gsﬁ) @j.c- >33 Gjaﬁaaaé@..oj:ﬁ

Environmental Stresses in Crop Sciences

17 Sl (93 0 3led (S jaw N>
<
//.-% OAY'—"+ «

http://dx.doi.org/ 10.22077/escs.2019.2100.1517

: ?‘““b" 9 ! o

9 STy S w9y (659939 4TI (S9N g bty Dlho » (Sigh i Wb

PAC2 x RHA266 5% 31 Jol> Ség) OIS, KT o j g 4wl

" CpmmnadE Mool (90 Loy (g 2 BT (ohus yo Ly 5
ag )l SRS gal mlio 5 (65,5L85 0aSiils (aLS S5 5 audgh 098 bl (bl IS
g ) olSls  casrls i 5 (655l 00Siils  aleS K455 g dlss 095 colial ¥
tngy) oISty pole uSiiils 5y, 05,5 oozl ¥

AYIIYIIA by oo ,b QYT ANNS sl o oy,

ouS

PAC2 x RHA266 SW 3l Jol> Sy, aile ola).f.gl.'éi S S WT 95 &5 AN bl ) Ol i (w2 yaliiody
)0 33 3,5 ¥ Ly (Bolar Sl b By JoyeiS ©yponr SulesT ey e jomd (539 i g Jloyi Ll pd 5o
oSy Job o5 ol (dild Yoo 59 il O Sloe Wlhio (A5 Alo o 3l s duyl b 51 S 50 ol plonil aeg yl oSN (5 Lo
Jilio 1 il lg a3 s elul 51 .Wal (g pSejlnil (BUIS U 595 5 Gub SCiS (39 Bl jhad (S e Job Sy B0
Las ) (il a5 015 L Lyl 95 32 )0 LSy (aSilae duuwlio .09y IS Fme S e Job g digy gLl lao (5ly 455 x (5594
2° bl sy e (g1 il ol Bl HBL S s Job jords lio den )0 (Jloy byl pd a4y Cound (55 (T byl 5o
30 Al Yer 39 g Gub yhd Wlao a5 318 L Al (ygum 5 g b .ol cudlie (1+/F+) ails s (39 9 (VY/TY) ails o ,Slos
ablgs oS 4ild 8 ;o Sgunpe s Lasl 1 90 2 53 Wlho (i (g L (] Ly ey Joo 9,9 ()9 3 9 Jlo i Ll 95 52
655l g ol (€64 9 CBO loaS) iy 4) gy 4 ol 9 Jozxio o550 (gly Jol cuomd s (bl 5 0,8
bol> gl (wlil 1 .u0,5 (o pt Jio y1 o jowd A g 7 F LY o (59 (A litio obw 53 Wi (55989 2
as ) ciglisio STy 3 (Sl a5 ol oulino (g )5 (i iliden Zakau 50 €64 9 C8O sloas) (sl (Jglie (53,589 Sl (595!
G398 G 4 JooxS b o ya (glacsiSa y ccrgIo oS AYIFD 9 B8 (J5SIge (339 b (e il Yloso| . ansl (5594 ik &
S oI ST 015 @y glaaali 5o wilgi o0 (g3 (2 31 Jolo gulis B co (LS Gl Ol i’ Jomio o5 ) 50 oS wiws
Wl e (55 4 Joio o851 wdgi

G2l Bl G 5 (5 rad G endia p 5989 AUl (il gy oS SUUST isuls’ sloojly

Shasl Jelge 5l 5 Sidans 5 Sis bl )0 (ogasa,
Lol b g lol 5 olbeonds sloosS 5l ooliznl 4y lg5 oo
Hakim et al., 2014; ) 5,5 o Lol ol cuaSL 5 5o
559 e C>luw .(Manchanda and Garg, 2008
00} yeadt Lol 0gs LS aulin YYY 00> VA Lo o
dwy JLSe ede Teoo 4 FeVO Jlo b aS 04 oo

