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Extended abstract

Introduction

Sunflower is an oilseed plant with good nutritional quality. Since the oil consumption per capita is high in Iran, it
is very important to pay attention to supply needed oil. Therefore, it is necessary to breed and introduce oilseed
sunflower cultivars with high and stable yield. Among the abiotic stresses, drought is the most effective factor
influencing the world of agriculture. Sunflower is relatively drought-tolerant, however its yield is still impacted
by drought stress conditions. In particular, drought stress during the reproductive stage has a pronounced negative
effect on sunflower yield, leading to a significant reduction in both oil content as well as oil production. Direct
selection for yield is unreliable due to the quantitative nature of this trait and its susceptibility to environmental
influences. As an alternative manner, the indirect selection i.e. selection through other traits and selection through
the indices, is used. By using the selection indices, it is possible to select based on several traits by overcoming
the unfavorable correlation between the traits. In this regard, in order to select genotypes with high yield under
drought stress, some selection indices such as Brim, Smith-Hazel, Robinson and Pesek-Baker were used to select
genotypes under investigated environmental conditions. Use of efficient selection indices can be useful in
identifying genotypes with high performance in different environmental conditions. Sunflower genotypes that
perform well under both normal and drought stress conditions can be utilized to develop promising hybrids.

Materials and methods

In this research, 100 sunflower oil genotypes obtained from different research stations over the world were
investigated in the village of Gezeljeh, Salmas during 2011 and 2012 in a 10 x 10 simple lattice design under
normal and drought stress conditions. Cultivation was done at the beginning of May, on 5-meter lines, keeping a
distance of 50 cm between plants and 60 cm between the lines. The distance between two repetitions was 1.5 cm
and the distance between two tests experiments was five meters. In both years, up to the 8-leaf stage, the field was
irrigated in both normal and limited irrigation experiments after 90 mm of evaporation from the Class A
evaporation pan. From the 8-leaf stage onwards in the normal irrigation experiment, irrigation continued in the
same way until the end of the growing season. But in limited irrigation, irrigation was done after 180 mm of
evaporation from the Class A evaporation pan. Some agro-morphological traits including plant height, total
number of leaves per plant, leaf length and width, petiole length, greenness (SPAD value), stem diameter, head
length and width, head diameter, days from planting to flowering, days from planting to physiological maturity,
relative leaf water content, kernel oil content and kernel yield were evaluated. Brim, Smith-Hazel, Robinson and
Pesek-Baker selection indices were calculated to select genotypes under two environmental conditions. In order

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction
BY

in any medium or format, as long as you give appropriate credit to the original author(s) and the source.

This article is published with open access on www.pgr.lu.ac.ir | © Lorestan University Press 47


https://pgr.lu.ac.ir/browse.php?slc_lang=en&slc_sid=1&cur=1
http://dx.doi.org/10.22034/PGR.11.1.4
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://pgr.lu.ac.ir/index.php?slc_lang=en&sid=1
file:///C:/Users/sohra/OneDrive/Desktop/Revised_JPGR_Vol10/pgr.lu.ac.ir
mailto:r.darvishzadeh@urmia.ac.ir
http://dx.doi.org/10.22034/PGR.11.1.4
https://orcid.org/0000-0001-5991-4411
https://orcid.org/0000-0002-5586-7758
https://en.lu.ac.ir/
https://pgr.lu.ac.ir/index.php?slc_lang=en&sid=1
https://pgr.lu.ac.ir/index.php?slc_lang=en&sid=1
https://pgr.lu.ac.ir/index.php?slc_lang=en&sid=1

Evaluation of Some Selection Indices to Improve Sunflower Seed Yield ...

to evaluate and compare the efficiency of selection indices and select the best index, the genetic gain of traits (AG),
expected gain (AH) and relative efficiency of selection index (RE) were calculated.

Results and discussion

The results of this experiment indicated that the direct response to selection for traits such as seed oil content, days
to maturity, and leaf length under both environmental conditions is more favorable than the correlated response.
However, for head and stem diameter, the lowest efficiency of direct selection was observed under both
environmental conditions compared to other investigated traits. Considering the two criteria; the genetic gain of
traits (AG) and expected gain (AH) under normal and drought stress conditions, the two indices of Brim and Smith-
Hazel were introduced as the best indices and the genotype ENSAT-254 was introduced as the superior genotype.

Conclusions

Based on results of this study, the ENSAT-254 genotype can be considered in the production of hybrid cultivars
for cultivation under drought stress conditions, following validation at the molecular level by examining the
expression of genes associated with water deficit stress tolerance.
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Table 1. Name of studied oilseed sunflower genotypes

Line name Line name Line name Line name
1. H100A/83HR4 26. HO49+FSB 51. H25A/83HR4 76. H209A/H566R
2. H209A/LC1064 27. SSD-580 52. RHA265 77. ASO-1-POP-A
*
3. H205A/H543R A A A 53. PM1-3 78. AS6305
4. AS5306 29. 7CR1=PRH6 54. RT948 79. B-FIPOPB
5. RHA858 30. ENSAT-699 55. ENSAT-283 80. D34
6. H209A/83HR4 31. SSD-581 56. QHP-1 81. CAY
7. As3211 32. TMB-51 57. SDR19 82. 346 IRANI
8. ENSAT-254 33.11*12 IRANI 58. HA337B 83. NS-F1-A5*R5
9. AS5304 34.110 IRANI 59. H100B 84. 36 IRANI
10. 1009329.2(100K) 35. H603R 60. B454/03 85. 38 IRANI
11. ENSAT-270 36. 4 IRANI 61. HA304 86. SDB2
12. AS613 37. 703-CHLORINA 62. RT931 87. H158A/LC1064
13. A-FLPOPA 38. NSF1-A4R5 63. HA335B 88. H156 A/H543R
14. OES 39. 28 IRANI 64. NS-B5 89. H543R/H543R
15. H100A/LC1064 40. 30 IRANI 65. SDB3 90. H543R
16. RHA266 41. F1250/03 66. LC1064C 91. SF076
17. PAC2 42. SDR18 67. NS-R5 92. B-FIPOPB
18. H157/LC1064 43. LP-SCYB 68. DM-2 93. SF085
19. 5DES20QR 44, 803-1 69. BH156A/RHA274 94. SF092
20. 15038 45, 1009370-1(100K) 70. SDB1 95. A-CONTROLPLASTIPIC
21. 1009337(100K) 46. CSWW2S 71. HAR-4 96. 59-1 IRANI
22. AS3232 47.1009370-3(100K) 72. AS5305 97. H100A-90RLS8
23. 12AASB3 48. H158A/H543R 73.- RHA274 98. SF109
24. 8ASB2 49. H100A 74. H158A/H543R 99. SF105
25. 9CSA3 50. 15031 75. HI00A/RHA274 100. SF023
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coefficients, and b is the transpose of vectorb.
Sy a3 s b — ) e X 5 ety 5 sh s ikl Gl sl o Of s S
5 (CVi) a=ls cvi=2 % 100 (Rahimi and Rabiei, 2011) &ocd 3 3l aes (ol » Laxls gla
Phenotypic coefficient of X Where o is the phenotypic standard deviation of the index and
variation (CVi) for indices X is mean of index values for all individuals.
LS}_{J:{CJ‘)} )..A? hi gr\l o é:ﬁj )l:x.é &J\j>r.:] 6g[ U‘ BL oS
Ao TN G S LS ol Sl S K 5 pll ko
6 oP el R; = Khy;8 (Falconer and Mackay, 1996) A2L s YWV i s 55
Response to selection Where 84; is the genotypic standard deviation of the it trait, b
is the square root of heritability of i trait, and K is the selection
intensity, which is equal to 1.76 with the selection of 10% of
the genotypes.
3350 Sl B0 ho ( (Sher o p5 T e B 0l
o\ Vay 5555 ool O Gl sl o ol i
L Falconer and Mackay, ) <ol i 55 50 Cadoo S35 il s
Llnad
7 T CR; = Krgyhy/Vi
Correlated response ' XY ey (199%

