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Stability analysis of seed yield in safflower genotypes
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Table 1. Analysis of variance of additive and multiplicative main effects for
safflower genotypes grain yield

CJ\J.:;G cl.'w LSJ‘).T a3 CJL%{J& C)am F AR PHH G.;}: u.uﬂi)‘}
Sources of variation  Degree of freedom Sum of Squares Variance explained %
s
Total -
s 539 364470683 -
Genotype o
Le 29 195100897 157.41 5591
Environment -
e 5 100147635 364.99 28.70
el
Interaction 145 53690429 8.66"™ 15.39
IPCAL 33 33917008 24.05™ 63.17
IPCA2 31 10953445 8.27" 20.40
IPCA3 29 4761656 3.84™ 8.87
IPCA4 I
ol 27 2870211 2.49 534
Residuals
s 25 1188109 .11 2.21
Error
348 14873195 - 4.08

Sl e e DS AR | cb.ﬂ): Jls e F
** Significant at the 1% level of probability; ns: non-significant
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Figure 1. Genotype and environment interaction biplot based on first component
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Table 2. Genotype yield means, interaction principal component coefficient
and genotypes ranks based on parameters

ity

e i) oS 455 IPCA 455 IPCA 455 IPCA 455 IPCA 455
?:) Genotype Mean Rank 1 Rank 2 Rank 3 Rank 4 Rank
~ode
1 Local Arak 1274 £ 22 7.30 17 3.44 8 0.74 2 4.43 18
2 411 2091 b-e 9 0.99 2 -2.06 3 6.57 24 6.18 21

3 Esfahan 24 1865 c-f 10 7.38 18 -5.16 15 -4.26 15 8.23 24

4 Darab 7 2485b 4 3.26 4 -2.51 7 5.36 21 0.12 1

5 PI1 406012 626 k 30 9.66 22 9.03 25 -2.24 7 -3.16 16
6 PI1401479 2376 be 5 4.13 6 -9.00 24 5.18 19 -0.84 4
7 PI 304442 2167 bed 7 -0.76 1 11_71 28 9.27 26 5.19 19
8 PI304441 2374 be 6 1.02 3 12.09 29 11.88 28 1.22 8

9 PI 544059 1534 e-i 17 5.84 10 0.74 1 0.64 1 -1.11 7

10 47 1174g-k 23 9.88 23 2.45 6 -2.83 11 -2.33 13
11 PI1 537618 1049 h-k 25 6.20 12 2.14 4 -3.80 13 2.92 15
12 PI 306599 3202 a 1 7.11 16 -8.80 23 5.05 18 -0.51 3

13 Disner 2107 b-e 8 5.35 7 -3.89 9 2.42 9 6.75 22
14 Sirin 2574 b 3 6.15 11 -6.63 18 5.71 22 -2.71 14
15 Goldasht 1634 d-h 13 5.79 9 -2.42 5 -1.53 4 -9.54 27
16 PI 239041 1422 £+ 21 7.03 15 -1.38 2 -3.91 14 10/30 28
17 PI 250533 1041 h-k 26 6.88 14 5.80 17 1.63 5 2.10 12
18 PI1 251268 1611 d-h 14 11.33 24 -6.86 19 -6.01 23 -9.20 26
19 PI 253515 1132 h-k 24 8.19 20 5.03 13 -1.46 3 -3.83 17

535 - § §
20 PI 253541 1821 c-f 11 20.78 29 9.52 26 3.09 12 12.01 30
5355 g - ) -

21 PI2 9 2600 b 2 30.38 30 25.19 30 16.14 30 1.01 5

22 PI 253895 958 jjk 27 3.51 5 7.84 20 -9.74 27 -1.03 6
23 PI 235658 1579 d-h 16 11_47 25 5.03 14 2.77 10 1.46 10
24 PI 262447 833 jk 29 6.27 13 4.72 11 -4.52 16 7.10 23
25 PI 613514 1516 e-i 19 14-66 26 10.58 27 7.45 25 1.35 9
26 PI 304439 942 ijk 28 5.69 8 4.97 12 16-00 29 5.80 20