doddo
oeals cely a5 cwl riean ;) (IS (o e (55
Ghassemi-Golezani and ) 55,5 o oS ol 9 (5,90 42
alise  Jolge .(Hosseinzadeh-Mahootchi, 2015
Shas wsle cdo g9 i )38l o Sl g b
S o) Sl 0 o 4 plEs sreb Jelse
S Grs 8505 oS (Sojler YU s mhaw (oF

r.darvishzadeh@urmia.ac.ir : g xS s 00lj Lig,o Lo, 1555l 005,15 *



AR Gl O il e pole 53 ame (sla i

OAY

>, (Mohammadi and Prasanna, 2003)
- oY saieg) (sl 0o iz (bl sl ig 5l eandllan
el oaoslawl u‘d).i:l.,.s—l ol ‘_ngbeo}‘i 9 l»
.(Kholghi et al., 2011; Ahmadpour et al., 2017)
0 )P S b )9t 5 ey plalS (S5
Srees 550l 5 Jsho gl ol S s 15 5,5
Sk oy N s e (55, A5 a4 Eb 0
a5 wleige ydd oS Ol (ol 4 gl o by
Sl ;5 2550 lageSsn dbiesn (nl abox)l
5 (@l egate Slacesn (AT (B JESew
Loakaly o et nd Jlosl b slointSgn g geilacs]
Sy ol laguly (U5 sbay o (i SIS als
Ay & CiSl g phe olge (2l0jaw «silmgiese )18
doptigy lade a> 31 .(Hajheidari et al., 2005) <!
MRNA 500 b aden o5 polie b slogtiyy o5io
Pgsd Byt 5l (6 ke (Sl (Jg el dai ye
oy S Gio Jo dezy e Sl
Olyesd (ol a5 Wgl oo Dl j55elS 5 Dl 98
Lo, T Jokooss o Joee ot 5 iy Cllad (6l Ll
O A S QLS slagnly asdllas oonlple ol oo
Sjse B4 G9pe W ean e o susd
ORPY Swiiey E95 Sg>g [(Shunping et al., 2005)
Ll b 55 5 5 o 5 4y oS Gl 5| ool
Bakalova et al., 2008; Koc et al., ) cusl loe
S g5 ewan S slaghs, 5 S 2010
el Loy 55989 2 (G5l (o) 2 (BLS Sl
G50 039 e Sz el STl U5 59895l
Sl sloolSislojl ;0 e 5 @) (oby, dotsy
6‘1,.) 4..\9..0.: G.o.s )‘J.M QO u.)e.) oolw u.o..o J"ﬁ) UJ‘ w‘
Sy calio SIS @508 ghlo g ol 5L el sl
b J5 50920 cenlani g oslS s 9 lulid
wlids sy Susn Jlbyn amlie ol PAGE
By 52 Sk il geog IS5 LB 5 e SBg, (2L
-ae (Matsoukas and Morrison, 1991) ol ;)1 o
SDS- 5l eoliiul b opis s (slo,Silis (6 5,54 ool
2 boss s bayly e olulis sl PAGE
5 @BU el w83 IF axg sy sy GbLS
SDS- L (Kakaei and Mostafaie, 2010) _lalas

Jlo b el onds o i S,k 51 (Hakim et al., 2014)
Sy w2lsz 585 o5kl Y 4 ez Cemex V-0
i dlge udgi sl plpls «Tilman et al., 2011)
OISl Gl ez GRS Gl Slilge @
oolgils 5l S, ¢ ale oLS (Helianthus annuus L.)
aly (blS o Sete dex;l 9 (Asteraceae) LS o
Oilste a5l gl y93 ey ()T (s, o5 sl (284
ol elyj geog (Vb cuaS Gl Cgllas oy slaal
moqy Sl 3l (lpl j5aS alex il Gl LS 51 65l 5o
Syplse S apwy ghe 0 5 oo 05
.(Andarkhor et al., 2014; Rastegar, 2005)
2 lgse ol GllS o gy0d 4 Jes il
S5 oy e 9 ot Glie 3 LS 3,Shas S3egy
5900l 4 B VAA L ;) .(Flowers and Flowers, 2005)
Soso & Joxie DYgame g sln ook sl
Rai et al., 2011; Azzedine et al., ) el a8 5 & 50
2011; Ashraf et al., 2013; Ashraf and Akram,

