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Selection of oil seed sunflower (Helianthus annuus L.) genotypes for seed yield
and yield stability using multi-trait stability index (MTSI)
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Selection of oil seed sunflower (Helianthus annuus L.) genotypes for seed yield
and yield stability using multi-trait stability index (MTSI)

Akbari, N*. and Darvishzadeh, R.2
ABSTRACT

Akbari, N. and Darvishzadeh, R. 2025. Selection of oilseed sunflower (Helianthus annuus L.) genotypes for seed yield and yield
stability using multi-trait stability index (MTSI). Iranian Journal of Crop Sciences. 26(1): 352-368. (In Persian).

Introduction: Success in selecting and introducing genotypes with high yield and stabity is is very important in
crop improvement programs, given that their susceptibility to environmental factors and genotype x environment
interactions complicates decicon making for crop breeders. Drought stress is one of the important environmental
factors affecting yield and drought tolerance is an important traits for crop breeders (Yasar et al., 2023). The aim
of this experiment was to identify superior oilseed sunflower genotypes with high seed yield and stability using
the multi-trait stability index.

Materials and Methods: In this experiment, 100 oilseed sunflower genotypes were evaluated for 13 agro-
morphological traits including; seed yield and seed oil content using simple 10x10 lattice design under two of
full irrigation and drought stress conditions in 2013 and 2014 in the village of Qezaljeh, Salmas County, Iran.
Results: Results of combined analysis of variance showed that the effects of genotype and genotype x
environment interaction were significant. Therefore, the multi-trait stability index (MTSI) was used to select
genotypes with high seed yield and stability. Four factors with eigenvalues greater than one explained 66.2% of
the total variation. The MTSI differential selection index presented a success rate of 84.61%. Fifteen genotypes
with means higher than the population mean in all traits were selected as genotypes with stability for those traits.
The lowest selection differential for the WAASBY index (0.0377%) was observed in seed oil content and the
highest index (22.1%) was observed in leaf width. Genotype 8 (254-ENSAT) showed the lowest MTSI index
with the highest mean in seven traits: leaf length, petiole length, seed yield, number of days to flowering, number
of days to maturity, plant height, and number of leaves, and was therefore identified as the genotype with high
stabilty for these traits.

Conclusion: The MTSI index, which uses the advantages of both the Bluop and AMMI methods, is a more
efficient index in identifying superior genotypes and developing genotypes with high yield and stability as well
as drought tolerant cultivars by using both factor analysis methods and the weighted average of absolute best
unbiased linear prediction scores (WAASBY).
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Table 1. Identification code and origin of oilseed sunflower genotypes used in the experiment

