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Abstract

Introduction

The multigenic and environmentally sensitive nature of drought tolerance presents significant
challenges for the selection and breeding of superior genotypes in oilseed sunflower. Effective
evaluation of drought tolerance relies on the simultaneous assessment of multiple traits across
various environments, necessitating robust multi-trait selection methods.

Materials and Methods

The study evaluated 100 oilseed sunflower genotypes for 13 agronomic and physiological traits
under both normal and limited irrigation (drought stress) conditions, employing a simple 10x10
lattice design during the 2013 and 2014 growing seasons in Qezeljeh village, Salmas. Drought
stress was imposed at the 8-leaf stage using a class A evaporation pan: plots received irrigation
after 90 mm (normal) or 10 mm (drought) of evaporation. The measured traits included plant
height (cm), leaf length (cm), leaf width (cm), petiole length (cm), stem diameter (cm), head
diameter (cm), number of leaves, greenness index (SPAD), days to flowering, days to maturity,
relative water content, seed oil content, and seed yield per plant. The multi-trait genotype-
ideotype distance index (MGIDI) was employed for selection, and data were analyzed using the
metan package in R.

Results and Discussion
Multivariate analysis of variance revealed significant effects of environment, genotype and their
interaction under both irrigation regimes, indicating broad genetic diversity. Factor analysis
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identified five principal factors (eigenvalues >1) under normal conditions, and four under
drought, explaining 75% and 69.1% of total trait variation, respectively.

Under normal irrigation, the first factor (eigenvalue: 4.8) included leaf length, leaf width, petiole
length, stem diameter, head diameter and seed yield. Subsequent factors were associated with
relative water content, flowering and maturity timing, greenness index, leaf number, plant height,
and oil content. Under drought stress, the first factor (eigenvalue: 4.45) comprised similar
morphological and yield traits, with other factors grouping relative water content, phenological
traits, oil content, leaf number, plant height, and greenness index.

Principal component analysis of genotype-by-environment interaction revealed three and four
components (eigenvalues >1) under normal and drought stress, explaining 62.3 and 71.4% of the
variation, respectively. Under normal conditions, the eigenvalues of the first three factors were
1.81, 1.07, and 1.03, respectively, and under drought stress conditions, the eigenvalues of the first
four factors were 4.5, 2.24, 1.23, and 1.06, respectively. The MGIDI index identified five
genotypes (254-ENSAT), (AS3232), (ENSAT699), (HA304), and (SDB1) exhibited the greatest
genetic distance, indicating their potential for breeding drought-tolerant hybrids through
heterosis.

Conclusion

The MGIDI provides a comprehensive approach for multi-trait selection and clustering of
sunflower genotypes under both normal and drought conditions. The identification of genotypes
with high genetic divergence offers valuable material for developing drought-tolerant hybrids,
leveraging the benefits of heterosis for improved crop resilience.

Keywords: Drought stress, Genetic diversity, Multivariate analysis, Oilseed crops, Simultaneous
selection
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Table 1. Identification code and origin of 100 oilseed sunflower genotypes studied under normal and drought
stress conditions

