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ABSTRACT

To study genetic diversity of some agronomic traits and the effect of salt stress on these characters, 100 oily
sunflower inbred lines coming from different regions of world was investigated under normal and salt (8 dS/m) stress
conditions with randomized complete block design with three replications outside the greenhouse in an open air area.
Analysis of variance showed significant differences among lines for all studied traits, indicating the existence of
genetic variation among genotypes. The highest coefficient of genetic variation was observed for head dried weight,
seed yield per plant and the lowest one for days to flowering in both stressed and non-stressed conditions. The results
of correlation analysis revealed significant and positive correlation between seed yield per plant with most of the
studied traits in both stressed conditions. Stepwise regression analysis revealed that under salt stress conditions, 40.3
percent of seed yield per plant variation was determined by head diameter, 100 seed weight, bottom leaf length, leaf
number, bottom petiole length, upper leaf width and chlorophyll rate and in normal conditions, 30.3 of seed yield per
plant variation was explained by head diameter, 100 seed weight and plant height. Cluster analysis grouped lines into
6 clusters in normal and 5 clusters in salt stress conditions but the distribution of lines within groups were different
depending to stress environments that present the genetic variability for salt tolerance in sunflower lines. Lines 6, 11,
13 and 70 had the highest yield per plant under normal and salt stress conditions.
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Table 1. Characteristics of oily sunflower lines studied under normal and salt stress conditions

Research center Country Line Code Research center Country Line Code
ASGROW France RHA265 51 ASGROW France H100A/83HR4 1
USDA USA PM1-3 52 ASGROW France H209A/LC1064 2
RUSTICA France RT948 53 ASGROW France H205A/H543R 3
- - 283-ENSAT 54 ENSAT France AS5306 4
INRAMONT France QHP-1 55 USDA USA RHAB858 5
USDA USA SDR19 56 ASGROW France H209A/83HR4 6
USDA USA HA337B 57 ENSAT France as3211 7
ASGROW France H100B 58 ENSAT France 254-ENSAT 8
- Hungary B454/03 59 ASGROW France AS5304 9
USDA USA HA304 60 ENSAT France 1009329.2(100K) 10
RUSTICA France RT931 61 ENSAT France 270-ENSAT 11
USDA USA HA335B 62 ASGROW France AS613 12
NOVARTIS France NS_B5 63 NOVARTIS France A-F1POPA 13
USDA USA SDB3 64 INRAMONT France OES 14
ASGROW France LC1064C 65 ASGROW France H100A/LC1064 15
NOVARTIS France NS-R5 66 USDA USA RHA266 16
USDA USA DM-2 67 ENSAT France PAC2 17
ASGROW France H156A/RHA274 68 ASGROW France H157A/LC1064 18
USDA USA SDB1 69 BRN France 5DES20QR 19
USDA USA HAR-4 70 ENSAT France 1009337(100K) 20
ASGROW France AS5305 71 ENSAT France AS3232 21
USDA USA RHA274 72 ASGROW France 12ASB3 22
ASGROW France H158A/H543R 73  ASGROW France 8ASB2 23
ASGROW France H100A/RHA274 74  Caussade Semence France 9CSA3 24
ASGROW France H209A/H566R 75 - France HO049+FSB 25
ENSAT France ASO-1-POP-A 76  ASGROW France SSD-580 26
ENSAT France AS6305 77 ASGROW France 5AS-F1/A2xR2 27
NOVARTIS France B-F1POPB 78 C.F France 7CR16=PRH6 28
USDA USA D34 79 ENSAT France ENSAT699 29
ENSAT France CAY 80 ASGROW France SSD-581 30
SPII Iran 346 81 INRAMONT France TMB-51 31
NOVARTIS France NS-F1-A5xR5 82 SPII Iran 1-59 32
SPII Iran 36 83 SPII Iran 110 33
SPII Iran 38 84 INRAMONT France H603R 34
INRAMONT France SDB2 85 SPII Iran 4 35
- - H158A/LC1064 86 ENSAT France 703-CHLORINA 36
ASGROW France H156A/H543R 87 NOVARTIS France NSF1-A4xR5 37
ASGROW France H543R/H543R 88 SPII Iran 28 38
- France H543R 89 SPII Iran 30 39
ASGROW France 15038 90 - Hungary F1250/03 40
ENSAT France SF076 91 USDA USA SDR18 41
- - 8AxLC1064C 92 ENSAT France LP-CSYB 42
ENSAT France SF085 93 IFVC Serbia 803-1 43