G5 5eh e g i 55 Juol (slacaddge 4l (2009
4 wlgee Yiml a5 el Swl Lis 5,5le8 2l
@ Jyore laghy; (o9 pole) g aRen Gezmen (hYO
ookl slagys b ol pen oollast slagyj JUl (Sl (g3l
Kafi) st Soso & Jood o Coole 0 ooy g
Vb oo Slee b o5yl & sbowss cqe (et al, 2011
() g (S SBURE & s JeoS g e Sk
(Laurentin, 2009) ceul (5,550 S5 €55 S99
S5 gl 5l (BT 5 (S5 535 ezt g axlllas
sebds (B Sy s cpally ST 9 o0 s b o3
33,5 o5 gty Slis 4 i 9 99 alodl o
Gt Aol oS Slav Ll 5l cpally 4> e Ygare
g Slao o i a5 E95 Wik aal
(Falconer and Mackay, 1996) o aalys comliv
559 5 i Abmagts os blomaz )0 (S) 99
S35 €55 9551 glp it glahg, g olxl
Solel sla g, a5 olxl 5l ks 045 alS slaaiss o
ooliiwl Cio (paiz Sledbl 3l lejen jglbds o uitin iz
sools 4l 5 (S g9i5 Jlodigay jo0 50 I waisS
31 (grg 31 (J9Sse 5 (loondion «S035)58 )90
a5 by 4z wpite wiz )bl slagtsy O
Wedse wgme by, (ninte hol slaadlie 4



BA el GagS slaeS) slagetisn 55,0898 ool 5 (bt Slao » ed A U S 5 52 BT e

i 95 e O 5l RHA266 5,05 oY .ol oobianys
&5y9keS &yl5g awes Peredovik ¢ M. annuus  ix
O S 5l 4wl sINRA s PAC2 (5 j0le (Y 5 1Syl
Gentzbittel et ) <l saiiudss HA61 4 H. Petiolaris
O gl e ) Sl &g iulesl (al., 1995
ey s 7 Syet 5 Jloy e 59 )0 5 98
B o (o Kbl Cusgis Voo a0 4351 9 NaCl ae
Sl 4250 50 1S5 4w b g ol IS 4y 5k
523l ek cpl 6l () USS) <8 )T plol aeg )l olKisls
8 5 i) asleS Ve 55 ol B olass i
oo o1 lad o g S (o gl Y8 5 YO S5
alold g yio cile B0 o 5l Gl oy g0 alold Laials
ad)S Sl 5 estle Yo s, (59, 53 ol laglals
a ofly; S+ ale oy byle j GulS o gl i
£ 6 A Gbiwws Sy 0T solul Yoy ) s

2 S adsl 6,58 Jlade ulal e Geieny (oo
o s dm ol o B0 3 Sad o5 AUD lade S
wlol S o 4 Sp A > e 4 lbaxalS o, |

Ao F

23,8 sn 1y 955 )% slagesn g5 55 PAGE
g oobe (Shg; lyeds wlgioo gy (nl &S WS (515
Syg0 Lapadly £ 59 (S £95 (lulid ol
Om Bl s (s g5 addllae (nl )3 105 )18 ool
gt graS) o i, sla S g 4l o Sles
Jleo bl 5l S5 50 (5185, OIS S g8 aseal
6l aalol jo sl 0nd S pwyp e AT g
Gops & Joxio g e a5 550 50 Lo g (55,599 2]
o @l el st anlllas (5,58 LA Ghlie rslan o
=S S5 Sl celin pally QLT )0 Wl oo ko