Code Genotype name Country Name of the Code Genotype name Country ~ Name of the research
name research center name center
1 H100A/83HR4 France ASGROW 51 H250A/83HR4 France ASGROW
2 H209A/LC1064 France ASGROW 52 RHA265 US.A USDA
3 H205A/H543R France ASGROW 53 PM1-3 US.A USDA
4 AS5306 France ENSAT 54 RT948 France RUSTICA
5 RHAB858 US.A USDA 55 283-ENSAT -
6 H209A/83HR4 France ASGROW 56 QHP-1 France INRAMONT
7 AS3211 France ENSAT 57 SDR19 US.A USDA
8 254-ENSAT France ENSAT 58 HA337B USA 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 US.A USDA
12 AS613 France ASGROW 62 RT931 France RUSTICA
13 A-FLPOPA France NOVARTIS 63 HA335B US.A USDA
14 OES France INRAMONT 64 NS_B5 France NOVARTIS
15 H100A/LC1064 France ASGROW 65 SDB3 US.A USDA
16 RHA266 US.A USDA 66 LC1064C France ASGROW
17 PAC2 France ENSAT 67 NS-R5 France NOVARTIS
18 H157/LC1064 France ASGROW 68 DM-2 US.A USDA
19 5DES20QR France BRN 69 H156A/RHA274 France ASGROW
20 15038 France ENSAT 70 SDB1 USA USDA
21 1009337(100K) France ENSAT 71 HAR-4 USA USDA
22 AS3232 France ASGROW 72 AS5305 France ASGROW
23 12AASB3 France ASGROW 73 RHA274 US.A USDA
24 8ASB2 France ASGROW 74 H158A/H543R France ASGROW
25 9CSA3 France Caussade 75 H100A/RHA274 France ASGROW
semences
26 HO049+FSB France 76 H209A/H566R France ASGROW
27 SSD-580 France ASGROW 77 ASO-1-POP-A France ENSAT
5AS-F1/A2*R5AS- France France
28 FLIAZ*R? ASGROW 78 AS6305 ENSAT
29 7CR1=PRH6 France C.F 79 B-FIPOPB France NOVARTIS
30 ENSAT699 France ENSAT 80 D34 USA 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 NSF1-As*Rs France NOVARTIS 88 H156A/H543R France ASGROW
39 28 Iran SPII 89 H543R/H543R France ASGROW
40 30 Iran SPII 90 H543R France -
41 F1250/03 Hungary 91 SF076 France ENSAT
42 SDR18 US.A USDA 92 B-FIPOPB
43 LP-SCYB France ENSAT 93 SF085 France ENSAT
44 803-1 Serbia IFVC 94 SF092 -
France A-
45 1009370-1(100K) ENSAT 95  CONTROLPLASTIPI
c
46 CSWW2S France Caussade 9% 59-1 Iran SPII
semences
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. Multivariate analysis of variance for oilseed sunflower genotypes under normal conditions

Sources of variation Df Pillai test Approximate F value DFy DFp Pr(>F)

Environment 1 0.927 147.42 13 150 22e16
Block/Rep/Environment 36 2.867 1.27 468 2106 2.2e16"
Rep/Environment 2 0.932 10.14 26 302 2.2e-16""
Genotype 99 8.389 2.98 1287 2106 2.2e-16™"
Genotype/ Environment 99 6.767 1.78 1287 2106 2.2e-16""
Residual 162 0.00029

VRS P RVER VAT [P AR PO O SRS PP

wun wx w2 NS

S x Ak *xx non-significant, significant at the probability level of 0.05, 0.01 and 0.001, respectively.
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Table 3. Multivariate analysis of variance for oilseed sunflower genotypes under drought stress

SNOAYS Df Pillai test Approximate DFy DFp Pr(>F)
F value

Environment 1 0.936 167.578 13 150 2.2e-16""
Block/Rep/Environment 36 3.381 1.582 468 2106 2.2e-16""
Rep/Environment 2 0.742 6.843 26 302 2.2e16™"
Genotype 99 8.348 2.936 1287 2106 2.2e-16""
Genotype/ Environment 99 6.863 1.830 1287 2106 2.2e16™
Residual 162 1.338-e1l

wan wn v NS
[

.~/'-\)~/-\u/“édk;:—\c]a.dﬁ)l:&a.aé)\z@mxb%j45:x ¢

ns, *, ** ***: non-significant, significant at the probability level of 0.05, 0.01 and 0.001, respectively.
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Table 4. Coefficient of traits in factors with eigenvalues greater than one in factor analysis for genotype

main effect in oilseed sunflower genotypes under normal and drought stress conditions