In this formula, r is the correlation coefficient between the
desired trait for improvement and the trait on which the
selection is made, and ,/ Vv is the square root of genetic
variance of the desired trait.
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Table 4. Estimation of genotypic standard deviation, heritability and direct response to selection for oilseed
sunflower under normal and drought stress conditions

o s Loyl s S sl Ll
. Normal conditions Drought stress conditions
e e el —hs L Gl & poden Gl s e Gl
Characters _ ) . .
ol Sk ST ol Srd S5
Ri A Sgi Ri R’ Sgi
o 5l G g sl
(o) S0 gl 13.519 0.649 11.844 8.304 0.580 8.236
Plant height (cm)
g.fﬂ J'u\&?
1.543 0.481 1.822 1.193 0.419 1.635
Number of leaf
o ole) S
el S b 1.520 0.536 1.612 0.921 0.479 1.106
Leaf length (cm)
fe 5l Sy L
e l) S 22 1.215 0.451 1.531 0.612 0.390 0.902
Leaf weight (cm)
(o sila) S as Jsb
Petiole length 0.746 0.467 0.906 0.490 0.474 0.594
(cm)
s L) ol s
(o) il s 0.472 0.518 0.518 0.178 0.373 0.274
Stem diameter (cm)
el <
(el 3:8) (55 5 1.802 0.447 2.289 1.504 0.404 2.140
Greenness (SPAD value)
G) o o 2.829 0.570 2.822 2.441 0.565 2.481
Day to flowering (day)
. /“\MA U N
G20) (e B 50 4.605 0.653 4.006 2.340 0.496 2.712
Day to maturity (day)
L) :
() b s 0.071 0.112 0.359 0.159 0.198 0.463
Head diameter (cm)
jf. %’T oo () groms
(1) - - 0.1 1.599 0.308 2.980
RWC (%)
o -
(Aes3) €l 255 lyes 4.909 0.855 3.263 5.248 0.871 3.463

Kernel oil content (%)

y
(p5) wls 3 S 10.078 0.466 12.290
Kernel yield (gr)

LL,) S, Jsb «(LN) S slaws (PH, €M) g s (Sgi) (K53 sbne Sl 5 (17) (63l (R Sl s sl
55,5 «DF, day) xS 6 55, (SPAD cul sae) Ko jee «SD, €M) Gl ks «(PL, €M) S s Jsb (LW, €M) S, 5 ¢ (€M
5 (Kernel oil content, %) «ls -5, lyms (RWC, %) S, O i glyme (HD, €M) b L3 (DM, day) S, b
(Kernel yield, gr) «is s Sles

Direct response to selection (R;), Heritability (h?), Genetic standard deviation (Sgi). Plant height (PH, cm),
Number of leaves (LN), Leaf length (LL, cm), Leaf width (LW, cm), Petiole length (PL, cm), Stem diameter
(SD, cm), Greenness (SPAD value), Days to flowering (DF, day), Days to maturity (DM, day), Head diameter
(HD, cm), Relative water content (RWC, %), Kernel oil content (%), and Kernel yield (gr)
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Table 5. Genetic correlation and correlated response values to selection for improvement of trait Y through
selection for trait X under normal and drought stress conditions

Sl s Jb 5

Drought stress conditions Normal conditions

e ey s el c TR
Y X Correlated - ) Y X Correlated - )
response Genetic response  Genetic
correlation correlation
“a gl S ol 278 0.457 Sl Sl 5.39 0.537
PH LN PH LN
Y Y
» b 1.56 0.225 » sk 6.56 0.587
LL LL
Y ; S :
e 0.67 0.118 e 5.77 0.616
LW LW
Y S
2 dsb 2.39 0.348 o3 dsb 4.62 0.474
PL PL
o Lo o Lo
il s 1.32 0.244 Wl s 5.40 0.501
SD SD
348) (S o 348) (S e
(Al 16.16 2.760 (sl 0.39 0.042
Greenness Greenness
(SPAD value) (SPAD value)
BILQ S
* 250 455 0.555 * 222 483 0.407
DF DF
Sy U 5 Sy U 5
A B 452 0.629 Sl e, 0.575
DM DM
b ks 0.24 0.083 b ks 4.43 1.897
HD HD
£ 2.13 -0.476 S - -
RWC RWC
SE g S &y
&ls 1.93 0.153 <l 3.31 0.186
Kernel oil Kernel oil
content content
;| {
als JJ.(L»& i i als JJKL.».:« 432 0.445
Kernel yield Kernel yield
S sl 5y ol S sl @y sl
2 Rkl 0.76 0.457 2 CR e 1.12 0.537
LN PH LN PH
S S
»dsb 0.49 0.357 Y 0.58 0.336
LL LL
S : S ;
S 0.12 0.110 S 0.59 0.406
LW LW
Y S
s dsb 0.20 0.144 s dsb 0.20 0.130
PL PL

07\
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Table 5. Continued
S,M;-'" : Jw JLaf'
Drought stress conditions Normal conditions
. /“ N . /“ :
Aoat ey o ek
Y X Correlated i ) Y X Correlated B ’
response Genetic response Genetic
correlation correlation
L s L L
bl 0.19 0.173 Sl s 0.59 0.354
SD SD
(Al 308) K e (Al 308) K 5
Greenness (SPAD °.08 4.367 Greenness 0.36 0.271
value) (SPAD value)
S WS G
3 5 s 0.92 0.562 * 552 0.45 0.248
DF DF
Sy U J L
e B 0.80 0.567 e Bi 0.93 0.442
DM DM
b b 0.212 0.373 b b 0.74 2.047
HD HD
£, -0.35 -0.394 £ - -
RWC RWC
s 8 | o
s s e L 50 Sl
Rt e ans 0.97 0.385 - 0.36 0.130
Kernel oil content Kernel oil
content
1s s Shes 1y 5 Shes
©ee ; ; ©ee 0.52 0.346
Kernel yield Kernel yield
S 54 ol S 5y sl
»ds R 0.25 0.225 I Sngls, 1.08 0.587
LL PH LL PH
S oslaws S, oslaws
2 0.29 0.357 2 0.46 0/336
LN LN
e 0.54 0.708 S 115 0.902
LW LW
Y S
s dsb 0.50 0532 e dsb 0.72 0.543
PL PL
L L i L
Sl 0.48 0.667 Wl ks 1.08 0.734
SD SD
:.LG) /'“):.w
(el 328) K 5ems o
) Jowsl N N
Greenness (SPAD  0:019 0.025 (4 0.13 0.104
value) Greenness
(SPAD value)
BICE EVC
* i 0.49 0.445 * oo 0.71 0.437
DF DF
g U . é U .
o B 0.54 0.563 e B 1.16 0.628
DM DM
G b 0.18 0.476 b b 0.72 2.257
HD HD

ov
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Table 5. Continued
,_<.,;-" s u,«.u JL:J.?
Drought stress conditions Normal conditions
/:._ . /w" .
ot oy ... et ey
Y X Correlated il Y X Correlated =
response Genetic response Genetic
correlation correlation
s Sl oo (Sl ge
S -0.55 -0.920 S ol - -
RWC RWC
DEss G s SE0 Sl g
s 0.16 0.097 als 0.49 0.202
Kernel oil Kernel oil
content content
£l >J..<lra.¢ ) ) UK :J_{.l.A:« 0.74 0.561
Kernel yield Kernel yield
~ B
Srohs Sa gl 0.11 0.118 5 U g 1.10 0.616
LW PH i vc PH
$ . slows $ . slows
S g oM 0.073 0.110 S g oM 0.53 0.406
LN LN
Srdsk 0.54 0.708 Sadb 1.30 0.902
LL LL
S s g 0.22 0.298 S 3 dsk 0.67 0.529
PL PL
Gl ks 0.47 0.792 Sl ks 1.18 0.847
SD SD
3e) (Ko 348) (Ko o
(Aens! -0.12 -0.185 (el -0.200 -0.002
Greenness Greenness
(SPAD value) (SPAD value)
G )'}) 4 ).))
gty 0.44 0.490 Laus 0.61 0.399
DF DF
G )'}) 4 ).))
;;‘L.?"”’) 0.60 0.759 ;_A:M) 1.04 0.589
DM DM
Gk 0.24 0.774 Sk 0.69 2.285
HD HD
s Slse s (Sl gee
S, -0.18 -0.376 S, -
RWC RWC
Lg‘j:’“’ LS‘)':"’“’
dls o, 0.07 0.053 <l 2, -0.05 -0.023
Kernel oil Kernel oil
content content
Ll Jf% i i Ll .)ng 1.09 0.871
Yield Yield