Ak dde (6598 4 Jeie slo

L by, g olgo

K igled g0 Slio (o p

el Sl 45, N (g5, 5yeh DI Ghagh ol 5o
5 Bl Jols (289, o, (FI L) oS 550
oz g ol em 4, PAC2 (?) 5 () RHA266 ¥
5 oy S5 S sy, 5l esliul b e, Comes o
(NRA) auilp sogis ST i o gl by

(9 o0 ST S g5 asel Sl g5 G104 ) o 59ded 00 Sliuo 1 (5390 il gy ) JSCE
Fig. 1. Study of salinity effect on morphological traits of oilseed sunflower recombinant inbred lines population
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Table 1. Analysis of variance for yield and morphological characteristics in oilseed sunflower recombinant inbred lines
under normal and salinity stress (6 dS/m) conditions (NaCl).

Ol s’ 2l Degree of freedom 3T az 40
S.0.V GYP! HSW? LN3 PH* SD’ CD* LL’ LWs3 PL® CDW! DF!!
ST 1 1 1 1 1 1 1 1 1
Salt stress
L P)
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455X (Gyga hd
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Error
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Salt stress
L P)
RIL 178.97"" 27.65™ 31.56™" 547.34™ 0.92"** 22.51™" 20.56" 13.29"" 5.42™* 9528 96.22"*"
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s
Error 35.52 4.53 5.19 119.85 026 4.00 15.05 5.89 1.29 3092 15.09
(1) Sl s <y &
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Grain yield per plant (GYP), 100 seeds weight (HSW)?, Leaf number (LN)?, Plant height (PH)*, Stem diameter (SD)?, Capitol
diameter (CD)®, Leaf length (LL)’, Leaf width (LW)?3, Petiol length (PL)°, Capitol dried weight (CDW)!?, Date to flowering
(DF)!!, Coefficient of variation'?. ns, *, ** and ***: non-significant, significant at (P< 0.05), (P< 0.01) and (P<0.001),

X Normal — X Biotic

respectively. D= x100

X Normal
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Table 2. Mean comparison of yield and morphological characteristics in oilseed sunflower recombinant inbred lines
under normal and salinity stress (6 dS/m) conditions (NaCl).

Condition L% GYP' HSW? LN PH* SD° (D¢ LL7 LW} PL® CDW! DFM
Jloy

12.17  7.61 2354 91.24 441 9.65 1138 849 7.11 7638 23.5
Normal

Sog A 1056 7.58 2274 88.1 425 947 11.13 8.4 7.32 749 21.01
Salt stress

‘-M" Q ‘-;‘A-bls M)é

Percentage of diminution 13237 0.39™ 3.40° 344" 363" 187" 220" 1.06™ -295" 194" 10.60*

in charatcter
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Grain yield per plant (GYP),100 seeds weight (HSW)?, Leaf number (LN)?, Plant height (PH)*, Stem diameter (SD)?, Capitol

diameter (CD)®, Leaf length (LL), Leaf width (LW)3, Petiol length (PL)°, Date to flowering (DF)!, Capitol dried weight
(CDW)!!
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Table 3. Mean, heritability and phenotypic and genotypic coefficient of variations for yield and morphological
characteristics in oilseed sunflower recombinant inbred lines under normal and salinity stress (6 dS/m) conditions