Traits Normal Drought stress
Uniquenesses  Communality Loading factor Uniquenesses Communality Loading factor
1 2 3 4 5 1 2 3 4
Leaf length (cm) 0.18 0.82 -0.82 -0.23 0.16 0.25 0.07 0.19 0.81 -0.83-0.24 0.24  -0.03
Leaf width (cm) 0.17 0.83 -0.86 -0.09 0.07 0.25 -0.1 0.2 0.8 -0.87 -0.11 0.17 0
Petiole length (cm) 0.4 0.6 -0.71 -0.22 0.14 0.04 0.13 0.52 0.48 -0.56 -0.31 0.14 0.22
Number of leaf 0.15 0.85 -0.07 -0.03 -0.05 0.92 0.01 0.28 0.72 -0.09 -0.13 0.82 0.16
Stem diameter (cm) 0.27 0.73 -0.82-0.010.03 0.2 -0.14 0.24 0.76 -0.85 -0.05 0.18 0.08
Head diameter (cm) 0.36 0.64 -0.74 -0.1 -0.22-0.08 0.18 0.22 0.78 -0.87 0.06 -0.12  -0.05
Plant height (cm) 0.35 0.65 -0.48-0250 06 0.1 0.43 0.57 -0.47 -0.16 0.48 0.3
Greenness index 0.23 0.77 0.01 -0.11 -0.87 0.03 -0.01 0.31 0.69 -0.01 -0.02 0.11 0.82
(SPAD)
Day to flowering (day) 0.17 0.83 -0.19 -0.83 -0.28 0.15 0.06 0.21 0.79 -0.07 -0.85 0.18 0.18
Day to maturity (day) 021 0.79 -0.22 -0.79 -0.24 0.2 -0.04 0.23 0.77 -0.1 -0.85 0.15 0.14
RWC (%) 0.42 0.58 -0.020.69 -0.290.1 0.02 0.53 0.47 -0.02 0.61 0.2 0.22
Oil content (%) 0.04 0.96 -0.06 0.01 0.01 0.05 0.98 0.38 0.62 -0.01 0.14 0.59 -0.5
Seed yield (gr-plant) 0.29 0.71 -0.78 0.05 -0.3 -0.01 0.06 0.25 0.75 -0.79 0.29 -0.19  -0.06
Eigenvalues 48 1.73 1.11 1.07 1.03 445 224 1.23 1.06
Perf:entage of explained 36.9 13.3 8.54 8.25 7.94 34.3 17.2 9.46 8.18
variance
Percentage of 36.9 50.2 588 67 75 343 515 61 69.1
cumulative  explained

variance
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Table 5. Components of five factors with eigenvalues greater than one in factor analysis for genotype main
effect in oilseed sunflower under normal conditions

Traits Factor Total average Average of Differential Selection

selected genotypes selection differential

percentage
Leaf length (cm) 1 16.6 18.2 1.64 9.89
Leaf width (cm) 1 14.3 16 1.74 12.2
Petiole length (cm) 1 9.29 10 0.756 8.14
Stem diameter (cm) 1 478 5.39 0.616 12.9
Head diameter (cm) 1 13.3 15.2 1.94 14.6
Seed yield (gr-plant) 1 41.8 58.7 16.9 405
Day to flowering (day) 2 745 76.7 2.15 2.89
Day to maturity (day) 2 107 110 2.81 2.62
RWC (%) 2 71.3 723 0.986 1.38
Greenness index 3 38.6 41.7 3.09 7.99

(SPAD)

Plant height (cm) 4 109 122 135 124
Number of leaf 4 17 18.7 1.68 9.85
Oil content (%) 5 47.3 47.8 0.498 1.05
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Table 6. Components of four factors with eigenvalues greater than one in factor analysis for genotype main
effect in oilseed sunflower under drought stress