OA
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Table 5. Continued
,_i..b S w...) JLAJ;
Drought stress conditions Normal conditions
Y X SERNAN 55 Y X RN S5
Correlated Genetic Correlated Genetic
response  correlation response  correlation
S es d 5y ol I~ 54 sl
L R & 021 0.348 s Rl G 0.049 0.474
PL PH il PH
PL
= \ . Z -
S 3 0.063 0.144 S 3 0.10 0.130
LN LN
Sad 0.27 0.532 Srdsk 0.46 0.543
LL LL
Sr P 0.131 0.298 SrPr 0.38 0.529
LW LW
Sl ks 0.50 0.750 Sl ks 0.42 0.507
SD SD
S g o
|
(gl 5 0.29 2.796 (Al ) -0.06 -0.09
Greenness Greenness
(SPAD (SPAD
value) value)
TP
S
s 1.18 0.590 * . N 0.35 0.382
DF
TP TP
S 0.34 0.822 S 0.47 0.454
DM DM
Gib kb 0.43 0.327 b b 0.40 2.235
HD HD
&S, 0.07 -0.450 S ol - -
RWC RWC
als e, -0.15 -0.135 b 2, 0.29 0.213
Kernel oil Kernel oil
content content
' .
wls > Shes -0.12 - wls 3 Nhes 0.45 0.608
Kernel yield Kernel yield
S s . . . Ny
Sl k3 © s gl 0.77 0.244 e e 0.30 0.501
Sb PH SD PH
Z \ " g .
S 2l 0.88 0.173 S oM 0.16 0.354
LN LN
Srds 0.005 0.667 Srdsb 0.36 0.734
LL LL
Sp S
e -0.035 0.792 7S 0.35 0.847
LW LW

04
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Table 5. Continued
,_i.b S w...) JLaf'
Drought stress conditions Normal conditions
Y X SERNEN S5 Y X ROV S5
Correlated Genetic Correlated Genetic
response  correlation response  correlation
S 2 dsb 0.64 0.750 S s Job 0.22 0.507
PL PL
348) (S s 248) (S s
(Aol 0.60 3.303 (As! -0.06 -0.144
Greenness Greenness
(SPAD value) (SPAD value)
A 5, 0.62 0.337 AW s 0.13 0.256
DF DF
S B 0.65 0.561 e b5 - 0.383
DM DM
b ks -0.34 1.234 Sk 0.21 2.009
HD HD
g_.J‘ L;».v_u d‘fm ;.J‘ 6"““" 6\)1}:&
<, 0.080 -0.392 &, - -
RWC RWC
5E8) Sy SE8s Sl s
&l -0.38 0.147 als -0.069 -0.089
Kernel oil Kernel oil
content content
£l >f<L,.o ) ) Lls ajﬁa.o 0.28 0.651
Kernel yield Kernel yield ' '
Se) sde)
(A U i) 1.404 2.760 o € g 0.12 0.042
: PH : PH
Greenness Greenness
(SPAD (SPAD
value) value)
_ i ¢ s
S 2 1.030 4367 S 3 053 0.271
LN LN
Srdsk 0.93 0.025 Sndsb -0.23 -0.104
LL LL
Sr2F 0.84 -0.185 SR o2 -0.003 -0.002
LW LW
S e dsb 1.22 2.796 S s Job -0.17 -0.09
PL PL
Sl ks 0.55 3.303 Sl ks -0.30 -0.144
sD SD
A s, 3.98 2.260 AW s 0.29 0.127
DF DF
S, U 3 S, U 3
e B 3.99 2.705 e B 0.22 0.083
DM DM
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Table 5. Continued
i s Ji
Drought stress conditions Normal conditions
Y X Lo S5 Y X Lo S5
Correlated Genetic Correlated Genetic
response correlation response  correlation
Geb k3 2.048 3577 b s 0.101 0.225
HD HD
s Sl gme e (Sl ge
S, ol 0.11 0.541 S, ol - -
RwWC RwC
Sl &l sies
Gl e, -0.87 -0.887 <ls e, -0.10 -0.029
Kernel oil Kernel oil
content content
; Ses s s Shes
b 25 -0.36 - e 0.67 0.358
Kernel yield Kernel yield
[ BES) 4 BES)
p <y gl 1.74 0.555 ¢ © s i) 1.85 0.407
A PH oA PH
DF DF
Z ‘ - Z L4
S a3 1.13 0.562 S 3l 1.06 0.248
LN LN
Srdsk 1.29 0.445 Sadb 1.67 0.437
LL LL
Sr o 1.41 0.490 Sr o 1.32 0.399
LW LW
S s g 1.86 0.590 Soes b 1.05 0.382
PL PL
. . 5L s
Sl ks 1.0003 0.337 Wl ks 0.99 0.256
SD SD
|
(Al 5 5.2 2.260 (el 342) 0.18 0.127
Greenness Greenness
(SPAD (SPAD
value) value)
[ BE3) 4 BED)
S 2.55 0.945 S 2.58 0.911
DM DM
Geb k3 0.28 0.124 Gk B 0.97 1.644
HD HD
&S, -1.04 -0.646 S, o - -
RwWC RwWC
Gls e, -0.13 -0.095 <ls e, -0.06 0.068
Kernel oil Kernel oil
content content
Ll >f<Lg.c« i i Ll .)Jil.a.“ 1.06 0.472
Kernel yield Kernel yield

