gl allis FOR-TVY (p AFee o] 3 52l 159 0,lad spgus by [ Gblan 53 o815 pole Sliion

010 ,59LST (S5 5999 udgd y90 Wl (B 9 0 ,5das (Su§ sl yelyly p (ShS i ]
(Helianthus annuus L.)

*u,:s Ls, c“dﬂl@iw‘ ele dose

@od 5 Digel (i plojl (39,0L3) pliows (il (b @lio 5 5gliS Gjgel 5 Sl S50 (£l g (ol Sl (i )
Onl 29,8L5 «(55,9LiS
Ol @l el ol (659LiS 0uStils (2L S§ g 4 wine 09,8 Y

M.abedini@areeo.ac.ir :45Ke Jotue *

DOI: 10.22034/CSRAR.2022.319815.1167 Yo AV b pdy fo b VFeo[eAVY dl s fo)b

[XWES

SW 5l Jolo slosy e (o BN (S55) 5089850 Dlao (S g 0, Shoe (S5 gloyial)ly pr (Kis 15 Sl ) yslatens
B 5 0188 5 Sloss S ialej] S gty (St 5 5 Jpame syl Ll 59 58 e ol o b sl 0I5 (U s
g lepl B by byl jo aS ols liad s x cpl o0 gl ausd )3 18 bl ojse )10 a0 Bolay b5 sboSel 7,k
eyl g adsl wb) co s (Jidg IS (s Dlas 9590 50 (U S S Lalyd 0 0g s (e (g 9550 Dlas pled a5l b s
5 C123 5 C122 slapul a5 ols oylis Slao egee pdyaaS 5 Sl 05l 0005 s oo Jloy Loyl jo ails 5,Slae o
Ol Oyt i aS 0l lis sy 1 0590 Dlao s jg o 3,90 il oo oolaiul B ool gbodaliy ;o sl glady jun oo
O 5 09 ALL2XCAL &y a4 bgyye 0o )0 YYY/A g \WYEIP e 4 o i g Jloy Lol jo ails o Slae a9y
54.».!5‘ u\.ua) C Slas “_AMSQ u;‘);osusw»ﬁb‘).w)éjﬁj.laﬁsdﬁu#wjé JLA).I Ja.ﬁljw)b‘sw)f OSy90 Slao
sl ails o Sloe b (g)lo pixe g Cute (Ko o digy L5

Sy ()9, 1§ E8lg s pdveaS 5 Al igualS slaoly

el by 5 ool pad 55,5 cge (LS ladshe 5o
sl jo o Slee (iali8l ans) o (golFay LQLQui»..ﬁ.La)‘_l
QT e gy Gl S 4 oLl v ol Cusgame a5
2ol had STy g b ol Jle & Jlo Slpss
Slalllas a5 dusy oo a5 @ Jo e 4 ol Siis 3ble
(SPRe (Sided P Slae sy n Wb solpa
2 Sbee Gl e T e (JsSUse bg plordon
(Kafietal., 2009) 5,5 & 50 0ud 0 ol oS Gble
oo Ao aw KL o Sis 55 b oadaly o
ailo UM » =\l>).a 9 u’;wloo)f 5&.‘0 J.;iw 9 U"""M
oM g g (SLadles S alo e p3 15 NS 1R Jiae (Sl
el 1y olo, 5Ll ails o,Shoe j2alS 5l Gloos ppm laails
Ao b Sias 535 59, (GOksOy et al., 2004) ssi o

doddo

50 Se (Helianthus  annuus L)) ls,SoLsl
Q.';.;blo L as el Q'-Q-’? 30 €9, aslo Ql.ml.zf O ke
alozl e bz Lylyd o UL )85l Jeilsy
)L"‘ )" cs“"“ ‘)"‘9‘6“ GJLC CetS L &'J‘éﬁ) ‘)"JS“ 9 cs‘TW'S
Nezami ) wiS el 1, (SThes slonis, 4 ol ayai
(et al., 2008