Traits Factor Total Average of Differential selection Selection
average selected genotypes differential
percentage
Leaf length (cm) 1 13.9 16.2 2.30 16.5
Leaf width (cm) 1 115 135 2.02 17.6
Petiole length (cm) 1 6.64 7.85 1.21 18.2
Stem diameter (cm) 1 4.13 4.64 0.512 124
Head diameter (cm) 1 10.5 11.3 0.779 7.40
Seed yield (gr-plant) 1 21.6 241 2.48 115
Day to flowering (day) 2 69.7 71.6 1.94 2.78
Day to maturity (day) 2 103 105 241 2.35
RWC (%) 2 62.3 61.4 -0.910 -1.46
Plant height (cm) 3 99.7 115 15.4 15.4
Number of leaf 3 16 19.1 3.06 19.1
(Number)
Oil content (%) 3 45.7 45.9 0.184 0.402
Greenness index 4 40.3 41.4 111 2.76

(SPAD)
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Figure 1. Ranking of oilseed sunflower genotypes using MGIDI multivariate selection index under normal

(top side) and drought stress (down side) conditions
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Table 7. Coefficient of traits in the factors with eigenvalues greater than one in factor analysis for genotype
x year interaction effect in oilseed sunflower under normal and drought stress conditions

Traits Normal Drought stress

Variance Communality Loading factor Variance Communality Loading factor

1 2 3 1 2 3 4

Leaf length (cm) 0.16 0.84 -09 -0.04 -017 0.12 0.88 -0.92 -0.16 -0.1 0.07
Leaf width (cm) 0.16 0.84 -0.91 0.01 -0.1 0.4 0.86 -0.92 -0.05 -0.04 0.04
Petiole length (cm) 0.29 0.71 -0.79 0.19 -0.22 0.59 0.41 -0.62 0.03 -0.14 0.01
Number of leaf 0.55 0.45 -0.49 044 -0.11 0.34 0.66 -0.48 -0.62 -0.11 0.18
Stem diameter (cm) 0.22 0.78 -0.86 0.12 -0.13 0.2 0.8 -0.87 -0.23 -0.06 0
Head diameter (cm) 0.48 0.52 -0.62 -0.29 -0.22 0.24 0.76 -0.86 0.06 0.02 -0.16
Plant height (cm) 0.47 0.53 -0.7 0.03 -0.19 0.32 0.68 -0.72 -0.38 -0.11 -0.04
Greenness index (SPAD) 0.65 0.35 -0.12 0.15 -0.55 0.22 0.78 -0.03 0.01 -0.15 -0.87
Day to flowering (day) 0.15 0.85 -0.31 0.15 -0.86 0.15 0.85 -0.27 -0.38 -0.79 -0.08
Day to maturity (day) 0.23 0.77 -0.1 -0.15 -0.86 0.13 0.87 0 0.03 -0.93 -0.08
RWC (%) 0.52 0.48 029 -05 0.38 0.62 0.38 -0.02 0.57 0.22 -0.05
Oil content (%) 0.74 0.26 0.07 -05 -0.01 0.39 0.61 0.06 0.63 -0.21 0.4
Seed yield (gr-plant) 0.28 0.72 -0.32 -0.79 0.05 0.25 0.75 -0.67 0.46 0.16 -0.25
Eigenvalues 512 1.69 1.29 511 193 123 1.01
Per_centage of explained 394 13 992 39.3 148 947 7.79
variance
Percentage of cumulative 394 524 623 39.3 541 636 714

explained variance

38 Jlo X g3 00 1 STy B ke 4 475 55 <9 3 553 059 2060 b ole 4w (ST -A Jgoer
Gl Wl yd 50 Sé9y Ol RLsET
Table 8. Components of three factors with eigenvalues greater than one in factor analysis for genotype x
year interaction effect in oilseed sunflower under normal conditions

