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Table 4- Combined analysis of variance for seed yield of cumin ecotypes based on Eberhart and Russell regression method

Source of variationdabl 4,3 Ola e ggoome Olape (ke F

et e df  Sum of squaresMean squares
S g, Sowing date (SD) 4 250833.8 62708.44 446
<l &, 0 S5 Replication (SD) 10 81561.58 8156.16 273"
Ry Ecotype (E) 8 258523.9 3231549 530"
Bl g )3 (S Ex SD 32 449905.3 14059.54 471"
(hs) cosls o b SD (linear) 1 250833.8 250833.8 -
(dhas) cls fusb 3 euiss!  Ex SD (linear) 8 121415.8 15176.97 125"
S yo iyl Combined deviation 27 328488.03 12166.22 408"
iows Semnan 3 25491.78 849726 285"
ol Fars 3 42726.43 14242.14 477"
S Yazd 3 51290.38 17096.79 573"
Olwds Golestan 3 26209.5 8736.50 293"
Gy Sl s Khorasan-Razavi 3 13947.07 4649.02 156"
Sl ol Khrasan-Jonoubi 3 70099.56 23366.52  7.83"
o el Khorasan-Shomali 3 34471.39 11490.46 385"
Sl Isfahan 3 23033.72 767791 257"
OleyS Kerman 3 41218.21 137394 460"
S yo olins! Combined error 80 238825.2 2985.30 -
L P a0 50 Junl e 53 e e TS
, and ", are significant at 5%, 1% and non-significant, respectively
2.5

*
Khorasan-Shomali

Golestan

S geyS ) oy

Linear regression coefficient
—

ab > Sles
Seed yield (kg ha'!)
o a1 (53906 Bid) daoly 9 Oyl (gl yilb) (- (ygmm S 5 oy 9 413 3 ot (Sl b 2 WaicaiST ST - ) JSS
(5,35 o0 4ty 5,50os

Figure 1- Scatter plot of seed yield mean and linear regression coefficient (first parameter) of Eberhart and Russell. (Vertical
line shows the seed yield mean)
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Table 5- Stability parameters based on Eberhart and Russell regression method in ecotypes of cumin

G331 I el

i sS] e Sy g PSS b g 5 ) Sl o g0z 1 O o
Ecvo“t es T8k Regression lase Sum of squares of . . Coefficient of
yp Yield mean  coefficient  Intercept  regression deviation Linear regression determination
deviation
Lo be ns *
S “ 652.4 -0.104 0.04 299.3 8497.26 1.2
cmnan
15 d ns %
o 519.8 1.173 2.69 383253 1424214 473
ars
) be ns e
o2 648.8 1.791 5.23 89385.9 17096.79 63.5
Yazd
ol 641.5" 0.729" 1.69 14798.6 8736.5 36.1
Golestan
LSP) UL‘)‘P cd ns
Khorasan- 591.9 0.597 2.13 99199.0 4649.02 41.6
Razavi
J\A& UL‘)‘P ab ns Hk
Khorasan- 729.9 1.194 1.7 39722.1 23366.52 36.2
Shomali
GP ULM)‘P cd ns *
Khorasan- 609.3 0.284 0.2 2250.3 11490.46 6.1
Jonoubi
ol 606.2" 1.035 " 3.89 29840.4 7677.9 56.4
Isfahan
OLO; a ns *k
797.1 2.302 10.75 1477103 13739.4 78.2
Kerman

il 700 Jloiol g 1> (S5 9ol obly osine clis pus Sy Syite B zals T
2oy 0 Jlss! gdaw » Hotb=1 (6,8 sl t oygejl aomss TT
et g 40V 90 Jlisl o 3l dme e ™ 57 S
tSimilar letter indicated no significant difference according to HSD test at 5% probability level.
11 Result of 7 test for the hypothesis Hy: b; = 1, at 5% probability level.

IS ns

, and ™, are significant at 5%, 1% and non-significant, respectively.

