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Evaluation of genotype x environment interaction on yield and oil content of rainfed
safflower genotypes by regression and GGE Biplot
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ABSTRACT

To analyze genotype x environment interactions (GEI) on yield and seed oil content of 15 safflower genotypes
(including 8 breeding lines, 6 cultivars and one landrace), multi-environment trials were conducted in three sowing
times (fall, entezari and spring) at four dryland agricultural research stations including Kermanshah, Maragheh,
Kurdistan and Zanjan (totally 21 environments) during 2011-2013. The two models combined index (regression
analysis + yield) and GGE biplot were used for stability analysis. The combined ANOVA revealed that genotype,
environment, and GEI were highly significant for the two traits (P < 0.01). The sum of squares of genotype,
environment, and GEI were accounted 5, 62 and 24% for yield, and 25, 45 and 22% for oil content.The result of
regression analysis indicated that the regression components were significant in both traits. According to combined
index, G5, G1, and G6 for yield, and G5, G3 and G4 for oil content were superior genotypes. The polygon view of
the GGE biplot showed that all test environments were divided into 3 environmental groups for both traits. Two
environments of Maragheh for yield and six environments of Kurdistan for oil content were favorable. Based on
GGE biplot, G10 and G5 for yield and G11, G4 and G5 for oil content had a high combination of yield (or oil
content) and stability. High rank correlation coefficients were obtained between regression and GGE biplot models
in both traits. Based on the results of two models, G5 (Padideh) is superior in terms of yield and oil content and is
recommended for all rainfed environments.

Keywords: Cold regions, (G + G x E) biplot, regression analysis, safflower, stability.
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Table 1- Name, code and some characters of genotypes and environments studied

Variety/Line Ge(r:motypic Origin Plant  TKW Location Year Environment.-al Co?le _Annual
ode Type  (9) Fall Entezari Spring Rainfall (mm)

P1 198990 Gl Unknown SP,Y 324  sararood, 2010 E1 E2 E3 302.7
P1 401478 G2 Bangladesh SP,R 32.8 Kermanshah 2011 E13 E14 E15 394.9
P1304408 G3 Pakistan  SP,O0 32.1
324-56-697 G4 Iran SP,O 334 2010 E4 E5 E6 272.0
Padedeh G5 Iran SP,O 335 Marageh 2011 E16 E17 E18 351.8
CW-74 G6 USA SP,O 331
Zarghan279 G7 Iran SP,R 329  Qamloo, 2010 E7 ES8 E9 313.8
Sina G8 Iran SP,Y 308 Kurdestan 2011 E19 E20 E21 256.1
P1544017 G9 China SPL,R 374
Faraman G10 Iran SPL,R 47.6 Khodabandeh, 2010 E10 EI11 E12 499.3
Isfahan Local Gl1 Iran SPL,R 28.4 Zanjan
47 G12 Iran SPL,R 42.4

Darab2 G13 Iran SPL,Y 36.6
Goldasht Gl4 Iran SPL,R 39.8

Darab7 G15 Iran SPL,R 437

Spinning: SP spine, SPL spineless; Flower color: Y yellow, R red, O orange; TKW: thousand kernel weight
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Table 2 -The combined ANOVA on seed yield and oil content of safflower genotypes for three sowing times and

throughout 21 environments during two seasons 2011-2013

Seed yield Seed oil content
.0V f MS % of total MS % of total
Fall sowing (FS) 6 289799* 10.2 82.8* 36.5
Genotype (G) 14 224641 18.4 32.3* 33.3
G xFS 84 114671 56.4 3.4 211
Entezari sowing (ES) 6 1790847 55.1 126.5* 40.7
G 14 97213** 7.0 30.1* 22.6
G xES 84 54528* 235 6.1 27.3
Spring sowing (SS) 6 5144708 82.2 162.5* 51.2
G 14 76126 2.8 36.9* 27.1
G x SS 84 44296 9.9 3.3" 14.5
Environment (E) 20 2554256** 62.4 117.6™ 44.8
Rep./E 42 28532 15 2.1 17
G 14 285875* 4.9 93.9" 25.0
GxE 280 69654 23.8 4.1 21.9
Regression model
Environment (Lin.) 1 17058796™ 713.8™
G x E (Lin.) 14 31591 3.20™
Pooled deviation 285 21327 1.38*
Pooled error 588 10330 7.4 0.59 6.6
C.V. (%) 17.87 2.54
Bartlet’s test $?=26.45" x?=21.46"

*, ** significant at 5 and 1% level of probability, respectively
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Table 3-The mean, regression parameters (b and S?d) and regression index - yield (or oil content (SFI) of 15
safflower genotypes grown in 21 rainfed environments