SF092 94 ENSAT France 1009370-1(100K) 44

HC91 95 Caussade Semences France CSWW2X 45
SPII Iran  1-59 96 ENSAT France 1009370-3(100K) 46

H-100A-90RL8 97 ASGROW France H158A/H543R 47
ENSAT France SF109 98 ASGROW France H100A 48
ENSAT France SF105 99 ASGROW France 15031 49

SF-023 100 ASGROW France H205A/83HR4 50
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Table 2. Analysis of variance for studied characters in oily sunflower lines under normal and salt stress conditions

Source of of Mean of square
variation DF LN SD PH  HD ULL ULW UPL MLL MLW MPL BLL BLW BPL CH HDW GYP 100SW
3alt stress 1 97.2° 87™ 1551° 84334  5.8™ 2.3 10.2™ 0.8™ 17.8" 20.2™ 3.0™ 1.1™ 125™ 59 1.4™ 518 673.9° 5436

3ep (Salt) 4 314™ 136™ 20" 149.8" 7.8% 4.4™ 3.5% 467 1.0° 3.9" 657 26™ 2.7 44" 18757 50.6° 42.8™ 154.2™

_ine 99 124.08™ 38.4™ 83" 70637 7.7744™ 277 217 637 727 497 39" 35 577 250.9" 59.9" 68.1" 4353
_ine x Salt 99 26.91" 58" 20 2856° 3.6™ 28" 2.3 1.0 29" 33° 24" 23" 1.8" 18 1715 225" 341™ 196.7"
=rror 396 17.82 84 21 1449 28 19 187 081 24 29 18 17 19 13 1197 180 296 119.0
Y 126 126 1585 215 153 190 225 135 17.3 19.8 147 226 17.6 248 418 297 304
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ns, *, **: Non significant difference and significantly difference at 5% and 1% probability levels, respectively. Rep: replication, CV: coefficient of
variation, DF: Days to flowering (day), LN: Leaf number, SD: Shoot diameter (mm), PH: Plant height (cm), HD: Head diameter (cm), ULL: Upper leaf
length (cm), ULW: Upper leaf width (cm), UPL: Upper petiole length (cm), MLL: Middle leaf length (cm), MLW: Middle leaf width (cm), MPL:
Middle petioles length (cm), BLL: Bottom leaf length (cm), BLW: Bottom leaf width (cm), BPL: Bottom petiole length (cm), CH: Chlorophyll
(SPAD), HDW: Head dried weight (g), GYP: Grain yield per plant (g), L00SW: One hundred seed weight (g).
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Table 3. Mean of studied characters in oily sunflower lines under normal and salt stress conditions

Conditions DF LN SD PH HD ULL ULW UPL MLL MLW MPL BLL BLW BPL CH HDW GYP 100SW
Normal 80.84 22.89 11.78 79.36 7.89 9.27 7.38 4.1 1168 101 6.79 894 6.32 6.65 43.37 11.36 19.32 0.19
Salt stress 79.83 22.77 11.34 72.07 7.62 8.98 7.07 3.97 1159 9.73 6.63 886 598 6.46 4392 8.82 16.94 0.16

Percentage of reduction ~ 1.25 0.52 3.74" 9.19™ 3.42 3.13 420 3.17 077" 366 2.36 089 538 2.86 -1.27 22.36" 12.32" 15.79
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(o gilw) Sbe S 2 MLW (s gilw) Sbe S Jsb MLL (o glw) oYL S S s Job (UPL (s gile) oYL S, (o,e (ULW
b Sy S e Job BPL (Grole) sl Sy e BLW (ol sl Sy Jeb BLL (o sile) gleo Sy S e Job (MPL

(2)5) &S ao (339 100SW o(p5) s S5 &ils o Shas GYP «(p,5) Gab K5 59 HDW (SPAD) 4w ljes CH (o c5l)