W
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Table 5. Continued
Ko s Jb
Drought stress conditions Normal conditions
Y X Lot S5 Y X JERNINS S5
Correlated Genetic Correlated  Genetic
response  correlation response  correlation
G 5, s G s e
_ e Gab) ; _ R G,
j%ﬂ) o 1.45 0.629 05_,?” o 2.63 0.575
DM DM
gj.v J\J\’J gj.v )‘Juj
’ -0.87 0.567 ’ 1.50 0.442
LN LN
Y S
»dsk -2.31 0.563 sk 2.37 0.628
LL LL
S > S :
7o -0.77 0.759 s 1.87 0.589
LW LW
S S
e 112 0.822 o2 b 1.50 0.454
PL PL
Sl L Sl L
Wl s 0.77 0.561 Sl ks 1.40 0.383
SD SD
(el 302) (S 5 (e 342) (s 50
Greenness (SPAD 115 2.105 Greenness (SPAD 0.26 0.083
value) value)
BV LG
SR o -1.92 0.945 SR O 3.66 0.911
DF DF
S ki -1.84 0.301 S ks 1.37 1.734
HD HD
g_JT L;...“_u &\f’“ uT J.M.. 6‘)"“’
£ -1.33 -0.708 £ - -
RWC RWC
s sy &g 15 sy ) sia
R oE S 0.24 -0.030 LRoE e 0090  -0.015
Kernel oil content Kernel oil content
] ]
als s Sles ) i Gl s Sas 150 0.457
Kernel yield Kernel yield
~ Gk ks
; gl 0.039 0.083 ' gl 0.78 1.897
b HD
HD
;fj.v J\.Lt: ;fj.: J‘de
’ 0.13 0.373 : 0.62 2.047
LN LN
Y S
#ds 0.19 0.476 A 0.76 2.257
LL LL
S ; S >
e 0.25 0.774 7oA 0.65 2.285
LW LW
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Table 5. Continued
Sl s Jb 5
Drought stress conditions Normal conditions
Y X Lo 55 Y X Lo 55
Correlated Genetic Correlated Genetic
response  correlation response  correlation
S S
o2 b 0.13 0.327 o3 s 0.66 2.235
PL PL
5L s 5L L
Sl 0.38 1.234 Sl B 0.66 2.009
SD SD
(Aol 30¢) (Aol 30e)
) -1.18 -3.577 : 0.064 0.225
Greenness Greenness
(SPAD (SPAD
value) value)
G5 G 3s
Ly 0.057 0.124 s 0.59 1.644
DF DF
G5 G 3s
L;J:”’) 0.121 0.301 ;_A:M) 0.72 1.734
DM DM
&S, -0.32 -1.280 S, o - -
RwWC RwWC
Sl s &) gies
<l 58, 0.104 0.147 <l ) 0.40 0.731
Kernel oil Kernel oil
content content
s s Sles s s Shes
“e - - R 0.88 2.992
Kernel yield Kernel yield
L;.M.} LS\j:‘"““ 6\}2”
RWC PH £, PH
RwWC
S sl S sl
o -0.87 -0.394 i - -
LN LN
Y S
R 231 -0.920 »dsb - -
LL LL
S : S :
» oo -0.77 -0.376 R oo - -
LW LW
S S
e -1.20 -0.450 o3 s - -
PL PL
5L s 5L L
Wl kb 0.77 -0.392 Sl - -
SD SD

v
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Table 5. Continued
Sl s Jb 5
Drought stress conditions Normal conditions
S b S
Y X Comed (S5 Y X N Y-

Correlated Genetic Correlated  Genetic

response correlation

eSpoNse  correlation

(Al 308) (S e
Greenness (SPAD 1.15
value)
AL 5 1,92
DF
Sy B 55, 184
DM
HD
als g, (Gl ge 024
Kernel oil content
Gl 5 Sas
Kernel yield
4;") O.b_})
Kernel oil 0.54
content PH
LN '
S
~dsb 0.28
LL
Sr s 0.13
LW
Y
o2 b -0.39
PL
5L L
Sl B 0.33
SD
(ol 308) (S 5
Greenness (SPAD -2.18
value)
PERILG PP 033
DF

0.541

-0.646

-0.708

-1.280

0.147

0.153

0.385

0.097

0.053

-0.135

0.147

-0.887

-0.095

(Al _ _

Greenness (SPAD
value)

v-‘“-*g G s
DF
S U35
DM
i s
HD
“bs 2y lyee
Kernel oil content
Ll 5 Sas
Kernel yield
&lsos
Nia2)
< g f_u;)\
PH

0.69 0.186

PR
Kernel
oil
content

S laws
LN
Srdsk 0.62

LL
g .

S 0.62 -0.023
LW
g}wé d)}é
PL
L s

Wl ks 026  -0.089
SD

(Al -0.08 -0.029

Greenness (SPAD
value)

S G,
DF

0.36 0.130

0.202

-0.06 0.213

0.22 0.068

¢
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Table 5. Continued
NS S Jb
Drought stress conditions Normal conditions
&t (hnd &b ot
Y X o S Y X o S5
Correlated Genetic Correlated Gengtic
response correlation response correlation
G5, UST)
S, -0.09 -0.030 Sk, -0.056 -0.015
DM DM
Gb b 0.177 0.147 G B 0.47 0.731
HD HD
S, %j 0.10 0.052 S, J - -
RWC RWC
Ll Jjﬂ:«.c ) ) 4ls ajil:o.:« 050 0187
Kernel yield Kernel yield
<l 5> Slas . . als s See . ..
Peperg| Fepairg|
Kernel yield ﬁP% ? -148 i Kernel fb% ’ 6.24 0.445
yield
S 3 -0.60 - S M3 3.60 0.346
LN LN
Sndsk -0.47 - Srdsb 650 0561
LL LL
SR -0.31 - SR 850 0.871
LW LW
S e dsb -0.25 - S e dsb 6.15 0.608
PL PL
Gl b 009 - Bl b 7:30 0651
SD SD
S S
| |
(el 200 594 - (el 20 3.46 0.358
Greenness Greenness
SPAD
value) value)
AU 5, 124 ) AL 5.81 0472
DF DF
G s [BT3)
; das s -1.18 - ; KW 6.46 0.457
DM DM
Gb s -0.08 - G kb 7.25 2.99
HD HD
Sy 051 ) S - -
RWC RWC
S Slgome S0 Slgeee
il 0.27 - b 345 0.187
Kernel oil Kernel oil
content content

«8D, em) bl ks (PL, €M) S s Jsb (LW, €M) Sy 550 o(LL, €M) S, sk (LN) S slaws «(PH, CM) w5, ¢l

(RWC, %) &, o1 i sl e (HD, €M) 3 L3 (DM, day) Sa, b 55, (DF, day) sulS 6 55, (del 308) Ko 5o

(Kernel yield, gr) «is > Skes 5 (Kernel oil content, %) <is 25, s

Plant height (PH, cm), Number of leaves (LN), Leaf length (LL, cm), Leaf width (LW, cm), Petiole length (PL,
cm), Stem diameter (SD, cm), Greenness (SPAD value), Days to flowering (DF, day), Days to maturity (DM,
day), Head diameter (HD, cm), Relative water content (RWC, %), Kernel oil content (%), and Kernel yield (gr)
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Gl S S sl L Slis w3 | s
— el patlE 93 3 (AG) Lartli b 5l i o
e 5 83 s (Sl ko 33 s 5 I
G (S 55 Ll 2 s Sl i 3 (el 30)
Syt emmen (N U)o ol Jg il
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Table 6. Relative efficiency of indirect selection compared to direct selection for Kernel yield through
investigated traits in oilseed sunflower under normal and drought stress conditions

Lol Greenness Kernel
S PH LN LL LW PL (SPAD DF DM HD RWC oil
Conditions value) content

Jb 5
0.5 2.3 4.3 7 8.2 1.9 2.1 14 102.1 - 0.7

Normal
Drought -0.18 -050 -0.51 -0.51 -0.51 -3.95 -051 -346 -05 -0.32 0.051

stress

S 8D, CM) Bl 3 «(PL, €M) S s b (LW, €M) S, 50 (LL, €M) S, I3k (LN) S, sl «(PH, M) w5 ¢ )
s 25, s (RWC %) S ) Ul i glse «(HD, €M) 5 ks «DM, day) Saw, b 55, «DF, day) 86 55, «SPAD value)
(Kernel Yield, gr) «is s s (Kernel oil content, %)

Plant height (PH, cm); Number of leaves (LN); Leaf length (LL, cm); Leaf width (LW, cm); Petiole length (PL,
cm); Stem diameter (SD, cm); Greenness (SPAD value); Days to flowering (DF, day); Days to maturity (DM,
day); Head diameter (HD, cm); Relative water content (RWC, %); Kernel oil content (%), and Kernel yield (gr)
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Table 7. Coefficients of each of the examined traits in the selection indices in normal and drought stress
conditions in oilseed sunflower genotypes