bylpls SR (L Sile bl e owluly oubsls oeibsly Ol s g b Sriycdlyg Byl
Condition Trait Mean Critical P e e (SN e e (oges sz
value Vph Vg Ve CVg CVph CVe h? SD
Juy GYP' 12.17 8.20 61.28 2622 3506 42.08 6432 4865 043 826
Normal HSW?2 7.61 9.01 840 407 433 2651 3809 2734 048  3.11
LN® 23.54 2.95 9.02 449 453  9.00 1276 9.04 0.50 3.72
PH* 91.24 16.21 208.77 89.36 110.41 10.87 15.84 11.52 047 17.15
SDS  4.41 0.75 040 010 030 7.05 1428 1242 024  0.67
CD¢  9.65 2.74 739 332 407 18.89 28.18 2091 045  2.89
LL” 11.38 3.22 1549 147 1402 10.64 3458 3290  0.09 038
LWS 849 2.08 1585  1.05 148 12.09 4690 4531  0.07  3.89
PL® 7.11 1.46 1210 172 1038 1843 4892 4531  0.14  3.31
DF® 76.38 7.46 38.10 1899 19.77 570 808 5.72 0.50 10
CDW!! 14.97 5.97 4273 1242 3031 2354 4366 3678 029  6.78
i GYP' 10.56 8.03 5832  21.19 36.41 4434 7232 57.14 038 791
. HSW? 7.58 291 8.63 417 446 2694 3876 27.86 048  3.15
S NS 2274 3.24 929  3.68 561 844 1340 1042  0.40 3.7
Salt  pgs 831 15.04 180.22 6524 11498 9.14 1524 12.17 036 16.05
stress — gps 425 0.62 0.33 0.12 021 815 13.52 1078 036  0.62
CDS 947 243 6.78 3.11 3.67 18.62 2750 2023 046 276
LL” 11.13 6.65 10.13  2.02 811 12,78 28.60 2559 020 2.96
LWS 84 4.12 1596 1.61 1435 1512 4756 4510 0.10  3.85
PL® 7.32 1.60 22.16 201  20.15 1938 6431 6132  0.09 456
DF® 749 7.61 2245 1078 11.67 438 633 456 048  9.01
CDW!" 13.66 4.49 3849  8.00 3049 2071 4542 4042 021 641
Gob S 55 A S s Job A Sy o,e ¥ Sy Jsb F b had b 4Bl jlad F ag glas )l OV Sy slaws F ailo Ve e 59 0) wils o Sles
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Grain yield per plant (GYP), 100 seeds weight (HSW)?, Leaf number (LN)?, Plant height (PH)*, Stem diameter (SD)?, Capitol
diameter (CD)®, Leaf length (LL)”, Leaf width (LW)?, Petiol length (PL)°, Date to flowering (DF)'?, Capitol dried weight
(CDW)!!
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Table 4. Correlation between yield and morphological characteristics in oilseed sunflower recombinant inbred lines in

normal and salinity (6 dS/m) conditions (NaCl).

.

GYP! HSW? LN3 PH* SDS DC*¢ LL? LW? PL® DF!°
Trait
Non-salt stress (normal) condition Jboy byl

HSW2  0.617

LN? 0.22° 0.21°

PH* 0.50"" 037"  0.35™

sps 049 037 037" 037

DC* 0.80""  0.63™ 029" 058" 0.52""

LL’ 0.20™ 0.11™ 033" 031" 044" 028"

LW? 0.43"™* 038"  0.20™ 0.27" 0.59™" 048"  0.68™

PL® 0.20™ 0.11™  0.33™ 031" 044™ 028" 1.0"" 0.36™"

DF!0 -0.27"  -0.127  0.04" -0.25"  -0.16™ -0.32"" -0.13® -0.30"" -0.13™
CDW!  0.66™" 045" 0.27" 0.6 0.34™ 077 0.22° 045" 022" -029"™

Salt stress condition G

HSW  0.63™

LN 031" 0.16™

PH 047 033" 032"

SD 0.46™ 038" 046™ 032"

DC 0.76™  0.63™ 039™ 051" 0.58"

LL 0.245" 0.17" 0.07%  045™  0.11™  0.36™

LW 0.20" 0.21" 0.10  0.36™" 0.27" 0.35™  0.52™

PL -0.03»  0.11™ 0.06" 0.15" 0.13" 0.12 037"  0.36™

DF -0.11™  -0.05™  0.14™ 0.15"  -0.08* -0.12  0.10™ 0.04  0.16™

CDW 0.51"™  0.62™ 0.16™ 039" 036" 0.617" 0.13™ 0.16™  0.04™  0.02™
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Grain yield per plant (GYP), 100 seeds weight (HSW)?2, Leaf number (LN)?, Plant height (PH)*, Stem diameter (SD)?, Capitol
diameter (CD)®, Leaf length (LL)?, Leaf width (LW)?, Petiol length (PL)°, Date to flowering (DF)!?, Capitol dried weight

(CDW)!!
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Table 5. Genetic correlation between yield and morphological characteristics in oilseed sunflower recombinant inbred

lines in normal and salinity (6 dS/m) conditions (NaCl).