DF: Days to flowering (day), LN: Leaf number, SD: Shoot diameter (mm), PH: Plant height (cm), HD: Head diameter (cm), ULL: Upper leaf length
(cm), ULW: Upper leaf width (cm), UPL: Upper petiole length (cm), MLL: Middle leaf length (cm), MLW: Middle leaf width (cm), MPL: Middle
petioles length (cm), BLL: Bottom leaf length (cm), BLW: Bottom leaf width (cm), BPL: Bottom petiole length (cm), CH: Chlorophyll (SPAD),
HDW: Head dried weight (g), GYP: Grain yield per plant (g), 100SW: One hundred seed weight (g).

Xnormal — Xsait <

Percentage of reduction= 100

Normal
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Table 4. Means, variance components, genetic and phenotypic coefficients of variation and heritability for the studied
characters in oily sunflower lines under normal and salt stress conditions

Phenotypic Genotypic Environmental Phenotypic coefficient Genotypic coefficient -

Characters Mean variar%pe variar)g’e variance o%/ \eariation omariation Heritability

Salt Normal Salt Normal Salt Normal Salt Normal Salt Normal Salt Normal Salt Normal
DF 79.83 80.84 36.12 4123 1794 2378 1818 1745  0.075 0.079 0.053 0.060 0.74+0.04 0.79+0.036
LN 2277 2289 1387 3096 6.09 513 7.78 883 0.163 0.163 0.108 0.099 0.69+£0.05 0.62+0.076
SD 1134 1178 312 342 112 122 200 220 0.153 0.158 0.093 0.094 0.61+0.06 0.61+0.071
PH 72.07 79.36 22745 3179 88.61 114.00 138.8 203.90 0.209 0.224 0.130 0.134 0.64+0.06 0.60+0.079
HD 762 7.89 3.10 519 077 157 233 362 0.230 0.284 0.114 0.157 0.49£0.10 0.55+0.095
ULL 898 9.27 1.86 322 038 072 148 250 0.157 0.193 0.071 0.091 0.424+0.10 0.45+0.110
ULw 7.07 738 1.50 276 012 027 138 249 0.174 0.226 0.049 0.070 0.21+0.15 0.24+0.150
UPL 397 410 1.07 112 037 017 0.7 0.95 0.261 0.261 0.154 0.102 0.60£0.07 0.34+0.140
MLL 1159 1168 257 3.10 043 1.02 2147 2086 0.141 0.150 0.057 0.086 0.374£0.11 0.50+0.100
MLW 9.73 1010 3.01 470 060 107 241 3.63 0.179 0.213 0.079 0.102 0.42+0.10 0.46+0.108
MPL 6.63  6.79 2.35 270 065 084 170 1.86 0.231 0.241 0.122 0.134 0.52+0.09 0.56+0.080
BLL 8.86 8.94 2.07 252 056 058 151 194 0.163 0.177 0.084 0.084 0.51+0.08 0.46+0.100
BLW 598 6.32 1.94 261 019 049 175 212 0.232 0.256 0.072 0.111 0.24+0.13 0.40+0.110
BPL 6.46  6.65 2.10 242 086 095 124 147 0.224 0.231 0.143 0.145 0.66+0.06 0.65+0.068
CH 4392 43.37 11055 204.46 17.93 52.46 92.62 152.00 0.238 0.326 0.095 0.165 0.35£0.11 0.49+0.100
HDW 882 1136 2284 36.45 876 1223 14.08 24.22 0.532 0.510 0.329 0.296 0.64+0.07 0.59+0.100
GYP 16.94 19.32 27.05 59.68 11.70 10.08 1535 49.60  0.309 0.377 0.203 0.155 0.68+0.06 0.37+0.160

100SW 31.90 40.00 2.82 256 168 050 113 2.05 0.052 0.039 0.040 0.017 0.59+0.06 0.19+0.120
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DF: Days to flowering (day), LN: Leaf number, SD: Shoot diameter (mm), PH: Plant height (cm), HD: Head diameter (cm), ULL: Upper leaf length (cm),
ULW: Upper leaf width (cm), UPL: Upper petiole length (cm), MLL: Middle leaf length (cm), MLW: Middle leaf width (cm), MPL: Middle petioles length (cm), BLL:

Bottom leaf length (cm), BLW: Bottom leaf width (cm), BPL: Bottom petiole length (cm), CH: Chlorophyll (SPAD), CDW: Head dried weight (g), GYP: Grain yield per
plant (g), L00SW: One hundred seed weight (g).
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Table 5. Phenotypic and genetic correlation among studied characters in studied oily sunflower lines under normal

conditions

Characters DF LN SD PH HD ULL ULW UPL MLL MLW MPL BLL BLW BPL CH HDW GYP 100SW
DF 1.00" 0.38” 0.33" 0.0™ -0.66~ 0.23° 0.27" -0.10"° 0.35~ 0.35~ 0.15™ 027~ 022 0.9 055  0.06™ 001 -0.20

LN 0.24" 1.007 0557 0.317 0.06™ 0.10" 0.17"° 0.14™ 0.28™ 0.32” 0.24" 0.13" 0.03"° 0.27” 0.18" 0.15™ 0.17% -0.08"
SD 0.08" 0.37” 1.00” 0.48™ 0.45” 0.29” 0.35™ 0.46™ 0.55™ 0.66™ 0.55” 0.59™ 0.64™ 057" 0.27 041" 074" 0.32"
PH -0.05™ 0.29” 0.46” 1.00” 041 0.61” 0.47” 055~ 070 055 0.69” 021" 0.16" 048~ 050 0.22° 095" 0.29”
HD -0.40” 0.117 0457 0557 1.007 0.64” 0.63” 0417 0.347 0.417 1.00 0.03"° 0.05™ 0.14" -0.26™ 058" 051" 0.28”
ULL 0.07™ 0.19° 045~ 0587 0557 1007 0.767 0.45~ 0.84” 0.477 0527 0.17" 023" 0.17" 0.03" 0627 064~ 0227
uLw 0.00 0.23° 048~ 0537 056~ 0.80” 1.007 024" 0.93™ 0.84™ 0527 0.16™ 0.34™ 0.13"° 048~ 0.87" 0.82~ 035~
uPL -0.05™ 0.19" 0.37” 0.52” 0.43” 0.62” 0.65” 1.070 0.53” 0.20" 0.90” 0.26™ 0.13™ 0.67” 0.02" 0.90" 0.67" 0.30”
MLL 0.12" 0.25™ 051 0.58™ 050 0.81” 0.68™ 0.48” 1.00™ 0.78” 0.60” 0.79" 0.84™ 0.47~ 0.17° 055~ 038" 0.5~
MLW 0.11% 0.28™ 055 0.57 055" 0.68” 0.71™ 0.42” 0.83™ 1.00” 0.54” 0.68™ 0.87" 0.46~ 054 041~ 051" 051~
MPL 0.03% 0.24~ 0.46™ 0.59™ 0.94” 0.60” 0.51™ 0.62” 0.63” 0.56™ 1.00” 0.61” 0.54 0.84 0.13° 042 0.20° 0.40~
BLL 0.02% 0.19° 0.45™ 0.42™ 0.42™ 0.42” 0.42” 0.36™ 0.56™ 0.56™ 0.41” 1.00” 0.91 0.69™ 0.14™ 0.32™ 0.49™ 0.04"
BLW -0.03% 0217 0.46” 0397 0417 0327 0427 0327 0417 048" 0347 0777 1.007 0517 023" 011" 1.00 0.04"
BPL 0.00" 0.22° 0.44™ 046~ 0.40” 0317 0.34” 0.38” 045~ 045~ 059 065~ 0.53” 1.00” 0.11" 022" 022" 0.14"
CH 041 0.09" 0,09 0.25™ 0.00™ 0.19" 0.27” 0.175 0.20" 0.26” 0.15™ 0.06" 0.00"° 0.11™ 1.00™ -0.03"° 0.23" -0.15"
HDW 0.11" 020" 0.24" 0357 0427 0337 0327 023" 0327 0357 025~ 0.17" 028" 024" 0.04™ 100" 039~ 051
GYP 0.01"° 0.11™ 0.35™ 0.35™ 0.45” 0.42” 0.30" 0.07™ 0.44™ 0.48™ 0.33” 0.22° 0.25” 0.16™ 0.05™ 0.37” 1.00” 0.33"