Nty 0ls KT slas 55 clize ity Ols ST s g5 clice
Code Sunflower genotypes Origin Code Sunflower genotypes Origin
1 H100A/83HR4 France, ASGROW 51 H250A/83HR4 France, ASGROW
2 H209A/LC1064 France, ASGROW 52 RHA265 U.S.A, USDA
3 H205A/H543R France, ASGROW 53 PM1-3 U.S.A, USDA
4 AS5306 France, ENSAT 54 RT948 France, RUSTICA
5 RHA858 U.S.A, USDA 55 283-ENSAT -
6 H209A/83HR4 France, ASGROW 56 QHP-1 France, INRAMONT
7 AS3211 France, ENSAT 57 SDR19 U.S.A, USDA
8 254-ENSAT France, ENSAT 58 HA337B U.S.A, USDA
9 AS5304 France, ASGROW 59 H100B France, ASGROW
10 1009329.2(100K) France, ENSAT 60 B454/03 Hungary
11 270-ENSAT France, ENSAT 61 HA304 U.S.A, USDA
12 AS613 France, ASGROW 62 RT931 France, RUSTICA
13 A-FLPOPA France, NOVARTIS 63 HA335B U.S.A, USDA
14 OES France, INRAMONT 64 NS_B5 France, NOVARTIS
15 H100A/LC1064 France, ASGROW 65 SDB3 U.S.A, USDA
16 RHA266 U.S.A, USDA 66 LC1064C France, ASGROW
17 PAC2 France, ENSAT 67 NS-R5 France, NOVARTIS
18 H157/LC1064 France, ASGROW 68 DM-2 U.S.A, USDA
19 5DES20QR France, BRN 69 H156A/RHA274 France, ASGROW
20 15038 France, ENSAT 70 SDB1 U.S.A, USDA
21 1009337(100K) France, ENSAT 71 HAR-4 U.S.A, USDA
22 AS3232 France, ASGROW 72 AS5305 France, ASGROW
23 12AASB3 France, ASGROW 73 RHA274 U.S.A, USDA
24 8ASB2 France, ASGROW 74 H158A/H543R France, ASGROW
25 9CSA3 France, Caussade semences 75 H100A/RHA274 France, ASGROW
26 HO049+FSB France 76 H209A/H566R France, ASGROW
27 SSD-580 France, ASGROW 77 ASO-1-POP-A France, ENSAT
28 5AS-F1/A2*R5AS-29- F1/A2*R2  France, ASGROW 78 AS6305 France, ENSAT
29 7CR1=PRH6 France, C.F 79 B-FIPOPB France, NOVARTIS
30 ENSAT699 France, ENSAT 80 D34 U.S.A, USDA
31 SSD-581 France, ASGROW 81 CAY France, ENSAT
32 TMB-51 France, INRAMONT 82 346 Iran, SPII
33 11*12 Iran, SPII 83 NS-F1-As*Rs France, NOVARTIS
34 110 Iran, SPII 84 36 Iran, SPII
35 H603R France, INRAMONT 85 38 Iran, SPII
36 4 Iran, SPII 86 SDB2 France, INRAMONT
37 703-CHLORINA France, ENSAT 87 H158A/LC1064 -
38 NSF-As*Rs France, NOVARTIS 88 H156A/H543R France, ASGROW
39 28 Iran, SPII 89 H543R/H543R France, ASGROW
40 30 Iran, SPII 920 H543R France
41 F1250/03 Hungary 91 SF076 France, ENSAT
42 SDR18 U.S.A, USDA 92 B-FIPOPB
43 LP-SCYB France, ENSAT 93 SF085 France, ENSAT
44 803-1 Serbia, IFVC 94 SF092 -
45 1009370-1(100K) France, ENSAT 95 A-CONTROLPLASTIPIC -
46 CSWW2s France, Caussade semences 96 59-1 Iran, SPII
47 1009370-3(100K) France, ENSAT 97 H-100A-90RL8
48 H158A/H543R France, ASGROW 98 SF109 France, ENSAT
49 H100A France, ASGROW 99 SF105 France, ENSAT
50 15031 France, ASGROW 100 SF-023 -
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Table 2. Maximum and minimum amounts of plant traits of sunflower genotypes

Plant traits

Jslae SN

€ clie  Minimum  Maximum

Leaf length (cm)
Leaf width (cm)
Petiole length (cm)
No. of leaves

Stem diameter (cm)
Head diameter (cm)
Plant height (cm)
SPAD value

Days to flowering
Days to maturity

Seed oil content (%)
Seed yield (g)

&0k 9473 18.556
&, 5 8046 17.253
& a5 db 5137 10.367
sl 9.400 24,567

sl s 3.108 5.754
sb ks 7.180 14.733

spp,l  68.826 121.76

S 5,

31.985 46.413
61.015 79.045

Sa, b5, 89.062 121
Relative water content (%) s o7 ¢lse 48317 77.737

als o9, Sl goe

&l .sjgl...a 8.796

36.824 52.900
43.198
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Table 3. Estimation of genetic parameters of plant traits of sunflower genotypes using restricted maximum likelihood (REML) method