Traits Factor Total average Average of Differential Selection
selected selection differential
genotypes percentage
Plant height 1 109 115 6.25 5.76
Number of leaf 1 17 17.1 0.06 0.320
Leaf length 1 16.6 17.9 1.30 7.86
Leaf width 1 14.3 15.5 1.23 8.59
Petiole length 1 9.29 9.95 0.66 7.07
Stem diameter 1 4.78 5.11 0.34 7
Head diameter 1 13.3 15.1 1.76 13.2
RWC 2 713 70.5 -0.78 -1.09
Oil content 2 47.3 48.4 1.07 2.25
Seed yield 2 41.8 52.7 10.9 26.2
Greenness index 3 38.6 39.6 1.01 2.62
Day to flowering 3 745 76.5 2 2.68
Day to maturity 3 107 109 2.15 2
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Table 9. Components of four factors with eigenvalues greater than one in factor analysis for genotype x year
interaction effect under drought stress conditions

Traits Factor Total Average of Differential Selection
average selected selection differential
genotypes percentage
Plant height 1 99.7 106 6.31 6.33
Leaf length 1 13.9 15 1.13 8.18
Leaf width 1 115 12.6 1.11 9.67
Petiole length 1 6.64 7.04 0.403 6.07
Stem diameter 1 4.13 4.43 0.303 7.34
Head diameter 1 10.5 11.7 1.20 114
Seed yield 1 21.6 26.9 5.29 24.5
Number of leaf 2 16 16.1 0.109 0.677
RWC 2 62.3 62.7 0.384 0.616
Oil content 2 457 46.6 0.828 1.81
Day to flowering 3 69.7 71.6 1.94 2.78
Day to maturity 3 103 105 1.84 1.79
Greenness index 4 40.3 41.2 0.910 2.26
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Figure 2. Diagram based on mutual effects under normal conditions by MGIDI method, knotting of
genotypes based on biplot of effects interaction of environment x traits (factors)
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by MGIDI method, knotting of genotypes based

S (AU 55y 5 S 555 (Ko s L2 li)
S g hld :SLJ—\;JQ.SJ.A}:SL«;QWJ»LQ
M) £33 Jalo bpgs Jl > (S A5 Ll
a5 (o8 6‘)wﬁéfﬁyTw‘5‘}:>u‘¢fﬂ
CJUQLJ)‘ 9 a.-\.&(nbd 6[.&‘5.4.;0); “ 4>}5 ‘.: J},&u’.ﬂ
e 3 dsl Jolo 55 15 0a Il 5 Cow Slio o
644{‘-?))-’;»—«-6&-55513 Jole 25 Ll s o
SHF ol
oBails (o5l 5 hass Sislae S| ks ok
S5 S5 b slaazr ol bl 4 4l

':"qu;‘

on biplot mutual effects of environment x traits (factors)

S 5 4o

5 Sy s Ol 5SSVl s el

Odd patde b bleio ool 1) S en  ogs JB
Cs) s bis sl Cars s D b
338 o pasie @ol5a glaaal 5 eslizal g
gooze 4 g L ol SIS Jle Jdod bl
Ll o cod 254-ENSAT) Ciy) mbs
ol 3 g a1y Jgl agy (S A5 5 RS Oy
R Oa b o S e ele o 5 50
3L 5 4 Dl SR ot s 9 dol e s
5 5 sk 5 sl i syl Slav) Jgl ele
o 3 (Gob Jab 5 il s o8 s U b o5 50



OFo

VEF Olins ) oF 0l FA dl ¢ ol Sl

References

Anjum, S.H., Xie, X.Y., Wang, L.C., Saleem, M.F., Man, C.,, & Lei, W. (2011). Morphological,
physiological and biochemical responses of plants to drought stress. African Journal of Agricultural
Research, 6(9), 2026-2032. https://doi.org/ 10.5897/AJAR10.027

Askari Kalestani,A.R., Ghaffary, S.M.T., Zali, H., & Moghadam., M.E. (2025). Identification of superior
bread wheat genotypes using composite indices for cultivation in warm regions. Plant Productions,
47(4), 491-510. https://doi.org/10.22055/ppd.2024.46831.2163 [In Persian].