Trait ceo GYP! HSW? LN3 PH* SDS DC® LL7 LW PL’® DF°
Non-salt stress cindition Jboy byl
HSW?2 047"
LN3 0.17" -0.016™
PH* 0.73"  -0.09" 0.44"
SD’ 0.7" 0.21" 0.33" 0.55"
DCS 0.85" 0.97* 0.19" 0.72%* 0.67"
LL’ - -0.003" 0.3* 0.78" 0.81° -
LWS? 0.72°  -0.04™ 0.15* 0.49* 0.67" 0.84" -
PL? 0.36" 0.1m 0.37* 0.66" 0.5" 0.59" 0.95" 0.58"
DF -0.317  -0.37" 0.02" -0.29" -0.07" -0.25" -0.8" -0.41 -0.18"
Cbhw!! 0.82" 0.45" 0.31° 0.9" 0.58" 0.97* - 0.75" 0.45" -0.37
Salt stress condition G900 g
HSW 0.66"
LN -0.06™  0.13"
PH 0.55" - 0.24"
DP 0.52" 0.41" 0.47" 0.47"
DC 0.71* 0.75" 0.39" 0.57" 0.29"
LL -0.06™  0.31 0.48" 0.48" 0.41" 0.55"
LW 0.86" 0.82" -0.03™ -0.03™ 0.47" 0.66" -
PL 0.24* 0.37* 0.45* 0.45* 0.38" 0.46" 0.75* 0.83"
DF -0.08™ -0.06™  0.15™ 0.32° -0.005™  0.01™ -0.27°  -0.001"  0.09™
CDW 0.57" 0.82" 0.41" 0.5" 0.57" 0.05™ -0.004™ 0.99" 0.13" 0.14"
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Grain yield per plant (GYP), 100 seeds weight (HSW)?, Leaf number (LN)?, Plant height (PH)*, Stem diameter (SD)’, Capitol
diameter (CD), Leaf length (LL)”, Leaf width (LW)?, Petiol length (PL)°, Date to flowering (DF)!?, Capitol dried weight

(CDW)!!
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Table 6. Stepwise regression analysis results for grain yield as a response variable and morphological characteristics as
predictor variables in oilseed sunflower recombinant inbred lines in Normal and Salinity Conditions (6 dS/m) (NaCl)

& 00isd gyt O3Sy <l po Ot g 6
Jow epye o yloiins! ettty
Variable entered lao Coefficiens of regression 3% Jue Adjusted R-
into the model Constant B1 B2 B3 Partial R?  R-square square F
Non-salt stress Jboy byl
CDh 2.15 0.80 0.64 0.64 0.64 150.82™
HSW 0.11 0.69 0.17 0.18 0.66 0.65 4.25"
Durbin-Watson= 2.23
Salt stress G980 g
CD 2.07 0.75 0.57 0.57 0.57 112.89™
HSW 1.99 0.60 0.24 0.03 0.61 0.60 7.69"
PL 2.76 0.61 0.25 -0.14 0.02 0.63 0.62 4.65"

Durbin-Watson= 1.58
S po Jsb =PL (3.l s =CD ails o 59 = HSW

HSW: 100 seeds weight, CD: Capitol diameter, PL: Petiol length

156.31 1
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Fig. 2. Grouping oilseed sunflower recombinant inbred lines based on yield and morphological characteristics under
normal conditions using Ward method.
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Fig. 3. Grouping oilseed sunflower recombinant inbred lines based on yield and morphological characteristics under

salt stress (6 dS/m) conditions using Ward method
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Table 7. Calculated Mahalanobis distances between groups identified by Ward method