S gl Kol S, ELpesdsb bl o
Plantheight <& ,sls  Leaf length Leaf width Petiole length Stem diameter K 5 jasls
Resources e (cm)  No.ofleaves  (cm) (cm) (cm) (cm) SPAD value
Phenotypic variance Sgd bty 472 25.10 12.5 411 6.75 141 30
Broad-sense heritability e Gphiihs 022 0.16 0.17 0.14 0.09 0.13 0.18
Coefficient of explanation of the effect of environment on genotype S b jli s 020 0.22 0.18 0.20 0.21 0.20 0
Heritability based on the average genotype s oSobe al s pdhaiy,  0.80 0.69 0.74 0.66 0.64 0.67 0.66
Accuracy css o 0.89 0.83 0.86 0.81 0.80 0.82 0.81
[ 0.33 0.29 0.26 0.26 0.27 0.26 0
Genotypic coefficient of variation s s e 9.86 11.90 9.70  10.90 9.58 9.66 5.83
Coefficient of variation of residual values obladl polis ks o 10 16.70 1260 17 15.50 14.80 11.90
Ratio of genotypic coefficient of variation to coefficient of
variation of residual values aliledl yolie Sl ki o b o5 D oo s 0.98 0.71 0.77 0.64 0.62 0.65 0.49
aels! =¥ J g
Table 3. Continued
b s oo T (Sl gme als oy Glge als s Slee
A6 5, Sy 6355 Head diameter ~ Relative water ~ Seed oil content ~ Seed yield
Resources e Days to flowering  Days to maturity (cm) content (%) (%) (9)
Phenotypic variance s sd il 36.3 40.9 12.8 158 17.8 668
Broad-sense heritability 3 STl 0.21 0.32 0.10 0.02 0.68 0.10
Environmental coefficient of variation in genotype 555 laoms s o 0.04 0.09 0.53 0.06 0.16 0.12
Heritability based on the genotypic mean 55 Sobe by 5l 0.79 0.82 0.48 0.20 0.95 0.56
Precision o 0.89 0.90 0.70 0.45 0.97 0.75
rge 0.06 0.14 0.63 0.06 0.80 0.14
Genotypic coefficient of variation TR S - 3.78 343 9.42 2.62 7.48 25.60
Coefficient of variation of residuals adiladly alie Sl o 5.13 401 13.10 13.90 1.68 55.60
Ratio of genotypic coefficient of variation to coefficient
ool yslie S g 5 4 o555 D S g e 0.74 0.86 0.72 0.19 445 0.46

of variation of residuals
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O S MTSI glacs o 51 (S5 .55 Vb 5 S
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Slslag (suos 8 55 il g 4l 15l 514 o
Sledbl Jlie (gl 3 b oo o3l asllas 540
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Aal g YU Hles Ol Olekily 5 S35 opl oLy g0l
0L (als ag 2 = (Olivoto et al., 2019D) 5 5,
Se 18PV )y Slio ST 280 Ol ke &S 51

(F Jsu2)

sl o5 S Lds e S 5 Sope 403 S Ll
B (= ARV b s o(—+/A¥) &S 5 e fels
6§ 1 b o= VAP aSls 5, Shes o=+ /AY) Sl
Jels 33035 (=1 /9V1) &8 s sb 5 (=2 /VOA)
S VAP 2a I U Sy = IAVY) S S,
Jels p s 05,8 0 19¥9) &8 1 i OT (ol s
X e et Ls (V) S 53 S sl
Jols osler 05,5 5 (V/OAF) & 4 gl 5 (/7Y9)
S as S ass gy (-0 /ARQ) s b gy (gl gt
s s el 6lyls e sl s Sliw
U 5oy Jols o558 sl Siis b a0 Slis

3 P LT laoles s 0l KT slacs 55 53 Jsl Jole Hlez 58 53 Cis a1 5 ST 281 Ol jae —F J gl

Table 4. Degree of communality and effect of each trait in each of the first four factors in sunflower genotypes

under full irrigation and drought stress treatments

Loading factor s L

obly SR sl e pps e s file il il

Plant traits A Sl Variance Communality FAl FA2 FA3 FA4
Leaf length (cm) &£,de 0243 0.757 -0.758 -0.356 0.0723  -0.225
Leaf width (cm) &£, 0243 0.757 -0.839 -0.163 0.155 -0.0482
Petiole length (cm) & esdsb 0459 0.541 -0.671 -0.245  -0.154 -0.0856
No. of leaves & s 0393 0.607 -0.0638  -0.109 0.732 -0.236
Stem diameter (cm) sl ks 0.299 0.701 -0.807 0.0066  0.223 -0.00342
Head Diameter (cm) sb s 0275 0.725 -0.837 0151  -0.0043  0.0456
Plant height (cm) sypps,l 0431 0.569 -0.362 -0.22 0.584 -0.221
SPAD value &, K 0566 0.434 0.00434  0.0297 0.626 0.203
Days to flowering s, 0238 0.762 -0.122 -0.794 0.319 0.125
Days to maturity Sy, 0281 0.719 -0.0196  -0.812 0.183 0.157
Relative water content (%) T glgme 0493 0.507 -0.0205 0.632 0.264 0.194
Seed oil content (%) als ks glgme 0175 0.825 -0.0513 0.0917 0.0741 -0.899
Seed yield (g) ass Se  0.296 0.704 -0.794 0.224 0.136 0.0668
Eigen values o5 polie 422 2.02 131 1.05
Percentage of explained variance o a5 il yls o ys 324 156 10.1 8.11
Cumulative percentage of explained variance i as g uibyls reas doys 324 48 58.1 66.2