25000
H ¢ :
iKhorasan-Shomali }
“g’ 20000 F teeresteeeerreneerrannaeiaeat s
o~ 8
——'{) § : ® Yazd :
5 5 15000 | g Fars Kergpan- -
= .8 Khorasan-Jonoubi
9 3 *
k-] L
\\,,': g 10000 Golestan ¢ A :
§§ 2 Isfahan & Semnan
.3 (5] H
B 5000 r H ..
~ i Khorasan-Razavi
O 1 1 1 1 1 1 1

450 500 550 600 650 700 750 800 850
ab > Sles
Seed yield (kg ha'!)
bl j1 (53908 ba) (Jly 9 )l 095 il L) (ygmns s 5 51 Blol eyl g il 3, Shos (pilie (b 2 LcassS T (ST Y JSS
(5558 o aild 3 5dos pSilue

Figure 2- Scatter plot of seed yield mean and regression deviation variance (second parameter of Eberhart and Russell).
(Vertical line shows the seed yield mean)
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Figure 3- Scatter plot of regression deviation variance and linear regression coefficient
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Table 6- Other stability statistics used to investigate the effect of ecotype x sowing date in cumin

S .&a;'wy‘gﬁ ‘ W (550l miliyl sk (il ly E95
Ecvo“t vpes Wricke's ecovalence g, 51 stability variance Environmental variance  Coefficient of variation
o S . CV;
(W) ©@) ) V)
e 59438.3 17096.7 6447.7 31.12
Semnan
ot 43557.2 11992 20262.9 27.39
Fars
> 68722.2 20080.8 35169.1 289
Yazd
oheds 28261.3 7075.5 10252.1 15.78
Golestan
spoy ol 18482.7 3932.4 5966.7 13.05
Khorasan-Razavi
sl
Khorasan- 71146.6 20860 27455.6 227
Shomali
ws glp 48753.7 13662.3 9180.5 15.72
Khorasan-Jonoubi
oo 23067.3 5406 13218.5 18.97
Isfahan
ke 88474.5 26429.7 47232.1 27.26
Kerman
30000 —————————————— 1.
25000 Kerman
2 20000 | o Yazd » %
= S az Khorasan-Shomali :
“'3') s o 4 Semnan ;
5 & 15000 | Khorasan-Jonoubi |
EN- ¢
) «g ¢ Fars
4. 210000
v g :
-‘é Isfahan  #Golestan
& 5000 f P :
:‘-“Khorasan—Razavi
0 L 1 1 L 1 1 1
450 500 550 600 650 700 750 800 850
aild 5 Slos

Seed yield (kg ha'!)

(3,35 o 43 3 Shos (:Silen a1 (3905 13) WS (5l ilyly 9 4 3,Shas (Silen ol 2 UaiuiST ST ~€ JSS
Figure 4- Scatter plot of Shukla's stability variance and seed yield mean (vertical line shows the seed yield mean).
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Figure 5- Scatter plot of Wricke's ecovalence and seed yield mean (vertical line shows the seed yield mean).
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Table 7- Spearman's rank correlations among the different statistics parameters

R SDR  YIR b, Sd. 0 W, v, S’
SDR  -0.433 1
YIR 1.07 -0433 1
b 0617 02 0617 1
sS4 -0417 0067 0417 005 1
r’ 005 0283 005 000 -0.25 1
W, -0.85" 0233 -085" 0.567 0.750° -0.2 1
o -085" 0233 085" 0567 0750 02 107 1
S° -0483 0033 -0483 008 0767 -0733" 070" 0.700" 1
CV__ 01 0083 01 -0.133 0.750" -0.767" 0.433 0.433 0.90"

2000 ) Jlaas! gaw 53 )b dxe cus g ™
* and ** Significant at 5% and 1% respectively.
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Introduction