09,5y by ot ojled ) adigs Y aigs Y ags
Cluster Line number Cluster 1 Cluster 2 Cluster 3
Non-salt stress Jboy byl
1 49 0 2.83 3.14
29 2.83 0 5.80
3 12 3.14 5.80 0
Salt stress G950 g
1 42 0 2.77 2.90
37 2.77 0 4.60
3 14 2.90 4.60 0

B LTSl (K 95 o walys sl lag | s
g oz SlS ol g ol dawlgas U ojlu o 0B 1,
asle e Ol 45 a8 aiiS adgi |y pioy o Slee
-09,5 .(Faraghei et al., 2007) sl |50 . 5 5,58
2 9y OISl S g el g3 slaeS) su
039 5 ek ,had Slao bl 5)9h A5 5 Jloy Ll o0
el 58 pB S (gum )T a4y 525 50 oald glulid dils wo
Slao olol gy 2050 oS, Jloy Lylys jo 88
W85 )18 ade T 50 lires ails w9 5 el y3
Coglice boog,S 5o 1af ) sluuws Lo (Sl 0k 43l Laools)
S )gbar o9 (Slao JS wlel 2 gon0g,5) sl Il
5TV i ¥ 5V laalos o545, F Jol algs o

R ARPUIRN

i gl ol I, ST (slodSy (gubivog 5

PB4l g )
bl Gyl adsS So I ol Bl gladgS ayie o
dodlsd o aS Jjse,0 il e 4 1) SBeSS
aigs 3l ol b szl ail jeelovdbas (sategS
iy gloaigs ol 8l s W SGoy pp 4 Sy bl
(Thompson and Nelson, 1998) sg sialss 5eglite
Sl slayline 51 (S GRses Sl cndlly (S5 6590
O S Sez oY g5 slml 9 (B sl nly
S50y 5l el ax n oS Ll ) Loges eul o))
3 G £ (WAl i (Seis alold) Wil e



820 ol Gag> slaeS) lacntisn 55,0898 658l 5 (wbibiiin) Slis p ppd G5 U s 5 62 BT (e

Table 8. Clusters mean comparisons using SNK test.

SNK (55037 31 solisw! b 1 yiwsdMS puSiloo dumslin A Jgors

Means of Cluster L oS (i Sleo

o Non-salt stress Jboy kol b Salt stress Gog s

Trait Cluster 1 Cluster 2 Cluster 3 Cluster 1 Cluster 2 Cluster 3
1 Gyp 9.67° 19.84¢ 3.39° 9.22° 14.77¢ 3.42%
2 HSW 7.40° 9.47° 4.51% 6.63° 9.54¢ 4.09°
3 LN 32.22° 25.09¢ 20.41% 22.53% 23.28° 20.26*
4 PH 92.81° 101.04¢ 65.31° 86.12° 94.67° 75.61°
5 SD 4.34° 4.76° 3.90° 4.17° 4.5° 3.73%
6 DC 9.04° 12.17¢ 6.18° 8.76° 11.23¢ 6.74°
7 LL 6.94° 7.80° 6.27 10.322 11.79° 11.64°
8 Lw 8.18° 9.45¢ 7.32% 7.56° 9.38° 8.59°
9 PL 6.94¢ 7.80° 6.27° 6.59° 8.07° 7.79°
10 DF 76.86° 7.42¢ 76.32¢ 74.03? 75.8° 69.97*
11 cpw 14.01° 19.75¢ 7.94 12.02° 17.45° 7.75%
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Grain yield per plant (GYP), 100 seeds weight (HSW)?, Leaf number (LN)?, Plant height (PH)*, Stem diameter (SD)?, Capitol
diameter (CD)®, Leaf length (LL)”, Leaf width (LW)?, Petiol length (PL)°, Date to flowering (DF)'?, Capitol dried weight
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Table 9. Molecular weight of bands observed during protein electrophoresis