55 YA glosl 5.0 Jsdm) b ol i
L Jgmame y slac 55 2 S ) shie 4 0l ST
Mol G5 St VLD b e 895 Sl s
GMU-481 (EC-601901 (LTRR-341 GMU-494
WAASB 55l slls S GMU-934 5 GMU-249

Yo

Sl Jedl 5 e o ;ST (oo (pl 5

a>L5) (z 5 /YY) WAASBY eoxLi (¢l
alllan 5 g0 poiie oysllae 5 ()l odias Ol &S
OT Slcde o s 5 413 B35 (S gme 1 (ABL o0
00/ S o Sila b S s 5,8 6,5 (Ao YY)
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el il by S smmn 5 (S deny U sl s,y
ol ;5 MTSI 2L (Dudhe et al., 2023)
231y Ao s AF/PY ST e Sl b L olsel
Oz 1y 2Lyl 3y e Cio W 31 i VY 20 S
u..._.‘.}'__;T‘_;\jbujcub SF9 Slgmes L 93 01y
o laels DLl il s shls a5
55—+ /V2V 5=+ /YF)

=t e

H T

Sl Gl o Ao 3 = /O s Sl (¢l
S als s Slee Sdo gl deo s YA B &ls o5,
Slalese j3a S du) o bias Wl ol
s 3, Shes S 3 Lacs 55 o 2oyl 3
.MIAJR)QL&J{LAQC&J&YQC)_‘J
5 i 55 SLa Sy 0dias DL £ b go ]
ais 55 585 olulid gl opl plo dil oo Jaous
el Cmonl Sl Slao (6 du il 9 Ol s 4y 4 5
.(Olivoto et al., 2019a; Benakanahalli et al., 2021)
Ao ys op i (Dudhe et al., 2023) O, s 50343
O 5 0l 3, Shee Slis gl 1y i 8 Jemsl s

LS iy E sy e

DMl 5 dgmamme  (Sla 35 Olsie 0 cdis g (6 S
Sl gy (Sl gn (6l pcalin Hsb 4 LUs all
CVE) 0T Jsas 5 o 5 old— L GMU-494 (+/1Y)
GMU-481 (+/¥4) 4 EC-601901 (+/Y:) (IB-228
C—is 4 4> ¢ L .(Dudhe et al., 2023) Lds 5 2e
&2 WAASBY axli gl p Ol Joudl ja3 05 5
L slas 55 28 6l (oo cml elins &S
VU o0 s o llan s 95 a0 605 Slis
03 3 it 1 sgplie la i)l S . mul T8
axdllas 35 g0 Slis (5l WAASBY bl w3
(Koundiny et 3,05 3 55 <33 5 &S S dlslulS 5s
al., 2021; Memon et al., 2023; Subramani et al.,
i3 Ol KT (555 SoleiT &K s 2024)
sl 3, Shas Sliw (gl St WAASBY lsus]
SLaSss Sl e 5 (AUS Lo )30 b slajs,
A lgbl 5 3,158 wls e, g 5 (Sdes b
odas QLS codd 5L Olaw WAASBY 05 ¢ Cuia ny
2o Olses 1 8 s MTSI jasls 41

sls s, Shas 6L 53, Shas 5L oLl
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S A

Table 5. Differential selection of WAASBY index for plant traits of sunflower genotypes under full irrigation

and drought stress treatments

F oSt st i F G ol i F Jeilds e F Jedlbs doss
Jele Total Mean of selected Selection Selection
Plant traits A Sl Factor mean genotypes differential differential (%)

Leaf length (cm) &, Jst 495 60.1 10.6 214
Leaf width (cm) &£, e Js!l 55.6 67.9 12.3 221
Petiole length (cm) & s b Js 46.6 53.8 7.18 15.4
Stem diameter (cm) il 3 Jsl 45.7 54.7 8.99 19.7
Head diameter (cm) b ks Jsl 57.1 68.8 11.7 20.5
Seed yield (g) als s Slas Jsl 52.1 62.6 10.5 20.2
Days to flowering A s, £ 59.8 65.9 6.12 10.2
Days to maturity EEW R £ 47.1 52 4.84 10.3
Relative water content (%) e T (gl g £33 56.7 57.7 1 1.76
Plant height (cm) Gy plisl ¢s»  5l5 62.3 10.8 20.9
No. of leaves CARETY pse 608 68.5 7.64 12.6
SPAD value &, Ko ¢sr 528 64.2 11.4 21.7
Seed oil content (%) Gls by gl e olex 66.6 66.6 0.0251 0.0377
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Table 6. Descriptive statistics of components of 4 factors with eigenvalues greater than one with MTSI stability index in sunflower genotypes under full