Malkshan-e -

27 Dorosht 1774 c-g 12 19.23 28 7.90 21 5.32 20 1.71 11
28 PI1306974 1513 e-i 20 -8.87 21 4.70 10 1.87 6 0.35 2
29 PI 544052 1529 e-i 18 14-88 27 8.26 22 -4.82 17 11.41 29
30 PI- 306599 1604 d-h 15 -7.95 19 5.56 16 2.30 8 -8.75 25

1Y
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Table 3. Genotype yield means, AMMI values, Wricke ecovalence and genotypes
ranks based on parameters

< 55 Sk <, S Wy S, VS S LS
= Genotype Mean Rank ! Rank W2 Rank (202)
Code ASV, W2 (%)
1 Local Arak 1274 f5 2 52278 16 300708 13 175
2 411 2091 b-e 9 13.64 1 104952 2 0.61
3 Esfahan 24 1865 c-f 10 548.84 17 335964 14 1.96
4 Darab 7 2485 b 4 108.20 2 154657 4 0.90
5 PL 406012 626 k 30 976.26 23 625827 24 3.65
6 P1401479 2376 be 5 244.54 6 353364 15 2.06
7 PI304442 2167 bed 7 142.66 3 379093 18 221
8 P1304441 2374 be 6 156.14 4 447381 22 2.61
9 PI 544059 1534 e-i 17 327.56 9 66370 1 0.39
10 47 1174g-k 23 941.94 22 289600 12 1.69
11 PI 537618 1049 h-k 25 373.15 11 133932 3 0.78
12 P1306599 3202a 1 562.14 18 822411 25 4.79
13 Disner 2107 b-e 8 289.57 7 251330 9 1.46
14 Sirin 2574 b 3 406.60 13 374901 17 2.18
15 Goldasht 1634 d-h 13 327.29 8 188554 7 1.10
16 P1239041 1422 £ 21 475.76 14 251357 10 1.46
17 PI250533 1041 h-k 26 487.49 15 188032 6 1.10
18 PI251268 1611 d-h 14 1277.88 24 554895 23 3.23
19 PI253515 1132 hk 24 668.43 20 180423 5 1.05
20 PI253541 1821 c-f 11 4230.86 29 1555423 29 9.06
21 P1253559 2600 b 2 9483.84 30 4112302 30 23.9
22 P1253895 958 ijk 27 179.59 5 269001 11 1.57
23 P 235658 1579 d-h 16 1286.72 25 442920 21 2.58
24 P1262447 833 jk 29 399.22 12 209692 8 1.22
25 PI613514 1516 e-i 19 217257 26 1049772 27 6.12
26 P1304439 942 ijk 28 335.13 10 441718 20 2.57
g7 Malkshane 000 12 3608.03 28 1339187 28 7.80
Dorosht
28 P1306974 1513 e-i 20 776.45 21 364490 16 2.12
29 PI 544052 1529 e-i 18 2191.18 27 986590 26 5.75
30 PI-306599 1604 d-h 15 636.91 19 387263 19 2.26

11¢
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Table 4. Environments yield mean, interaction principal component axis, AMMI statistics,
Wricke ecovalence and environments rank based on parameters
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1 2012-13 2131 2 2548 4 0.06 1 7.68 2 3.97 2 622490 3 264201501
2 2012-13 1547 4 6.14 1 315 6 1935 5 1.86 1 135750 2 285168145
3 2013-14 1788 3 2869 5 12.62 4 -4.03 1 13.74 5 805140 5 306000501
4 2013-14 2248 1 -1042 2 348 2 10.48 3 2487 6 105315 1 293905566
5 2014-15 1364 5 33.43 6 453 3 21.14 6 10.95 4 107359 6 316519977
6 2014-15 1003 6  25.02 3 26.89 5 -1592 4 5.65 3 672524 4 275430898
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Table 5. Selection of four superior genotypes for each environment