Lyl 5t coo b, Skl akex 5l o) GllS o Sles
DS o )8 s 50 oo 5 ol (S Dleogad (ae
Lyl @ oliws Gl as)ie slocupae Giipee 5 S
Jole 53 oS b sl obS (sl S5 O el e, ogllas
(Stone et al., 2001) 00,5 cusb, 25 jl>s o, wles

355 5 olel sl b g ayles so @l 8 ol 0 1) Sose 5 I


mailto:%20m.abedini@areeo.ac.ir

g 3 lgdusl (smle

Y5

S S (5 ol 4 ((2olS gal> e 0 S 4 Zdo ()
D’Andria €t ) ol 009 Jadpo 0,90 cpl (b 0 Gub mlaw
.(al., 1995
Olao jo 3less o 4 Glo Kbl jo W s L)
ooy 5l (A6 UL o Shes &gy eli5)) y (Sarw; Joo (2l
g lon 5 BT Sunlss @ cuglin 5 B oo
Rezaeizad and Siahbidi, ) swa 5,95 0 SUL Congume
Ll 5o sy o8l oy (6l ceslio (nlly (28, (2015
@bl lp el Jloyesn Qb Coeal Sl (SaS 25
bl Lol slappl sl g Wb ol ccailie (pally
slacpl lolid gl a0l a5 UL (oogee oS5
= pae Dlio sl UL (pogas oS 5 cobl (gl)ls 00
B 5,415 a8ly 4o (Rezaeizad et al., 2018) ss,5 ol
ot =y Slae bld Sl e oyl sl oS5
(b 5o el o il slog s Flol b i
U Y Bl Jols zls SUs)) 5l el slaesls 4y 5
s plas e ez b QoSS canlly i moe i 0
Oty s e 59 g ol gl gy, wops A
5 ey Spnl il bocwlis egee GpdyeeS S
ol lr ol Szt 65 p eaaslis 5 wdls 1) L s
Uk 4 4aS e, (Ortis et al., 2005) sy wlaw
Sfles lp (pogar SpdiceS I (AU Wbly 650
5 005 o ge Jlews oLF gl 5 B o ails olass il
She s oy Slio ol o e S L slags b KLy
5 oSSy oubly abs e 5 g Bk kS
Slie ol )3 (o5 illy i 5 398 Jlosre (pogat
;> (Gbksoy and Turan, 2005) s (g k! ol 3t 51 a6
L sl e Jos (SIS 5 slas 5 Ll po Koo G
P Sr ol e Gl Cdo aiS J2S slegs sl
» Ldo nl (omges 6NESlg 500, IS T Ll
A 0yl 1P 5 AN iy (s 15 g Jloy Il
Sosglenpd Slao S5 o,y o (Rauf et al., 2009)
el g mlle (S iy Jlo llis e oo,
Slao qmlle (15 5 Jloy )l lulyd 0 45 ool jaseie
ke g Sy 0l o glgime (Jedg)lS el (S los

O bl )0 5 Wigd o0 J S Ll slagy bawgi g

JUizl s Sole dlS 00,5 slaails o Sz cely 20l
p 03,8 saly Sialex pas g Ol is lawgs Slidles )3 o
(Roshdi et al., 2006) 54 0 JUS (54,

A SR | Sl ksl yo Jdg IS esls o
5 (Seyed sharifi and Seyed sharifi, 2019) sl .~ _zals
Al a4 cos RIS i 4 Josie slacadisiy o a8
Ghaffari et ) os,ls,95 5 5 5UL Ldg IS asls 5l wlus
a Sad w5 S Judg IS ol o els @l 2012
oS el Jskos 30 3emST ol5T sla o], adsi ialsl e
J9 S 0350, 425 g gmlanaSly corge a0l ol
& Lwowe) L\ 39) ‘éJo ) oL:f 4‘5>—‘ wéﬁ..\m Jm‘)w B J..:}MJLSA
20,08 0553 s Ol Ggizme Lad> 0 aw dadijy, cyidls
Gl g3 g oad e I gicngzd 55 9 28U Jlil o ()
R - IS I RPN
O STy el 5l sk sl @ 2l 5 Jlab ()5S
35 o0 okS Jdg)lS sime Bl g lacntisn daoyx
.(Brevedan and Egli, 2003)

sebas Sl (Shagy 05 Ol I slalis oS &g glis)
Pekcan etal., ) sl oo ials oleS (i 1,0 azgs JB
g mals s 4 jge cpl 50 00,5 oo g liee
GOmMez-) sl o (2als als o Shae dapyl 55 5 ails slows
«(Sanchez et al., 1998