irrigation and drought stress treatments

BRSNS i i F sled 55 Sl 2 o > PR Jeedl o> Aoy Skl

Plant traits 28 Sl Factor Total mean Mean of selected genotypes  Selection differential  Selection differential (%)  Heritability
Leaf length (cm) &, dsb Js) 15.2 16.5 1.27 8.32 0.735
Leaf width (cm) g Jsl 12.9 14.5 1.65 12.8 0.660
Petiole length (cm) s I b Jsl 7.96 8.70 0.737 9.25 0.638
Stem diameter (cm) Bl ks Js 4.45 4.98 0.531 11.9 0.668
Head diameter (cm) Gab ks Js 11.9 13.3 1.34 11.3 0.483
Seed yield (g) 4l 5 Sles Js 31.7 40.7 8.98 28.3 0.560
Days to flowering AU 5, £33 72.1 74.1 1.98 2.74 0.793
Days to maturity Sy b 3, P35 105 107 2.38 2.27 0.816
Relative water content (%) o T gl g £33 66.8 66.7 -0.107 -0.160 0.201
Plant height (cm) & 5l p o 104 115 10.5 10.1 0.797
No. of leaves &£ sl Py 16.5 17.9 1.35 8.15 0.690
SPAD value & Ko s p o 39.4 41.1 1.71 4.33 0.659
Seed oil content (%) Gls by &l g el 46.5 46.3 -0.241 -0.518 0.945
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Fig. 1. Ranking of sunflower genotypes and selected genotypes based on multi-trait stability index

(MTSI) under full irrigation and drought stress treatments
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Table 7. Selected genotypes based on multi-trait stability index (MTSI) and mean effect of each trait in selected sunflower genotypes under normal irrigation and drought

stress treatments

0l ST oo (slas 55 <l e, Gl sl arsSee Gl ks bl s Epesdsh S, e Sl
Selected sunflower <&, K.;.. Seedoil content & ..l Plantheight .o oT Sty b3, AU, Seed yield Head diameter Stem diameter Petiole length Leaf width Leaf length

genotypes SPAD value (%) No. of leaves  (cm) RWC (%) Days to maturity Days to flowering (9) (cm) (cm) (cm) (cm) (cm)

5 38.3 47.1 18.6 117.4 65.7 104.4 71.5 43.2 15.9 4.9 7.8 134 16.3

8 43.4 475 23.7 134.7 65.6 126.9 80.9 61.0 15.0 5.8 11.3 17.1 20.2
13 38.7 49.5 19.0 120.1 62.7 106.8 75.2 30.3 12.3 4.8 8.1 15.2 17.6
22 40.0 495 18.1 105.6 64.3 107.0 73.9 48.4 147 6.7 8.5 15.7 17.7
26 40.9 48.8 19.3 116.5 65.4 110.4 75.7 45.9 14.3 54 8.8 151 17.6
30 41.0 49.9 17.8 118.4 71.0 106.6 735 39.1 12.6 4.7 7.4 13.8 15.9
47 38.9 41.7 20.5 117.9 67.1 105.4 72.7 21.7 10.2 51 7.2 17.6 17.6
49 40.6 45.9 19.7 114.1 68.3 104.7 721 51.5 12.7 54 10.0 145 16.9
57 39.6 43.0 16.9 125.6 65.7 107.2 74.5 57.1 141 51 8.4 14.4 16.6
58 36.7 424 16.7 108.7 74.5 109.4 76.8 39.3 12.8 4.9 8.7 41.2 15.2
67 38.3 41.9 15.2 109.3 64.2 104.4 71.4 44.2 12.3 5.3 10.6 16.9 17.8
68 42.8 46.7 15.8 104.4 65.8 103.7 70.7 47.0 13.2 4.7 8.7 13.0 15.2
81 43.0 45.2 18.4 114.2 61.4 111.1 77.8 26.9 12.8 4.8 8.1 125 15.6
91 37.0 52.4 15.8 98.6 71.9 107.2 74.4 375 13.5 4.4 9.0 135 14.6
94 46.2 44.4 15.6 117.6 66.1 113.0 77.4 44.3 11.9 4.5 8.0 15.0 15.2
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