Jb 5 Lyl 2 S S-E g Ce S -
Normal conditions Drought stress conditions

o e e L L
. _ % L - | _ i o> Bt
Characters oo Sy - o — = _
Iy Joes Ol o Jpea S Ol =
Smith- Pesek-  Robinson  Brim o _ Robinson  Brim
Hazel Baker index index S|_|rr;|zt:| Féejlfle(r index index
index index . -
index index
(e J“”'L“)_ “x (8] 0.620 -0.087 -0.053 1 0.670  -0.553 -0.084 1
Plant height (cm)
S 3l 1.377 3.156 0.434 1 -0.352  -1.054 0.002 1
Number of leaf
o) S sk -4.338 -0.789 -3.667 1 -5.461  -0.767 -0.458 1
Leaf length (cm)
() S22 3934 1073 3952 1 3692 3329 0.123 1
Leaf weight (cm)
~ ) S s U
(e -1.008 6.084 0.258 1 0.020 -1.123 0.245 1
Petiole length (cm)
(e 6““'_“) Sl ks 3.653 -11.095 0.845 1 14105  3.966 1.941 1
Stem diameter (cm)
(Aol 508) (S 5o
Greenness (SPAD 0.111 -0.129 0.281 1 0.616 0.538 -0.153 1
value)
Gao) g‘*v\g G s
Day to flowering -0.420 7.601 0.463 1 0.650 -1.147 -0.205 1
(day)
Gas) Sdes b5
Day to maturity 2.813 -8.001 0.529 1 0.301 1.646 -0.100 1
(day)
(’:ﬁ“’ﬂ_b) e -0.315 -0.780 0.227 1 1.864 3.505 -0.059 1
Head diameter (cm)
gfj.z g_JT L;...v_u é‘f’u
(Ao s3) -0.594 -3.400 0.256 1 -0.603  -0.718 -0.163 1
RWC (%)
als o5, Sl
(Le ) 2.164 -0.502 0.745 1 1.389 0.518 -0.028 1
Kernel oil content
(%)
(p5) 2 5o 0.659 -0.487 0.318 1 1408 -2.828  -0.014 1

Kernel yield (gr)

A



VEr /Y ol /WY W/ el S sl e

GE P A Oy ald S S Dls 5 Shas
B-FIPOPB ; H100A/LC1064 H209A/83HR4 ; .
sl 5 3VE VY VA S s C e s Shes b
S Rl s Jeole il el fseme 5
Sl ol Sl atle Oyl 5 p patls 5
o2l 53l el s S glacs 55 S
a5 53 3 S Ul ag, 5=  ENSAT-254 3 553
il 55 s Slas i 518y

PN RS e P e S
oot Sosn parla b5 5 Slee i 5| ENSAT-254
Sl argbog Jp o8 Lo 10 5
(AG) Jasls G b 31 ko a (sl ) 30 233
oo (BH) Gasle a gl Sl s e
2 Sy oo Che gl Vit oo edalis
o dl s bl s e Cod J e - el a2
—p 5o S ee b cdo pl VL e by 5 (SO
2SS Jpam ol 5 o et G W 1S
sl 5 up parls 53 cails 3 Shee ol
Ll 53 a8 ot lh ipd 0 O pme 5 D
> 8 b (Soar (i A5 Bl 3 s a5 b
Hashemzehi et ) 55 o 5 e < sllas (L azils olS
e w5 jetls Jose 5l s (al, 2013
S VL L L obasl e of Sl eslinal jaxls
VWoo Sas b glacs sy obtl 4 e 2ol o
GV (Saer 5525 S 3 Ll cpl 3 S
s 33w 0553 YU gl e > Shas L et L
b by dayl o ol s (255 b avglis 5o artls
oLy 93 5o (S A5l h 50 5 0 sy et
o= Csanl 2L b a5 Som S 5 05l
0L (it bome oolls 5 5 n el oS o s
Yo g pbcily 5 Slio o VW (Soees Ly,
Dl Jeol (Sns b oamlie 53wl sba Sns
.(Falconer and Mackay, 1996)

4

A S 5 S B85 T0 Ol el Lyl h S
G510 Ol 2t a5l s #5010 o Shes
e o2l S G BT S S e
L2y Fp dop —Coel pazla B S5l G5 W
5 SF092 ENSAT-254 345 aw (4 Jsix)
o Jps —Caand Laxli i 5« ENSAT-270
s 8ee I 5 ciia (KAl o e Log
5 SDR19 ENSAT-254 ;5 e (& i) dizils
WAE e i e satls 5l S BAS4/03
dadls s Shas B 5115 53 5 Ll K4S, S e
NSF- 55 4w Sm Ky o la L 514 i)
S s 1009370-3(100K) s NS-R5 (1A4R5
43y 03 o e o Shes Bl e 55 ol LS L5
iy el 514 Jpde) dizdls S 5AA 5110
35 BA54/03 5 SFO92 ENSAT-254 5, 355 au
Sl (G4 b e s Sas Bl s 55
53 Sl gl elal g semmn 55 (4 sdr) s 3
Sl dpa —Caadl 5 @ el 55 Jb i Ll 2
A Gl s Xee 5 GlacS S5 S Sl e
568 e i 1 Ul a5, ENSAT-254 s 55

2l ) 4, 5o Shas
S S G 5 Y0 Ole Sl (S (15 8 e
Vgl s Sl 85 A o S B3
A GE S 5 S Sy e B S S 55
Iy ol st B0 51 G0 535 S 5 e et
Al S s e O Jodr) B oLl 5
5 LP-SCYB ENSAT-254 tJ58 —opand _asli
s Shas 5 LAY 54) EY a5, Lo e 12AASB3
s ENSAT-699 ENSAT-254 555 aw .axils
VIV Y 4, P e e el B 51 SDBL
ol B Sl sl olantl s s Ses L)
1009329.2(100K) PAC2 5 s 55 av oSy
S 5 AE 540 A4 as, S 4 H250A/83HR4



o5l %95 9 S

e Ol KT s 3 Shas 5 e g S la 2 la S oL

o5 s dbe s kil s 5 AG Pb@}jl&ﬁ@&@?ngH ol Gob sl ol L8 A Jsas

sl Q\;ﬁ\;ﬂ sl sl s Ses
Table 8. Efficiency of selection through index (AH) and response of traits to selection through index (AG) in
normal and drought stress conditions in oilseed sunflower genotypes

AG
Lls el Greenness Kernel |
Conditions Indx PH LN LL LW PL SD (SPAD DF DM HD RWC oil ' & AH
value) content Y
Jui  SH 15261 1.857 1.781 1929 0833 0483 0814 3108 4991 1517 | 10 1696 15.480 42715
Normal B 13692 1468 1695 1867 0.843 0487 0801 2508 4.004 1.473 | ~.. 1312 15758 44.841
PB 0759 0.138 0.114 0.121 0.070 0.037 0.172 0.187 0.245 0.115 0.254 0.186 0.909 -0.034
R 8481 1269 1.190 1.612 0.703 0417 1117 2409 3326 1315 ., 1032 18.429 0.0409
S5 85 SH11573 1480 0.636 0.740 0.422 0.283 1577  2.680 3.714 0526 o 2491 -1.316 25.997
Drought 7.101 1.223 0.392 0.378 0.333 0.159 1.070 1.745 2.187 0.004 , ... 1.327 -2.098 11.966
stress 1.856

PB  0.846 0.212 0.127 0.121 0.067 0.037 0.252 0.240 0.298 0.11 0.448 0.287 0576 -0.309
R -7.993 -L40L § 115 0120 0910 0.007 169 02 2013 0512 1633 -0.428 3.022 00130

PH, ) « 5 gl ioliv «PB) S = Koy (R Gpmisls 4B o 4S-H) Jjon — el tla st s (D) (2 25 «(N) Jle 15l