Lilps cos o Slas b oS cl Slio ales 5l adle s
Ol e i Jld ols QUL (Stacen (SiS A5
L ojslie o97s 4 (oS oloy U 1) it (ologen St
9 Sy JEEly Ja o6l s bl 5o wleg il
lails a5 ouls 0,3 b g odgs Jlo 10 (g riwgsd olge 5550
Sgd g0 Jolo (6 yinn gails o Slee Culyd ;o g onls pal )3
.(Azarinasrabad et al., 2021)

Otiier Ol elys Slao o o S A
(iagh o (Pekean et al., 2016) sls gl ,had 1, 50
S UL 5 ST S Wy sl el e 55,5 5 4o L
a2 bogo oS50 sill el 5 Gl ol Glsie @
25 5T loy yo ylol pas aS a6 S ams > e



v# OISl (S Selgn 5ad9d y90 Slhuo (551 9 0 Sos (S gl yolyly 2 (S S

Sl b LB o cais B sla S bl jo wals
S ad S L8 bl 0sse ST A e (ol JlS
ool 2 sl Jloy s g0 0 ol glac S s (5 k]
Slojbw al> 1o LS)L.?'J &kd) i g (u;?] JINIRVESRIA RS
Auils 3 o8 slacs S o e LT Cuiey Y8 g (oo
Gt gl (S o Jold (o) g5lwoslel Sliles
Joosl SE 53T @l Gulul r apdss g elnil ity 5 g2
@ S 4 ey Sllgw g o5 Slind pow slaogS b
oysl 955 g S 5 L3 LS 3 0 SolS VO: 5 Ve e
ey 2Bl S pawSy LS 0 @SS Ve e (e 4
Oyge & (Slo)liw al>yo 5 J3 9 (I 0 F-A) Lannds g0 (b
Jsb & b3 ez Jols otalejl &5 j2 b Bpas S5
2 Gy 90 alold g Lo Jile 7 o2 5l Loy, alold e gty
Sylp g ol B Ve cils gl g e sile YO (s, (s,
Sidley 5l eolaul b calizee slojiol )b a4 azgs b o 5L
5 plxl BB el Gey (B9, » e OPTIWAT
Pl (gozm 5SSl litl b syl O Jlade (55 osll
ol s ol by, (Alizadeh and Kamali, 2008) o
Vo oBzejkd alolh 4 (mb lojkd bl (Gihos
590 4 2 ol g ooy cel o I VE ol s e il
Sl o3 plail ond osly Jlade & axgi b L Sy
VYO 5 #¥V sy @ 5y Jby jled Gl (Bran
Sojelgrsed o 90 Ginlejl (o 50 0 lSe o CaSeyie
Cdo dw (EGRY) gl ad) Ceju 5 Jdg)lS asls
28 (6ol Bebo yhad g Bl Jlad gy el )] Su3elgd )90
59 Bio b e b o 5l calesT 035 8 5l s el
b Jdo,ls pasls ad pll b e loxl 5 lal 5l &g,
» (SPAD-502, Minolta, Japan) e fdg, IS ;| oolawl
95 SxSojlul (aulS (Ll o abasny QUL S p )
T Bl sl od) o g (el polaiedy b 218 (Sl
Al (6 pSoilul clnls o aan oz g 90 WD, 2 0 Wy
adgl ad) e p 5l 0903 Sloj ahaiie (nl o gl S
Veisi-Mal-) sl cavs a0V abal, 5l adgl od ) S o el