Genotype Code Yield (kg/ha) b S2d SFI Oil (%) b S2d SFI

P1 198990 Gl 612.473bc 0.99 8196** 0.48 30.80°¢ 1.10 1.0* 0.59
P1401478 G2 571.122d 0.77 19424* 0.01 31.04b¢ 0.81 3.6™ 0.22
P1 304408 G3 513.90°f 0.96 10354** -0.54 31.21P¢ 0.96 0.2™ 2.21
324-S6-697 G4 560.80%¢ 1.04 8866** -0.09 31.200¢ 0.87 0.4** 143
Padedeh G5 653.11° 112 14480* 0.68 31.65% 0.98 0.1m™ 4.44
CW-74 G6 664.242 1.33* 38375* 0.45 31.40abc 0.87 1.9* 0.85
Zarghan279 G7 447.22" 0.89 12416™ -1.07 29.02%  0.29*  0.5* -0.87
Sina G8 611.592¢ 1.04 19792* 0.30 30.89%¢ 111 0.3™ 1.19
Pl 544017 G9 460.40¢f 0.70* 6619* -1.01 28.80¢ 0.59* 2.1* -0.86
Faraman G10 630.662 1.18 21308** 0.41 28.78¢ 0.98 1.6™ -1.12
Isfahan Local Gl1 523.700-f 1.14 32312* -0.25 32.042 1.01 0.9* 1.99
a7 G12 605.42&4d 1.07 7866** 0.40 28.95% 0.77 0.8 -1.32
Darab2 G13 615.44abc 1.06 28664** 0.27 29.724 1.17 1.3* -0.41
Goldasht Gl4 501.920f 0.80 18960** -0.46 28.758 1.27 2.2%* -0.94
Darab7 G15 565.682¢ 0.93 20621** -0.02 29.12% 1.30 0.7** -1.11
Fall Sowing 666.50% 30.347

Entezari Sowing 591.52A8 29.74A

Spring Sowing 448.438 30.594

doy0 ) 50 Jizl olaw o )l e ool 5 4 ¥

*, and " indicate significance at the 5% and 1% levels, respectively

*
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environments (E1-E21) for seed yield (A) and oil content (B)
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Fig 3— GGE biplot showing "the mean yield and stability performance" of 15 safflower genotypes (G1-G15) for seed
yield (A) and oil content (B) in 21 rainfed environments (E1-E21)



15 957 gl sr Dgmie SO LS s oo sla
g0 bl 5l lacssiy (nyiylabl 5 oo 5 gamme
Soges g,y 3l esliul b andos j0 .08 )5 18 cas
S iy VW ddanmo x i + o)) S
G5 g g b bl po Sladied oSl il gl
Pourdad & Jamshid) oo  obj)l  sosb,
s lodi> Jlsges ow, » (Moghaddam, 2013
odd S banze oz g Fp ey GRS (plulid &
paie Shp bae ja 0 cele slacs
b locaish o Sles 5 (golnly lojed (g 0,5
aS ol lis lawgie Jaxe Slaitee loged )l oolaiwl
shls oby o,Slee L Sina 4 Gila Hartman )|
Hartman 3, g 5 syt o Sbes s)luby
oren o Jlonl cigs a4 68y sy
Ll )3 995w 5 SdangS glol (s sl laone
5352 5 s o5 bl S1ls g 5 g
Sl slaoylol (Smon

Sl g ails o Slas Slas ad; (Ssed oo
s g )T, luly leojlel Loals g,
2 Bolsll (gonas)) (gamgd yloges Joo 51 GGED
oad &I F Jaao jo ((Jlows! cuigis 5l alald el
b s )S) copd (Smer Jgoz 4 4y b ol
a5 0l b gire oy ) iz mhaw (o ails o Sles
Yo 5,Slas b glaiasiss fomlio LiSly saiaslis
Sl (St 58 g 09 sllae glalaima o
Oy Ol 5 s 0 Shos b g 5 Sl (e
S ool yp s Bl gl iy o3l 395 s
a8 aalss Ll 6l b slocasss ol 4 o
ab oSlee L S gl Sess o
L «(Mohammadi & Amri, 2013; Flores et al., 1998)
»lo o (Yueetal, 1990) |l gxo 5 stio (Swmod
aly o Slee ailer w00l 51T 55 SV same
G, (a3ls 5 SFD o Shee - (gen 3, (a5 ld
celae 3 b sylil - 9 Shee Bl Sl lacussss
oy b 5 Cute (Siwwea (GGED)
S calpo VL sl Glas g S
L als o,Shae b oyl ol oo ol 1, r2+/30)