Baraki, F., Gebregergis, Z., Belay, Y., Teame, G., Gebremedhin, Z., Muez Berhe, M., Dawit Fisseha, D.,
Goitom Araya, G., & Gebregergs, G. (2024). Identification of adaptable sunflower (Helianthus annuus
L.) genotypes using yield performance and multiple-traits index. Heliyon, 10(9), e29405.
https://doi.org/10.1016/j.heliyon.2024.e29405

Benakanahalli, N.K., Sridhara, S., Ramesh, N., Olivoto, T., Sreekantappa, G., Tamam, N., Abdelbacki,
AM.M., Elansary, H.O., & Abdelmohsen, S.A.M. (2021). A framework for identification of stable
genotypes based on MTSI and MGDII indexes: An example in Guar (Cymopsis tetragonoloba L.).
Agronomy, 11(6), 1221-1241. https://doi.org/10.3390/agronomy11061221

Hussain, M., Farooqg, S., Hasan, W., am Ul-Allah, S., Tanveer, M., Farooq, M., & Nawaz, A. (2018).
Drought stress in sunflower: Physiological effects and its management through breeding and agronomic
alternatives. Agricultural Water Management, 201(C), 152-166.
https://doi.org/10.1016/j.agwat.2018.01.028

Enyew, M., Feyissa, T., Geleta M., Tesfaye, K., Hammenhag, C., & Carlsson, A.S. (2021). Genotype by
environment interaction, correlation, AMMI, GGE biplot and cluster analysis for grain yield and other
agronomic traits in sorghum (Sorghum bicolor L. Moench). PLoS ONE, 16(10), e0258211.
https://doi.org/10.1371/journal.pone.0258211

Farahani, E., & Arzani, A. (2009). Evaluation of genetic variation of durum wheat genotypes using
multivariate analyses. Journal Crop production, 1(4), 51-64. [In Persian].

Kaiser, H.F. (1958). The varimax criterion for analytic rotation in factor analysis. Psy507 chometrika .
Psychometmka, 23(3), 187-200. https://doi.org/10.1007/BF02289233

Olivoto, T., Lucio, AD., da Silva, J.A, Marchioro, V.S., de Souza, V.Q., & Jost, E. (2019). Mean
performance and stability in multi-environment trials I: Combining features of AMMI and BLUP
techniques. Agronomy Journal, 111(6), 2949-2960. https://doi.org/10.2134/agronj2019.03.0220

Olivoto, T., & Nardino, M. (2020). MGIDI: Toward an effective multivariate selection in biological
experiments. BioRxiv, 37(10), 1383-1389.

Olivoto, T., Diel, M.l, Schmidt, D., & Ldcio, A.D. (2022). MGIDI: A powerful tool to analyze plant
multivariate data. Plant Methods, 18(1), 121. https://doi.org/10.1186/s13007-022-00952-5

Omidinasab, D., Meskarbashee, M., & Rahnama Ghahfarokhi, A. (2024). The effect of deficit irrigation on grain
yield and some physiological indicators of sunflower (Helianthus annus L.) cultivars. Iranian Journal of
Field Crops Research, 22(1), 71-88. https://doi.org/10.22067/jcesc.2023.83198.1258 [In Persian].

Omidinasab, D., Meskarbashee, M., & Rahnama Ghahfarokhi, A. (2023). Effect of deficit irrigation on
grain yield and quality characteristics of oil content of sunflower (Helianthus annus L.). Iranian
Journal of Field Crop Science, 54(3), 97-108. http//doi.org/10.22059/ijfcs.2023.353827.654972 [In
Persian].

