاي مختلف در ارزيابي پايداري عملكرد گل اكسسشنهاي مختلف گل  به منظور مقايسه كارائي آماره

 اكسشن گل 35، شش آماره متعلق به تيپهاي مختلف پايداري براي )Rosa damascene Mill(محمدي 

 منطقه مختلف اكولوژيكي كشور و طي 8كهاي كامل تصادفي با سه تكرار در محمدي در قالب طرح بلو

 مشاهده شده بين (P≤ 0.01)همبستگي مثبت و معني دار .  مورد مطالعه قرار گرفتند1387الي 1386سالهاي 

S)آماره واريانس محيطي 
2
)
با عملكرد گل بيانگر آن است كه فقط اكسسشنهاي با توليد گل كم، فنوتيپ  

اكسسشنهاي پايدار و سازگار با آماره ضريب . گذارندمشابهي را در طيفي از محيطهاي مختلف به نمايش مي

آماره هاي . داراي عملكرد گل حدود متوسط كل اكسشنها و يا بالاتر از آن بودند) CV(تغييرات محيطي 

S)ريانس محيطي وا
2
)
اگر . گيرندپايداري استاتيك يا بيولوژيكي را اندازه مي) CV(و ضريب تغييرات محيطي  

Sچه تمام اكسسشنهاي پايدار و سازگار با آماره 
 عملكرد گل خيلي كمي داشتند، برخي اكسسشنهاي سازگار 2

ضريب رگرسيون . توام بودند داراي عملكرد بالا و پايداري عملكرد به صورت YZ2 مانند اكسشن CV با

ضرايب رگرسيون عملكرد گل بر . اكسشنها با عملكرد گل داراي رابطه مثبت بود) b(عملكرد گل بر محيط 

 و Finlayبنابراين با ديدگاه مطلق . داري با صفر اختلاف نشان دادندمحيط تمام اكسشنها به صورت معني

Wilkinson )اكسشن پايدار براي عملكرد ) ر صفر به عنوان پايدارفرض اكسشن داراي ضريب رگرسيون براب

 و Eberhartاكسسشنهاي پايدار و سازگار با روش . گل در بين اكسسشنهاي مورد بررسي وجود نداشت

Russell)  آماره هايb و واريانس انحراف از رگرسيون Sd
، عملكرد گل حدود ميانگين كل اكسشنها و يا )2

اكسسشنهاي داراي برترين عملكرد  )Binns) P و Linبا استفاده از شاخص برتري . بالاتر از آن توليد نمودند
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واسطه عملكرد گل بسيار كم و همچنين اختلاط اثر سال با به. گل به عنوان اكسسشنهاي سازگار تعيين گرديد

عيار براي ارزيابي پايداري صفاتي نظير عملكرد گل م) MSY/P(سن گياه، آماره واريانس سال درون مكان 

برخي اكسسشنهاي با عملكرد . گرددمناسبي نبوده و براي ارزيابي پايداري صفات در گل محمدي توصيه نمي

 داراي پايداري و سازگاري با آماره هاي مختلف نظير ضريب تغييرات محيطي IS5 و YZ2گل بالا مانند 

)CVi(ضريب رگرسيون عملكرد گل بر شاخص محيطي ،)bi(رگرسيون، واريانس انحراف از )Sdi
و ) 2

تواند هم داراي پايداري استاتيك بودند كه نشانگر آن است كه يك ژنوتيپ مي) Pi(همچنين شاخص برتري 

. طور همزمان باشدبوده و ضمنا داراي عملكرد گل بالائي هم به) زراعي(و هم پايداري ديناميك ) بيولوژيكي(

، )CVi( سازگاري عملكرد گل ضريب تغييرات محيطيدر مجموع با در نظر داشتن عملكرد گل و پايداري و 

ها و روشهاي مناسب  به عنوان آمارهBinns و Pi (Lin( و شاخص برتري Russel و Eberhartروش 

    .ارزيابي پايداري و سازگاري عملكرد گل در گل محمدي توصيه مي شوند
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