(combination of year and location) by AMMI method
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Introduction: One of the greatest challenges encountered by plant breeders
is the existence of interaction effects between genotype (G) and environment
(E). Interpretation of the interaction, identification of target environments and
introduction of suitable genotypes with narrow and broad sense adaptability as
well as determining stable genotypes across different locations and years are of
the important goals pursued in the studies concerning genotype-environment
interaction. GE interaction phenomenon aids breeders in eliminating unnecessary
testing locations, which results in a major cost reduction (Kang and Magari, 1996).
Safflower (Carthamus tinctorius L.) is an annual plant that is adapted for growth
in hot and dry environments with a considerable drought resistance due to its deep
roots. Safflower has been used for many purposes such as, a dye, food coloring, a
medicinal, a vegetable side dish, hay and forage, birdseed, edible oil and both fresh-
cut and dried flowers. Genetic variation is the most important factor in successful
genotype selection and breeding programs. Therefore, evaluation of germplasm
collections is one of the most important methods to recognize suitable genotypes,
which can help breeders to release new varieties. Spatial variability is inherent in
all field experiments. The relative performance of lines varies with environment,
and this GxE interaction hampers selection of lines for cultivation over a wide
region. The additive main effects and multiplicative Interaction (AMMI) model is

Email address of the corresponding author: nematish@yahoo.com

25



«Applied Field Crops Research» Vol 29, No. 4, 2016

a multivariate statistical method that entirely justifies genotype and environment
main effects as well as multiplicative GXE interaction effects. This method provides
a clear interpretation of GXE interaction effect (Ebdon and Gauch, 2002). The
objectives of this study were to analyze genotype by environment (GE) interactions
on the seed yield of 30 safflower genotypes by AMMI model and to evaluate
genotype (G), environment (E) and genotype x environment (GE) interactions
using statistics parameter i.e. AMMI stability value (ASV) and ecovalence (W?).

Materials and Methods: Thirty safflower genotypes were evaluated over a three-
year period (2012-15) across two research stations in Iran. There were 6 growing
environments in total. The individual trials were conducted using a randomized
complete block design with 3 replications. The experiments were planted in early
autumn of each year. Each genotypes was sown in plots (9 m?) of 6 rows, 5-m long
with spacing of 30-cm between rows. Normal agronomic operations like weed and
pest control were done. Four rows of each plot were harvested leaving 50 cm on
both ends of the rows in order to exclude border effects. Simple analyses of variance
in all environments were done for seed yield, separately. Combined analysis of
variance was performed assuming genotype effect as fixed, environment effect as
random factor.

Results and Discussion: The results of combined analysis of variance
showed that there were highly significant differences (P<0.01) among genotypes,
environments and interaction effects for seed yield. The analysis of data from
safflower trials showed that 28.70% of the total sum of squares was attributable
to environmental effects, 55.91% to genotypic effects, and 15.39% to genotype
x environment interaction effects. Main effects due to environment, genotype,
and genotype x environment interactions as well as four first interaction principal
components (IPCA1-4) were found to be significant, indicating that the agro-
climatic environmental conditions were different, and that there was a differential
response of the genotypes to the environments. The first two I[PCA components
of the GE interaction explained 83.57% of the GE interaction. Estimates of six
genotypic parameters and their ranking for seed yields of safflower genotypes are
given in Tables 2 and 3. According to IPCA1, G7 and G2 had the lowest scores
and were the most stable genotypes whereas G21 and G20 with the highest scores
were found to be unstable. The lowest ASV was observed for G2 and G4 that were
the most stable genotypes whose mean yield was higher than the grand mean.
However, the highest ASV scores were achieved by G21, G20 and G27. AMMI
biplot was used to visualize mean seed yield performance and stability of safflower
genotypes. AMMI biplot was able to distinguish stable genotypes with broad
sense and narrow sense adaptation and environments with high and low genotype
discrimination ability. The genotypes 2 and 4 with higher seed yield than the total
mean were the most stable genotypes, while the genotypes 20 and 21 with the
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highest contribution to GE interaction were the most unstable genotypes. Wricke’s

ecovalence stability parameter (W?) showed that the genotypes G9, G2, G11 and

G4 were the most stable genotypes.

Conclusion: In this study, according to the AMMI model, the G2 and G4

were the genotypes that exhibited the best adaptation and superiority in the all

environments. These two genotypes with no thorns and red flowers were also

determined as the most stable among the tested genotypes based on Wricke’s
ecovalence analysis. Moreover, AMMI biplot demonstrated that G2 (genotype

411), which produced yields greater than the grand mean, can be considered

stable with the ability to produce sufficient yields.
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