olosis Luib JoSIge 39 Salt suceptibel line Rt PYe Salt tolerant line
iy (913 oLiS) (C64) ;90 a3 ol (¥ REEW (C86) (55940 &3 Jozxio (¥
Number Molecular 0 2 4 6 8 Standard 0 2 4 6 8
of Band  weight of bands protein
1 146 1 1 1 1 1 0 1 1 1 1 1
2 133 1 1 1 1 1 0 1 1 1 1 1
3 116 1 1 1 1 1 1 1 1 1 1 1
4 97 0 0 0 0 0 1 0 0 0 0 0
5 83.45 1 1 1 1 1 0 1 1 0 1 1
6 66 1 1 1 1 1 1 0 0 0 0 0
7 55 1 1 1 1 1 0 1 1 1 1 1
8 29 0 0 0 0 0 1 0 0 0 0 0
9 15.7 0 0 0 0 0 0 0 0 0 0 1

200KD Myosin fram porcine heart, 1 16KD=p-Galactosidase from E. coli, 97KD= Phosphorylase b from rabbit muscle, 66KD=
Albumin, bovine serum, 55KD =Glutamic Dehydrogenase from bovine liver, 45SKD= Ovalbumin fram chichen egg, 36KD=
Glyceraldehyde-3-phosphate Dehydrogenase fram rabbit muscle, 29KD= Carbonic Anhydrase fram bovine erythrocyte.

Tolerant line (C86)
8(ds/m) 6(ds/m) 4(ds/m) 2(ds/m)

Sensetive line (C64)
8(ds/m) 6(ds/m) 4(ds/m) 2(ds/m)

Estadard

0 0

SDS-PAGE ;5 b 1539 (5889 Sl 5651 ST
Fig 4. Electrophoresis pattern of proteins in SDS-PAGE
1: 146 KD, 2: 133 KD, 3: 116 KD, 4: 97 KD, 5: 83.45 KD, 6: 66 KD, 7: 55 KD, 8: 29 KD, 9: 15.27 KD). 116 KD=0-
Galactosidase from E. coli, 97 KD= Phosphorylase b from rabbit muscle, 66 KD= Albumin, bovine serum, 29 KD= Carbonic
Anhydrase from bovine erythrocytes
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Abstract

In order to investigate the morphological changes in 98 recombinant inbred lines population of oilseed
sunflower derived from the cross of PAC2xRHA266 under normal and 6dS/m of salinity stress
conditions, a factorial experiment was conducted in a completely randomized design with 3 replications
in Urmia university. In each condition, after flowering stage the characteristics including: grain yield
per plant, 100-seeds weight, leaf number, stem diameter, plant height, capitol diameter, leaf length, leaf
width, petiole length, capitol dried weight, date to flowering were measured. Based on the results of
ANOVA, salinityxgenotype interaction effect was significant on plant height and petiole length
characteristics. Comparison of mean of lines in normal and salt stressed conditions indicated that the
average of lines under salinity stress conditions decreased compared to normal one. The highest
reduction was observed in grain yield (13.23) and 100-seeds weight (10.60). Based on stepwise
regression analysis, the head diameter and 100-seeds weight were entered in the model and explained
some part of yield variation in both salinity and normal conditions. So, selecting for these characteristics
will improve grain yield in both conditions. Based on the results of the first part of work, two salt tolerant
and sensitive lines (respectively C86 and C64 lines) were selected and planted at different salinity levels
(0, 2, 4, 6 and 8 dS/m) conditions and their protein electrophoresis patterns were investigated using
SDS-PAGE. Based on the results of molecular experiment, different electrophoretic patterns for C86
and C64 lines were observed at different levels of salt stress, indicating a different reaction of lines to
salt stress. Probably protein bands with molecular weights of 55 and 83.45 kDa are salt stress-related
proteins that exhibit expression changes in the tolerant line. The results of the present study can be useful
in sunflower improvement programs for developing salt tolerant cultivars.
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