ol po Lho g0 2 00 5 ol jo il b8y Gliee

@resy 5 5l 5l i 0 )Slae LA Il
0, Slos wiyls 18 wls g0 bad (> Caws 0 oS
L) GI1 g caals o Sile 5l g8
SINbL g 5eSilee Sl 72eS 8 Shee shilo 55 (Olede
Sloaiess ils o) Soime 1 T-B USS 5o 09
bwgio sl s (90 slacess 952 G5 3 GLL
yee 5l alold p eS) (g luly o iy ol I3
ol 4 osnline G1 5 G3 G4 sl iy o (AEC
ey il Sk 5l YL o Shes lacal sl
28,518 sy Ikl 552 G6 (5,
Skl cuigi) wlwl » bowishl b))

s ol ol e Jlenl ey
S S R 9 g se i i (n S same
Wil adls (b ey al 4 ) abols 0 5S0
T S R S L e
WJlos! gy 5l eolial L .(Yan & Kang, 2003)
bl Sl samgd Hlaged )3 635 e slaopls
iy Lot addlle lacis) G alols oS
D9l oo sbwl (GGED, GGE distance) < gllas
5 (5895 olee 1) 9,8Les 5l g bxe GGED asls
il o Slae gy F-A ISS 0 a6yl
hls (s 08,) G5 5 (QLol# 05)) G0 (slaciyss
4l gaas; o Vb sk g o Shee (S5l
3 ole cuigay GGED  asls lp bewiss)
G10>G5>G12>G1>G6>G13>G8>G4=G2=G15
B USE )0 oeizmen 09 >G11>G3>G9=G14>G7
o) G slacadss il (g, Glie ln ¥
4 G5 5 G4 slacaisy om ad; o 5 (Qlasl
315 r Slacde) 9y g Nog S5 llas cois)
i yay GGED azls ulul p bacoigs (gamas,
SIS
G11>G4=G5>G3>G1>G8>G6>G2>G13>G15>
S ¥ UKl @ azgi b g G12>G7>G9>G14 =G10
OB 9 ot yd ilo 08)) G10 Jlwly g Jpamey o3, ¥
sl B s, e sl g e, B
9 957 4SSl (b oS BT 13, (eizren



e S35 slacaigl o) eiome 50 Shes e X iy Blie 1 oLl ol e g pakeaides AP

S g 0l il 8 Lozl ) b - cadgiy S
ol o Bl omieSS asly l ) Saske
x iy Jmlite 51 ) Baa L aST aolajl
Joine 5 9 3lolie 3 SIS slacipss 5 Lana
Lo 5 g (ol slaele b plol o oo
oo Caio 53 (gly ame x gy Jolite ;51
b oo g o Sog o ome ails (584 Hlade 50 Slee

2,5 sloul Cas g ol o 1) Ol o X

GGED 4 SFI asls o oYU e Son
Al oadlie (¢/AY 4 +/AF Lo g )

Sl lacassy @laled o Jae 95 ool calplo
Ol pae Do 53 5 dioges Jos i and Lyi
51 ooliztul 5l &5l GOE f3ila s 4y cusyiasd
G308 8kes 5 (g S Joo ply (et
P SuBls aalyS 2929 b g Jyaen slaces)
(e X i35+ raish§) Sihmigs Jga3 Joo &S iz

a5 Bise laaczr 9550 0 1) ey Sledl]

PC1 =28.8%, PC2 = 22.9%, Sum = 51.7%
Transform =0, Scaling = 0, Centering=2,SVP =1

PC1 = 55.8%, PC2 =A2.3%, Sum = 68.1%
Transform =0, Scaling = 0, Centering=2,SVP =1 B

G2

E

L
A G15 E e
G9 G8 & ¢

¢ E E
c o e S S S
2 2 £
“[[[ 3
E G11
G12
X G6
1 E
PC1 PC1

Ranking entries based on both mean and stability

Ranking entries based on both mean and stability

5 (B) &ls gy e 5 (A) &ils 3, Shas sl "sllas it 5l boaiss alold” ey sl GBE (slo )55 islo -F IS5
0 Lama YV 3 ous by, (GL-G15) (K5 J5 Cosgig 10 Ll

Fig 4- GGE biplot showing "comparison of 15 safflower genotypes (G1-G15) with an ideal genotype" for seed yield
(A) and oil content (B) in 21 rainfed environments
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Table 4 -Rank correlation coefficients between mean seed yield (or oil content) and stability parameters

in safflower genotypes

Trait Stability parameters Mean B S2d SFI
b 0.73* 1
2 o _ *
Seed yield S 0.43 0.52 1
SFI 0.95* 0.65* -0.23 1
GGED 0.91* 0.72* -0.15 0.94*
b 0.02 1
il content S 049 0.04 L
SFI 0.90* 0.01 0.48 1
GGED 0.94* 0.08 0.54* 0.89*

*:

aey0 ) 50 Jizl zolaw (o o gme o 5 4 *F g *

*, " indicate significance at the 5% and 1% levels, respectively.
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