5 Al 308) Ko «SD, M) Gl s «(PL, €M) & s Jsb (LW, €M) S, 56 «LL, €M) S, Jsb «(LN) S, slas «€M

Kernel 0il ) <is 25, gl ss «(RWC, %) ST s gl yme «HD, €M) b s «DM, day) S, b 55, «DF, day) a8t
(Kernel yield, gr) : Sl 5 (content, %

Treatment: Normal (N); Drought stress (D); Seletion indices: Smith-Hazel (S-H); Brim (Bi); Robinson (R);
Pasek Baker (PB); Characters: Plant height (PH, cm); Number of leaves (LN); Leaf length (LL, cm); Leaf width
(LW, cm); Petiole length (PL, cm); Stem diameter (SD, cm); Greenness (SPAD value); Days to flowering (DF,

day); Days to maturity (DM, day); Head diameter (HD, cm); Relative water content (RWC, %); Kernel oil

content (%), and Kernel yield (gr)

b Lyl i cos 0l Kol Slacs 55 s anly la el ple 5 bl gla e ls o Shae slie -4 Jsus
Table 9. The value of yield, selection indices and other parameters in oilseed sunflower genotypes under normal

conditions
s 5 95 Tl S, Se e 4 45 s
23) S <)) i <)) = T el &) Sls &)
Row Genotype e Rank Brim Rank Pesek- Rank Robinson Rank Kernel Rank
Smith- index Baker index ield
- yie
Hazel index index
1 H100A/83HR4 434,777 59 540.807 74 -403.28 46 170669 70 4449 41
2 H209A/LC1064 466.477 11 587225 29 -39155 28 181.886 23 5287 22
3 H205A/H543R 422.82 79 535915 79 -419.83 68 170.763 67 2731 78
4 AS5306 470.158 9 589499 25 -369.74 12 179.076 35 5477 17
5 RHAB858 462.507 17 599.315 14  -402.38 44 179.812 32 5392 19
6 H209A/83HR4 423.808 75 538.092 75 42945 79 171165 66 3522 61
7 As3211 453.347 29 617.864 7 -420.21 69 173498 53 4766 34
8 ENSAT-254 576.224 1 724309 1 -508.78 100 214.867 1 9863 1
9 AS5304 447.607 39 566.198 45 -426.21 73 182.444 21 4338 44
10 1009329/2 (100K) 424.933 72 531543 82 -38443 22 170639 71 2798 75
11 ENSAT-270 505.542 3 62268 6 -47447 98 183.286 20 4551 39
12 AS613 437.82 53 557.9 56 -424.25 72 181477 26 48.09 33
13 A-FLPOPA 461.934 18 584704 31  -357.59 8 179.727 33 3937 51
14 OES 463.727 14 566.843 43 -385.02 23 180.689 29 50.08 29
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Table 9. Continued

: 5 “eel S, A S S 5 5
3 S0 D) poge D) = SR P ) Lls )
Row Genotype Jpn Rank Brim Rank Pesek-  Rank Robinson Rank Kernel Rank

: . Baker - ;
Smith- index . index yield
Hazel index index

15 H100A/LC1064 429.556 63 543.677 68 -406.05 48 173979 51 4732 35

16 RHA266 436.115 57 579.616 34 -436.65 87 173471 54 3413 62

17 PAC2 404.639 96 513.154 96 -427.78 75 153.154 99 17.15 96

18 H157/LC1064 453.167 30 598.833 15 -397.94 39 184.44 17 5281 23

19 55DES20QR 452.977 31 569.156 39 -426.31 74 178732 36 4044 50

20 15038 444.405 45 558.849 55 -386.61 24 177899 40 1914 94

21 1009337(100K) 427.457 69 530432 85 -374.59 17 169.85 74 1376 99

22 AS3232 483.364 6 614385 8 -398.01 40 192.114 6 62.69 12

23 12AASB3 436.797 56 578.397 36 -428.29 77 172047 59 2862 73

24 8ASB2 445,244 42 579.136 35 -462.09 96 190.54 9 85.82 3

25 9CSA3 423.217 76 514.857 94 -382.43 21 161396 97 1790 95

26 H049+FSB 456.367 26 611541 10 -339.48 4 197.745 4 64.70 10

27 SSD-580 449.785 36 556.092 60 -397.46 38 177.418 43 4232 48

*

28 AS'SFFll’IAAzz*Fg’;‘S' 427972 68 552077 63 -461.31 95 171792 61 37.96 55

29 7CR1=PRH6 422514 80 537.273 77 -415.43 60 172.798 56 4281 47

30 ENSAT-699 463.074 16 596.021 17 -415.98 62 182202 22 4839 31

31 SSD-581 450.049 34 562.013 50 -369.6 11 177.36 44  46.14 37

32 TMB-51 440.171 49 568.202 40 -399.19 41 175646 46 36.92 58

33 12*11 Iran 449.802 35 589974 24 -409.86 53 180.255 31 6139 14

34 Iran 110 444.024 46 591.443 22 -495.96 99 188.744 12 6366 11

35 H603R 414,94 84 530.492 84 -372.19 14 166.655 83 26.58 83

36 Iran 4 437.754 54 542335 70 -386.62 25 167.423 80 2716 79

37 703-CHLORINA 429.152 66 533.88 81 -449.93 94 165.317 85 2475 85

38 NSF1-A4R5 438.548 51 588.895 28 -299.59 1 173.421 55 47.04 36

39 Iran 28 433.277 60 554.871 61 -439.06 88 172616 57 50.16 28

40 Iran 30 459,512 22 591887 21 -415.43 61 170405 73 4825 32

41 F1250/03 476.408 7 628669 5 -414.76 58 189.116 11 76.68 5

42 SDR18 402.023 97 506.58 98 -444.98 93 161.789 95 17.03 97

43 LP-SCYB 465.645 12 591.895 20 -440.37 90 181646 24 6168 13

44 803-1 451.878 33 565932 46 -367.23 10 170.723 69 3240 67

45 1009370-1(100K) 446.717 40 580.817 33 -403.8 47 175484 47 5472 18

46 CSWW2S 438.548 52 561.797 52 -395.02 34 165291 86 31.72 69

47 1009370-3(100K) 461.122 20 575879 37 -338.78 3 189.636 10 24.03 88

48 H158A/H543R 460.827 21 597.729 16 -380.89 20 190.896 8 66.01 7

49 H100A 463.738 13 613.879 9 -391.9 29 186.924 15 73.75 6

50 15031 418.474 82 54083 73 -354.56 6 161.61 96 19.38 93

51 H250A/83HR4 446.322 41 561.923 51 -429.86 80 186.313 16 5765 15

52 RHA265 414,512 86 530.38 86 -409.86 54 164122 89 3581 60

53 PM1-3 444,011 47 567.748 41 -347.51 5 170.761 68 2470 86

54 RT948 439.606 50 559436 54 -392 30 167.957 79 29.74 72

55 ENSAT-283 429,517 64 556.569 58 -372.49 15 177.865 41 4288 45

56 QHP-1 429.259 65 556.118 59 -443.85 92 176.348 45 4525 40

57 SDR19 491.443 4 657.251 2 -389.99 27 192.437 5 85.58 4

58 HA337B 458.82 24 599.496 13 -411.03 56 187509 14 51.76 26

59 H100B 381.66 100 473.771 100 -428.69 78 151598 100 12.66 100

60 B454/03 488.083 5 646.445 3 -356.34 7 198.892 3 90.65 2

61 HA304 448.832 37 586.632 30 -410.75 b5 179.653 34 4354 43

62 RT931 456.112 27 594389 19 -377.31 18 177606 42 5237 24

63 HA335B 424.875 73 567.509 42 -430.93 83 168531 76 4288 46

64 NS-B5 409.229 93 b511.219 97 -423.57 70 162557 92 2859 74

65 SDB3 414.618 85 515.653 92 -428.09 76 165.006 88 20.19 92

66 LC1064C 475,573 8 589.422 26 -373.81 16 172192 58 24.68 87

67 NS-R5 455,529 28 589.179 27 -318.68 2 187533 13 5747 16

68 DM-2 461.683 19 590.817 23 -379.07 19 183794 18 65.30 9

69 H156A/RHA274 424,134 74 541842 71 -392.29 31 162416 93 23.04 89

VA
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) ) ) ) poge ) o it RS O gl 5 ) Sls 0
Row Genotype Jpn Rank Brim Rank Pesek-  Rank Robinson Rank Kernel Rank
Smith- index Baker index yield
Hazel index index