100SW _ -0.04™ 0.15™ 0237 0.33” 0427 036 0.33" 0.23° 0437 048" 0.32” 0.18" 0.7  0.25” -0.01" 0.45” 0.35” 1.00
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DF: Days to flowering (day), LN: Leaf number, SD: Shoot diameter (mm), PH: Plant height (cm), HD: Head diameter (cm), ULL: Upper leaf length
(cm), ULW: Upper leaf width (cm), UPL: Upper petiole length (cm), MLL: Middle leaf length (cm), MLW: Middle leaf width (cm), MPL: Middle
petioles length (cm), BLL: Bottom leaf length (cm), BLW: Bottom leaf width (cm), BPL: Bottom petiole length (cm), CH: Chlorophyll (SPAD),

CDW: Head dried weight (g), GYP: Grain yield per plant (g), 100SW: One hundred seed weight (g). Correlation coefficients were significant at P =
0.05 with a value > 0.19; P = 0.01 with a value >0.25.
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Table 6. Phenotypic and genetic correlation among studied characters in oily sunflower lines under salt stress conditions

Characters  DF LN SD PH HD ULL ULW UPL MLL MLW MPL BLL BLW BPL CH HDW GYP 100SW

DF 1.007 0.60° 057 0.14™ -0.48" 0.28” 0.63” 0.26° 055 0.54~ 0.67  0.21" 041" 0.34~ -0.30° 0.25" 0.23° 0.24

LN 0.337 1.007 0.517 0.407 0.14™ 0.03™ 0.337 0.11™ 0.23" 0317 0327 0.07™ 0.05" 0.22° 0.04™ 037 0.41" 0.42
SD 0.287 0387 1.007 0.32” 0.337 0.08™ 0.27" -0.01™ 0.33” 0.49 0.29” 0.35~ 0.40 0.17™ 0.16™ 0.40" 0.65 0.48"
PH 021" 035" 046 1.007 0.8~ 0.01™ 024 0.14™ 0.11™ 0347 0.02" 0.15" 0.06™ 0.28” 0.12" 0.25" 054" 055
HD -0.477 0.09™ 0.36” 0.407 1.007 0.36" 0.60" 0.15" 0.39” 0.297 -0.14™ 0.34” 0.17" 0.05™ 0.05™ 0.49” 0.43~ 0.43"
ULL 021" 0.01™ 0.257 0.307 0.24” 1.00" 0.257 0.49™ 095  0.21° 0.20° 0.58" 0.20° 0.37" -0.62" 0.38” 0.03" 0.33"
ULw 0.22" 0.06™ 0.297 0.31” 0.25~ 0.68" 1.007 0.20° 0.64” 0.81~ 0.37" 0.62" 0.72” 0.55~ -0.35" 0.29” 0.58" 0.59™
UPL 0.21" 0.07™ 0.17" 0.36” 0.21° 0.55" 0.46~ 1.007 0.39” 0.11™ 0.75° 0.15" 0.14™ 0.56" -0.31" 0.20" -0.14™ 0.16™
MLL 0387 0.19" 0.407 0417 0297 0547 040" 0.347 1.007 053~ 0.537 0.53" 0.12" 0.88" 0.82" 0.43~ 0.53" 0.53"
MLW 0317 0.23° 045 0437 0297 027 0437 021" 075 100" 0.58~ 0.14™ -0.01™ 0.04™ 0.36~ -0.12" 0.05" -0.14"
MPL 0397 0200 0.397 046~ 0.22° 0427 035  0.60° 050" 0.44~ 1.007 0.46  0.23° 0.89" -0.40" -0.14™ 0.26" 0.17™
BLL 0.12™ 0.16™ 0.39” 0317 0.23° 0.297 0.23° 0.23" 0.50" 0.06™ 0.38” 1.007 0.92” 0.66~ 0.22" 0.07™ 0.64~ 0.12"
BLW 0.17™ 0.18™ 0.28” 0.24” 0.14™ 0.13™ 0.20" 0.08™ 0.52” -0.02™ 0.31” 0.69" 1.007 054" -0.11™ -0.19" 0.62" 0.60"
BPL 0.19™ 0.19° 0387 040" 020" 030 0.27" 0.36  0.34” -0.03™ 0.61" 0.1~ 042" 1.00" -0.15™ 0.11"™ 0.13" -0.24"
CH 0.03™ 0.02™ 0.257 0.26” 0.13" 0.06™ 0.14™ 0.00™ -0.47" -0.02" 0.12™ 0.14™ 0.13" 0.13" 1.007 0.07" 0.53" 0.21
HDW 0.15™ 0.16™ 0.34” 0.357 0.34” 0.18™ 0.15™ 0.04™ 0.317 -0.05™ 0.16™ 0.16™ 0.12" 0.22° 0.21" 1.007 047 041"
GYP 0.09™ 025 0.437 045~ 048~ 0.09™ 0.20° 0.07™ 0.30" -0.10™ 0.15™ 0.26" 0.21" 0.22° 0.29” 0.45 100" 0.38”