Cumin is one of the most important medicinal plants in Iran and today, it is in the second level of popularity
between spices in the world after black pepper. Cumin is an aromatic plant used as flavoring and seasoning agent
in foods. Cumin seeds have been found to possess significant biological and have been used for treatment of
toothache, dyspepsia, diarrhoea, epilepsy and jaundice. Knowledge of GEI is advantageous to have a cultivar
that gives consistently high yield in a broad range of environments and to increase efficiency of breeding
program and selection of best genotypes. A genotype that has stable trait expression across environments
contributes little to GEI and its performance should be more predictable from the main several statistical
methods have been proposed for stability analysis, with the aim of explaining the information contained in the
GEI Regression technique was proposed by Finlay and Wilkinson (1963) and was improved by Eberhart and
Russell (1966). Generally, genotype stability was estimated by the slope of and deviation from the regression
line for each of the genotypes. This is a popular method in stability analysis and has been applied in many crops.
Non-parametric methods (rank mean (R), standard deviation rank (SDR) and yield index ratio (YIR)),
environmental variance (S') and genotypic variation coefficient (CV;) Wricke's ecovalence and Shukla's stability
variance (Shukla, 1972) have been used to determine genotype-by-environment interaction in many studies. This
study was aimed to evaluate the ecotype x sowing date interaction in cumin and to evaluation of genotypic
response of cumin to different sowing dates using univariate stability parameters.

Materials and Methods

In order to study of ecotype x sowing date interaction, different cumin ecotypes: Semnan, Fars, Yazd,
Golestan, Khorasan—Razav1 Khorasan- Shomah Khorasan Jonoubi, Isfahan and Kerman in 5 different sowing
dates (26t December, 10® January, 25t January, 9t February and 24‘h February) were studied. The experiment
was conducted during growing season of 2011-2012 in Agricultural Research field of Shahid Bahonar University
of Kerman, Iran; and grain yield was measured in the end of the growing season. Combined ANOVA, Bartlett
test and mean comparison (Duncan's multiple range test) was performed using SAS 9.1 software. Considering
the significant interaction between ecotypes and sowing dates, non-parametric methods (rank mean (R), standard
deviation rank (SDR) and yleld 1ndex ratio (YIR)), and different methods of univariate stability parameters
include: environmental variance (S%), genotypic variation coefficient (CV;), Wricke's ecovalence, Shukla's
stability variance, and Regression technique (Eberhart and Russell parameters) was applied to study Ecotype x
Sowing date interaction. Calculation of different stability parameters were done by S116 and Excel softwares. In
order to investigate the relationship between stability statistics, the Spearman's rank correlation coefficient was
calculated by using SPSS 17.0 software.

Results and Discussion

Combined ANOVA revealed that significant differences among sowing dates, ecotypes and ecotype by
sowing date interaction. More than 46 percent of variation in yield was devoted to the ecotype by sowing date
interaction; on this basis, stability and adaptability studies were performed based on non-parametric methods,
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Eberhart and Russell regression method and univariate parameters. Based on non-parametric methods (rank
mean (R), standard deviation rank (SDR) and yield index ratio (YIR)) Kerman and Khorasan-Shomali were
identified as stable ecotypes, and based on environmental variance (Szi) and genotypic variation coefficient (CV;)
parameters Khorasan-Razavi and Semnan ecotypes were diagnosed as stable while Kerman and Yazd ecotypes
were categorized as unstable ecotypes. According to the results from Eberhart and Russell, Wricke's ecovalence
and Shukla's stability variance parameters Isfahan and Golestan ecotypes were categorized as relatively stable
ecotypes. Kerman ecotype showed specific adaptability to 24™ February sowing date (favorable environment)
while Semnan had specific adaptability reaction to 26™ December sowing date (unfavorable environment).
Khorasan-Shomali showed highest sensitivity reaction to different environments (sowing dates). According to
the Spearman correlation the regression coefficient (b;) showed moderate correlation coefficient with W, and o
statistics (rs = 0.567) and with other statistics in this study showed little correlation. Similar results in the study

of Becker and Leon (1988) have been reported. Correlation between the deviation from regression (Szd) with W,
i Szi and CV; statistics was positive and significant at 5% probability level. YIR and R statistics showed

negative rank correlation and coefficient of determination (riz) and SDR don’t show any significant correlation

coefficient with other parametric statistics. Therefore, in this study, the results of these statistics did not match
with parametric methods to introduce stable ecotypes.

Conclusions

Isfahan and Golestan ecotypes were categorized as relatively stable ecotypes. Kerman and Semnan ecotype
showed specific adaptability reaction to 24 February sowing date (favorable environment) and 26™ December
sowing date (unfavorable environment) respectively. Khorasan-Shomali showed highest sensitivity reaction to
different sowing dates.
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