70 SDB1 452.405 32 603.228 12 -400.68 43 178516 37 5202 25
71 HAR-4 389.827 99 493.262 99 -441.8 91 154038 98 2238 90
72 AS5305 411.842 89 513.708 95 -432.32 85 162.128 94 2141 91
73 RHA274 430.626 61 549.567 65 -396.6 35 169524 75 46.10 38
74 H158A/H543R 435881 58 553.66 62 -393.13 32 165135 87 26.92 81
75 H100A/RHA274 423.073 77 535.054 80 -432.21 84 173613 52 3762 57
76 H209A/H566R 444779 44 566298 44  -396.99 37 183462 19 4898 30
77 ASO-1-POP-A 422916 78 542931 69 -436.17 86 178.024 39 2985 71
78 AS6305 391.782 98 518777 90 -419.17 67 163.003 90 2506 84
79 B-FIPOPB 415.274 83 530.834 83 -418.99 66 171494 63 27.71 76
80 D34 457.424 25 564.523 47 -371.63 13 180.934 28 37.71 56
81 CAY 469.379 10 604396 11 -406.36 50 180.294 30 38.02 54
82 Iran346 405.857 95 515455 93  -46431 97 16726 81 3268 66
83 NS-F1-A5*R5 412.854 88 537.285 76 -416.71 63 168.38 77 3597 59
84 Iran 36 411746 90 547836 66 -429.96 81 170562 72 50.23 27
85 Iran 38 407949 94 536259 78 -396.79 36 168198 78 3393 64
86 SDB2 447.914 38 569.766 38 -418.41 64 181.134 27 40.68 49
87 H158A/LC1064 440.326 48 549.745 64 -362.24 9 175.262 48 2734 77
88 H156A/H543R 418,709 81 525956 88 -430.12 82 166.246 84 2681 82
89 H543R/H543R 426.852 71 517427 91 -400.29 42 167.071 82 16.60 98
90 H543R 410.405 91 526.197 87 -403.06 45 171.274 65 4385 42
91 SF076 463.713 15 58182 32 -394.81 33  191.156 7 5296 21
92 B-FIPOPB 44487 43 562.143 49 -423.96 71 174285 49 3840 53
93 SF085 413.443 87 546.246 67 -439.1 89 171339 64 3191 68
94 SF092 507.734 2 634357 4 -414.44 57 200.871 2 65.48 8
95 CONTROLAPLASTIPIC 459.018 23 595685 18 -389.91 26 181563 25 53.75 20
96 Iran 59-1 428.044 67 541439 72 -407.32 52 162.896 91 27.12 80
97 H100A-90RLS8 429.935 62 564.006 48 -415.21 59 173988 50 3380 65
98 SF109 437.585 55 560.405 53 -418.92 65 178217 38 39.08 52
99 SF105 427.136 70 557.162 57 -406.28 49 171.7 62 3410 63
100 SF023 409.282 92 521.205 89 -406.64 51 171.92 60 3137 70

NSG 16 6 15 15 25

re) 0.026 0.028 0.1 0.036

RHi 0.88 0.82 0.01 0.004

RE 1.54 1.56 0.1 1.83

%CV 6.21 6.67 8.25- 5.96

(e@n) S sasle 5 (V) s Shee (o555 5500 o (Soses a5 {INGS) 5 Shas 5 28 (oLt bl 5 slac o5 sl
OS5 HRE) () 5 Shas 6l pdiie (52058 L gl 53 et li ol 35w ((RHID) (30l 2550 5 (i 8 et (Soen
CVI) b axls ¢l s
NSG: Number of superior genotypes based on both selection index and kernel yield; rG(A)I: Correlation

coefficient between genotypic value of kernel yield (Y) and selection index; RHi: Correlation between selection
index and breeding value; RE: Relative efficiency of index compared with direct selection for kernel yield (Y).

\Al
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Table 10. The value of yield, selection indices and other parameters in oilseed sunflower genotypes under
drought stress conditions