100SW __ 0.10™ 0.257 0.36" 0.467 048~ 0.20° 0.20" 0.07™ 0.307 -0.07™ 0.27” 0.16™ 0.21" 0.05™ 0.07™ 0.38” 0.25~ 1.00
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DF: Days to flowering (day), LN: Leaf number, SD: Shoot diameter (mm), PH: Plant height (cm), HD: Head diameter (cm), ULL: Upper leaf length (cm),
ULW: Upper leaf width (cm), UPL: Upper petiole length (cm), MLL: Middle leaf length (cm), MLW: Middle leaf width (cm), MPL: Middle petioles length (cm), BLL:

Bottom leaf length (cm), BLW: Bottom leaf width (cm), BPL: Bottom petiole length (cm), CH: Chlorophyll (SPAD), HDW: Head dried weight (g), GYP: Grain yield per
plant (g), 100SW: One hundred seed weight (g). Correlation coefficients were significant at P = 0.05 with a value > 0.19; P = 0.01 with a value >0.25.
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Table 7. Stepwise regression for grain yield as the response and other characters as predictors in oily sunflower lines
under normal conditions

Variables added to the Intercept Regression coefficients Partial R R Square Adjusted R F
model bl b2 b3 Square square
Head diameter 6.53 0.45 0.21 0.21 0.20 20.40**
One hundred seed weight 4.38 0.38 0.29 0.08 0.28 0.26 8.21**
Plant height -1.43 0.30 0.24 0.24 0.05 0.33 0.30 5.57**
Durbin-Watson = 2.047
*, **: Significant at 5% and 1% probability levels, respectively. Woy0) 0 Jleisl mlaw ol Sxe o 5 4y s
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Table 8. Stepwise regression for grain yield as the response and other characters as predictors in oily sunflower lines
under salt stress conditions

Variables added Intercent Regression coefficients Partial R Adjusted
to the model P"7B1 b2 b3 b4 b5 b6 b7 b8 R Square Square R square

Shoot diameter 029 042 0.18 0.18 017  19.837
Head diameter -425 035 024 0.05 0.23 0.22 6.48"
One hundred seed weight -444 030 0.22 0.22 0.05 0.28 0.25 5.36"
Bottom leaf length -1048 0.23 020 0.23 0.21 0.04 0.32 0.29 531"
Leaf number -14.69 015 020 022 0.22 0.21 0.03 0.35 0.32 49"
Bottom petiole length -12.79 - -0.19 028 0.41 0.30 -0.28 0.04 0.39 0.35 6.93
Upper leaf width -18.12 - 0.16 0.24 040 0.29 -0.31 0.20 0.03 0.42 0.38 517"
Chlorophyll (SPAD) 2171 - 015 0.24 037 0.28 -0.30 020 0.17 0.03 0.45 0.40 417"
Durbin-Watson=1.898

*, **: Significant at 5% and 1% probability levels, respectively. Woy0) 0 Jleisl a0l Sxe i )5 4y s ok
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Figure 1. Ward dendrogram of oily sunflower lines based on morphological traits under normal conditions