Pallavi, M., Prasad, B.M., Shanthi, P., Reddy, V.L.N., & Kumar, A.N. (2024). Multi trait genotype-
ideotype distance index (MGIDI) for early seedling vigour and yield related traits to identify elite lines
in rice (Oryza sativa L.). Electronic Journal of Plant Breeding, 15(1), 120 - 131
https://doi.org/10.37992/2024.1501.020

Pour-Aboughadareh, A., & Peter Poczai, P. (2021). A dataset on multi-trait selection approaches for
screening  desirable  wild  relatives of wheat. Data in  Brief, 39, 107541.
https://doi.org/10.1016/j.dib.2021.107541

Shen, J.,, Wang, X., Song, H., Wang, M., Niu, T., Lei, H., Qin, C., & Liu, A. (2023). Physiology and
transcriptomics highlight the underlying mechanism of sunflower responses to drought stress and
rehydration. Iscience, 26(11), 108112. https://doi.org/10.1016/j.isci.2023.108112



https://doi.org/%2010.5897/AJAR10.027
https://doi.org/10.22055/ppd.2024.46831.2163
https://doi.org/10.1016/j.heliyon.2024.e29405
https://doi.org/10.3390/agronomy11061221
https://www.sciencedirect.com/journal/agricultural-water-management
https://doi.org/10.1016/j.agwat.2018.01.028
https://doi.org/10.1371/journal.pone.0258211
https://doi.org/10.1007/BF02289233
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj96YzB7uSCAxXzaqQEHSVeCe8QFnoECAwQAQ&url=https%3A%2F%2Facsess.onlinelibrary.wiley.com%2Fjournal%2F14350645&usg=AOvVaw2JsRU2o4tD21nvueyfqLV9&opi=89978449
https://doi.org/10.2134/agronj2019.03.0220
https://doi.org/10.1186/s13007-022-00952-5
https://doi.org/10.22067/jcesc.2023.83198.1258
file:///C:/Users/USER/Downloads/http/doi.org/10.22059/ijfcs.2023.353827.654972
https://doi.org/10.37992/2024.1501.020
https://doi.org/10.1016/j.dib.2021.107541
https://doi.org/10.1016/j.isci.2023.108112

oF#

weils Ol KT (o 5 L2 S te3l) L ass 5 5,5

Shi, H., Wu, Y., Yi, L., Hu, H, Su, F., Wang, Y., Li, D., & Hou, J. (2023). Analysis of QTL mapping for
germination and seedling response to drought stress in sunflower (Helianthus annuus L.). PeerJ, 11,
€15275, https://doi.org/10.7717/peerj.15275

Shirzad, A., Asghari, A., Zali, H., Sofalian, O., & Mohammaddoust Chamanabad, H. (2023). Application
of the multi-trait genotype-ideotype distance index in the selection of top barley genotypes in the warm
and dry region of Darab. Journal of Crop  Breeding, 14(44),  65-76.
https://doi.org/10.52547/jch.14.44.65 [In Persian].

Sholehah, M., Suwarno, W.B., Hapsari, V.P., Sulistyo, N.N., Marwiyah, S., & Aswidinnoor, H. (2024).
Rice breeding for multi-canopy system: estimations of genetic parameters and response to selection.
Agronomy Journal, 116(5), 2129-2140. https://doi.org/10.1002/agj2.21629

Singamsetti, A., Zaidi, P.H., Seetharam, K., Vinayan, M.T., Olivoto, T., Mahato, A., Madankar, K.,
Kumar, M., & Shikha, K. (2023). Genetic gains in tropical maize hybrids across moisture regimes with
multi-trait-based  index  selection.  Frontiers in  Plant  Science. 14, 1147424
https://doi.org/10.3389/fpls.2023.1147424



https://doi.org/10.7717/peerj.15275
https://doi.org/10.7717/peerj.15275
https://jcb.sanru.ac.ir/browse.php?mag_id=45&slc_lang=en&sid=1
https://doi.org/10.52547/jcb.14.44.65
https://doi.org/10.1002/agj2.21629?urlappend=%3Futm_source%3Dresearchgate.net%26medium%3Darticle
https://doi.org/10.3389/fpls.2023.1147424