ol ool
i3, 3 s ) o 45 g SO e, M0 Ll 4D
Row Genotype Smi;h- Rank Brim Rank PeseL- Rank Robinson Rank Kernel Rank
Hazel index Baker index yield
index index
1 H100A/83HR4 197.08 70 50159 57 -40.26 41 -45.57 24 1862 65
2 H209A/LC1064 18799 85 52374 18 -81.38 94 -47.24 62 38.09 3
3 H205A/H543R 201.25 50 518.73 27 -53.06 61 -49.11 94 2129 52
4 AS5306 202.74 45 51287 37 -5140 58 -47.58 67 2739 23
5 RHAB858 207.28 32 53081 11 -69.71 87 -46.81 52 3257 7
6 H209A/83HR4 18455 93 45185 99 -16.21 13 -41.96 1 1421 78
7 As3211 200.63 55 500.80 60 -68.46 85 -45.80 29 2237 46
8 ENSAT-254 24666 1 58333 1 -5326 62 -50.32 100 2340 42
9 AS5304 218.34 13 50229 55 -1820 16 -47.97 77 1442 76
10 1009329/2 (100K) 21148 22 47484 91 184 2 -44.79 13 1111 95
11 ENSAT-270 22055 10 54592 4 -49.04 52 -49.03 92 2601 30
12 AS613 20461 38 506.61 50 -5257 59 -46.11 37 2567 31
13 A-FLPOPA 22417 6 53697 6 -66.37 81 -48.34 83 2126 53
14 OES 200.36 57 49299 73 -3443 31 -45.73 27 2343 41
15 H100A/LC1064 197.83 64 489.64 80 -5490 64 -42.42 2 2829 21
16 RHA266 202.04 49 53112 10 -86.20 97 -46.80 51 33.07 6
17 PAC2 18451 94 44122 100 7.44 1 -43.56 6 8.94 99
18 H157/LC1064 206.38 35 49057 78 -22.76 19 -44.94 16 1739 69
19 55DES20QR 200.69 54 479.17 88 -2751 21 -45.60 25 19.26 63
20 15038 226.15 5 51558 33 -30.88 27 -48.70 90 1125 93
21 1009337(100K) 209.42 27 496.85 66 -1543 10 -48.77 91 8.80 100
22 AS3232 208.01 30 526.72 14 -72.88 89 -45.27 20 34.19 5
23 12AASB3 229.08 3 51928 26 -3468 32 -47.85 73 1352 83
24 8ASB2 189.18 82 49278 74 -74.89 90 -43.50 5 31.75 8
25 9CSA3 184.60 92 502.08 56 -66.18 80 -46.62 46 2869 18
26 H049+FSB 203.37 43 52251 20 -60.81 76 -47.24 63 29.66 13
27 SSD-580 21047 26 49171 76 -2539 20 -45.92 31 1637 72
28 AS-F1/A2*R5AS-5F1/A2*R2 204.13 40 484.10 82 -1584 12 -46.55 44 1277 88
29 7CR1=PRH6 186.66 90 469.61 94 -16.98 14 -45.04 18 1639 71
30 ENSAT-699 21772 15 54887 2 -81.34 93 -49.07 93 2987 12
31 SSD-581 201.19 51 53242 8 -59.74 71 -50.18 99 2196 48
32 TMB-51 202.49 47 511.70 41 -4381 43 -48.34 84 2020 56
33 12*11 Iran 19459 75 504.19 52 -60.66 75 -44.89 15 28.03 22
34 Iran 110 211.30 23 51093 42 -3950 40 -45.97 33 2267 45
35 H603R 182.97 97 520.11 24 -95.02 98 -45.39 22 40.78 2
36 Iran 4 218.06 14 509.37 46 -2047 17 -48.16 79 1094 97
37 703-CHLORINA 203.00 44 501.25 58 -53.01 60 -46.27 40 2389 39
38 NSF1-A4R5 22048 11 53484 7 -7094 88 -46.82 53 2843 20
39 Iran 28 197.09 69 529.84 12 -8438 95 -46.27 41 3134 10
40 Iran 30 21505 18 51587 31 -40.85 42 -48.63 88 1930 62
41 F1250/03 21175 21 52296 19 -62.70 77 -47.61 69 2466 35
42 SDR18 196.13 72 473.03 93 -10.95 4 -45.34 21 1376 81
43 LP-SCYB 229.34 2 50077 61 -13.27 7 -47.18 58 1183 91
44 803-1 21351 20 51493 34 -38.19 36 -47.83 72 1945 61
45 1009370-1(100K) 20691 33 517.28 28 -4573 47 -47.95 75 23.67 40
46 CSWW2s 207.66 31 503.80 54 -3590 34 -47.23 60 20.18 57
47 1009370-3(100K) 20442 39 51191 40 -60.09 73 -46.96 56 1946 60
48 H158A/H543R 226.76 4 488.83 81 -13.21 6 -44.99 17 1376 82
49 H100A 206.32 36 539.70 5 -7781 92 -48.09 78 2938 14
50 15031 19193 78 492.02 75 -2822 22 -47.23 61 1252 89
51 H250A/83HR4 200.86 53 46259 96 -0.74 3 -45.16 19 13.10 84
52 RHA265 204.11 41 51666 29 -5543 65 -47.55 66 1652 70
53 PM1-3 183.89 96 508.84 48 -5090 72 -46.76 50 2847 19
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Table 10. Continued
ol sl
. . ‘ kJ.A}LZ Cf*’"i u..a;—Ll Jﬂ.«.&
—3, (NS 3] s, LB Wy oyl p) $ls LB
J; ~r O gl
Row Genotype Smﬁ- Rank Brim Rank P;—s{e‘;.(- Rank Robinson Rank Kernel Rank
Hazel index Baker index yield
index index
54 RT948 21853 12 51650 30 -3857 37 -47.59 68 13.80 80
55 ENSAT-283 19754 65 49533 70 -51.08 57 -45.74 28 2540 33
56 QHP-1 19257 77 480.04 86 -29.96 23 -45.94 32 1924 64
57 SDR19 206.75 34 52059 23 -60.36 74 -47.69 70 2876 16
58 HA337B 197.15 68 52190 22 -66.56 82 -48.58 87 2685 24
59 H100B 178.11 99 458.93 97 -30.23 24 -44.62 11  15.02 74
60 B454/03 195.26 74 509.19 47 -58.08 68 -47.69 71 2465 36
61 HA304 202.65 46 525.16 16 -68.07 84 -48.64 89 26.33 28
62 RT931 198.78 62 51054 44 -56.89 66 -46.66 49 2638 27
63 HA335B 199.01 61 51257 38 -5359 63 -49.26 96 20.17 58
64 NS-B5 192.77 76 48131 84 -11.85 5 -48.43 86 11.17 94
65 SDB3 201.16 52 47830 89 -15.79 11 -45.64 26 11.01 96
66 LC1064C 206.13 37 53230 9 -63.12 79 -49.26 97 2559 32
67 NS-R5 190.18 80 51571 32 -8556 96 -46.19 38 3106 11
68 DM-2 195.42 73 513.45 35 -59.06 70 -46.98 57 2871 17
69 H156 A/RHA274 216.57 16 522.28 21 -44.06 45 -48.27 82 1197 90
70 SDB1 22266 7 54734 3 -9539 99 -46.44 42 3173 9
71 HAR-4 179.76 98 45858 98 -17.01 15 -44.64 12 1389 79
72 AS5305 22250 8 49783 65 -3212 29 -46.65 48 13.07 85
73 RHA274 199.51 58 51055 43 -6298 78 -46.22 39 2669 25
74 H158A/H543R 21594 17 503.86 53 -30.68 26 -48.26 81 1291 86
75 H100A/RHA274 187.99 86 47476 92 -47.43 51 -43.47 4 23.09 44
76 H209A/H566R 202.16 48 51229 39 -57.17 67 -46.09 36 2890 15
77 ASO-1-POP-A 189.00 83 501.00 59 -58.73 69 -46.63 47 26.64 26
78 AS6305 187.70 87 464.10 95 -13.46 8 -44.86 14 1133 92
79 B-FIPOPB 186.83 89 481.05 85 -68.87 86 -42.61 3 2540 34
80 D34 211.13 24 491.24 77 -30.24 25 -44.38 10 1499 75
81 CAY 22224 9 500.22 62 -15.16 9 -46.58 45 1583 73
82 Iran346 196.36 71 483.26 83 -3549 33 -45.42 23 2076 55
83 NS-F1-A5*R5 19752 66 479.79 87 -32.08 28 -44.33 8 18.15 66
84 Iran 36 156.28 100 513.28 36 -98.59 100 -46.95 55 43.20 1
85 Iran 38 189.36 81 49446 71 -49.99 55 -45.80 30 2456 37
86 SDB2 199.42 60 527.48 13 -76.82 91 -46.45 43  35.13 4
87 H158A/LC1064 197.28 67 509.67 45 -46.67 48 -47.53 65 18.11 67
88 H156A/H543R 190.61 79 496.08 69 -38.09 35 -49.12 95 12.87 87
89 H543R/H543R 198.25 63 496.49 67 -38.58 38 -48.24 80 1049 98
90 H543R 188.93 84 47656 90 -43.85 44 -43.65 7 2093 54
91 SF076 209.09 29 51952 25 -47.10 50 -47.95 76 22.06 47
92 B-FIPOPB 199.46 59 490.53 79 -44.64 46 -44.35 9 21.67 51
93 SF085 186.98 88 498.21 63 -38.97 39 -47.92 74 1991 59
94 SF092 210.80 25 525.32 15 -50.40 56 -49.78 98 23.23 43
95 A-CONTROLPLASTIPIC 203.57 42 52418 17 -67.05 83 -48.42 85 26.24 29
96 Iran 59-1 209.33 28 506.26 51 -33.84 30 -46.85 54 1765 68
97 H100A-90RL8 21448 19 496.35 68 -21.61 18 -47.19 59 1433 77
98 SF109 185.19 91 493.17 72 -49.12 53 -46.04 34 2451 38
99 SF105 200.47 56 507.86 49 -46.84 49 -47.45 64 21.68 50
100 SF023 18390 95 498.05 64 -49.98 54 -46.04 35 2182 49
NSG 1 2 10 3 25
re) - - -0.591 -
RHi 1.10 0.55 0.033 0.02
RE -557.67 889.23 244.32 1280.93
%CV 6.70 451 -49.15 -3.68

S patts s (V) s Slas 5535 250l o (Soad 58 ANGS) wils s Shos 5 2 8 sl alal 5 laci 55 ol
(RE) (Y) €3 5 ,Shas 51 peditos (2058 b angliio 53 st li o 3 5 «(RHI) (30l 2550 5 i3S Gatls (n (Soes (T(a))
QOCVI) s asls (gl s 5 Sl i o
NSG: Number of superior genotypes based on both selection index and kernel yield; rG(A)I: Correlation

coefficient between genotypic value of kernel yield (Y) and selection index; RHi: Correlation between selection
index and breeding value; RE: Relative efficiency of index compared with direct selection for kernel yield (Y).
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