666.60 -

444.40

Distance

222.20 |

bs)pd a5 bl jo Slibcsn, Slao Ll » bég; Glo,SET slaaS) saes S 5l (5L (gloyzmds jloges ¥ S
»3)‘3 L.J’Jﬁ) )‘ solau
Figure 2. Ward dendrogram of oily sunflower lines based on morphological traits under salt stress conditions
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Table 9. The results of cluster mean comparisons by using SNK test

Character LN SD PH HD ULL ULW UPL MLL MLW MPL BLL BLW BPL CH HDW GYP 100SW

Normal conditions

Cluster

247° 12.84* 8249 6.81° 9.52° 7.89% 436%™ 12.14% 10.89% 7.12° 9.64® 7.06° 7.13® 52.57° 11.96° 19.22°° 3.47°
23.6%  12.8° 94.34° 926° 10.3° 8.15 4.77%° 1296° 11.54° 8.13* 10.16° 7.44° 7.84* 41.91° 12.7° 2526° 5.26°
21.7°° 10.78° 68.57° 6.56° 8.26° 6.66° 3.6 10.62° 9.1° 578 8.28° 571° 594 4187° 7.26° 16.26° 2.99°
2411 11.99® 88.03° 878" 10.89° 8.15* 4.4® 12.96° 10.72® 7.29° 8.45° 563" 6.37° 30.84° 15.73% 21.94® 2
215" 10.64° 67.31° 5.14° 6.85° 516° 3.28% 873" 6.66° 5.69° 7.399 4.9° 5647 3511° 13.33* 1854 4.13%
20.7° 11.28° 73.41° 7.9° 891 6.66° 3.97* 11.51° 10.09° 6.67° 9.16° 6.7° 6.83° 40.44° 13.48% 16.21° 4.24%

OO WN

Salt stress conditions
Cluster
2153 10.62° 69.0° 7.6° 0.07™ 6.84° 4.21° 10.74° 8.66° 6.31" 824° 525" 6.13° 42.63° 9.46° 15.06° 3.18"
22.21° 10.95° 67.69° 6.48° 839° 659° 3.3° 10.87° 9.34° 593 856° 597° 587° 4467 692° 1573° 2.74°
23.93® 12.46° 78.52° 7.97° 8.78° 7.02° 4.02° 11.65° 9.61° 6.75%° 891" 6.12° 6.24° 4501° 9o° 887" 35"
22.8° 11.28° 7458 7.09° 958 7.59° 4.44* 12.24° 10.67° 7.46° 955 6.46° 7.48 43.07° 838" 165° 3.22°
26.16° 1473 91.5° 9.39° 10.12° 843" 4.21° 13.12° 11.89° 7.16® 989" 6.47° 7° 5509° 17.9° 29.71* 483

b wWN e

Aoy 50 Jlisl mhw o lo sixe lo Jme e ud 5 4y sk ek NS

(o sle) oYL Sy Job (ULL (o cile) ubo jhad tHD o(jine s5le) agy glas )| PH (o glw) a8l ,la8 SD « 5 j jlais LN (205 U 34, :DF
(o gilo) (Shee S (2,6 MLW (o ilo) gleo S Job MLL (o lw) (oYL S n 5 e Jobo UPL (o lw) (2YL S (2,0 ULW
el S S s Jsb BPL (e Ble) gml S b, BLW (o sile) gl S Job BLL (e gbls) bbe Sy S pws Job MPL
(p5) 4ls as (35 100SW «(p,3) gy S &ils o,Slee GYP «(p,5) 3l S5 (459 HDW (SPAD) 4y s 500 :CH (o 5Lw)

LN: Leaf number, SD: Shoot diameter (mm), PH: Plant height (cm), HD: Head diameter (cm), ULL: Upper leaf length (cm), ULW: Upper leaf width
(cm), UPL: Upper petiole length (cm), MLL: Middle leaf length (cm), MLW: Middle leaf width (cm), MPL: Middle petioles length (cm), BLL:

Bottom leaf length (cm), BLW: Bottom leaf width (cm), BPL: Bottom petiole length (cm), CH: Chlorophyll (SPAD), HDW: Head dried weight (g),
GYP: Grain yield per plant (g), 100SW: One hundred seed weight (g).
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