(Amiri et al., 2009

1. Early Growth Rate

Algs g absgay Sy Ol (ol Slgime 5 L5)l5 asla
Pourmohammad et al., ) 553 0 J,u8 codlée 5 oaol3l
2 Soieleid e Slae awyp yo i (2014
s 45 ooy aseine ( SIS ialejl jo ps g Jley Laylyi
Jo s ala g 35 peleyels o Sn gl S
ol Cbul caz Wl Sjglsnd olae lyiea
Ghaffari et al., ) wiil oo oolizul b6 Sos 4 Joxs
(2012
o S50 Sawis) (S Ay Sl 4 g L
ol s)ls wlio (S5 sloyall 3,505 2 oz JB 5B
Slic (Fp s S5 byl ow)n ek ek
Jos Lalps 99 50 Glo ST als o Shos 5 (Su5glsn5ubo 90

A plsl g slocpl sheslaul b g ‘531 O g

gy 9 dlgo
¥ oo &ly pllany (55,5l88 Dlanhos ol ;o 585 0l
B A3 YA 5 az )3 TF) 350l oliw el (5 egkS
el e VYPF 5 8.5 Job aids OA 5 az 0 OF ( Jlods
oolislen masarly ol elol s plmil (s gl
MY o a alls slos 5T g bagio o Jilas o Sile
Aldls Syl lawge g o5 il ax 0 Ye/8 4 VFIY
5 ol ! g e e VOV il ol jo Sueasl
Sy SiFded g SiS Slanldl g edBl Gunaiy
oy GBS > oSyl il o) S 355 oo guns
Ll yEo g gy e M Bl EC g VA Ll pH Gl
Sl ol,Rlsl syl U Yo sl AYAY L e
w0t 5 ol Sl dusge by, sladils liios isy
Syl 9yee (S w5 Jloy g)lal lulpd 5o 50 Jls
Clio By i 5 35kee (sl o Shac bl 285 )3
S5 o Bl o (0 s all et o Sisgla b
Wols Lt |y (oo b ola) glie STy St
AP Lo 5o iad Ol gam las 55,50 sliien,
CMS) e 3 U aw b bl (ol St (o 655590
Y o Jlo jo ol pll s x (plU B 75k & a0 4
Oy 550 S 5 WIs VY olyem 4y S5l alol> 5550



g 3 lgdusl (smle

Yey

g las bl aails (ol Sis 5l s b plboxl ole e 5
oS5 oo aie 4 azg Lol o Sles 235 (nje8
x ool 3 0005 dsle JUSe 50 0 SelS oy BLS
85 plml Bolas el slasSsl 2k b n s
Cms Slio 39,50 Juo,0 5,41 (Kempthorne, 1957)
od plol ¥ oakal, 5l sslazul b (MPH) pally oSl &

«(Darvishzadeh, 2012)

FL o MP 100
MP X M)

Qe 0 Cdo ke sy 4 MP g Fr oY oakl, o

MPH(%) =

Slaa 25 bl )0 09 W pme o] aally (Silee 5 a5 90
5 oslizul R 5 SPSS EXCEL islale s 5 s ]

_ (Hz—Hy)
BN CEIA "

» Sg gd) ol sy 4 Ha g Hi ekl ol )0

By G gl Sl ploy T2 g T wpgd 5 Jsl slacey
J oolitul b S e (g yie il Yo glis) o adle i3
Blo Lol b (s Joo) S mhaw jl 590 gl 9 GudsS
5 5ol &S e o (Bolal g gy Sy 2 (Geb 2))
25 Gk gy k(S olo 50wl ol o eSike
Gy b oy Syl LSk g Solas &gty )5
Ky gt 9 Sdgeied (Sl an o o Slas (s
b Loy b 40§ cotloy Sllae doasSl, (s slosed)

WAY Jlo jo (Seis Giad g Jogare g bal ulpd 5o o310 ,S0bdT slacpll ails & ySlos Lidls g 4ils 5 ,5hos —) Jguz
Table 1- Grain yield and grain yield decrease of sunflower lines under non stress and water stress conditions in 2013
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1 R217 2816 1309 54

2 C41 516 256 50

3 Cl11 2147 1335 38

4 C122 1493 978 34

5 C123 1736 224 87
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8 LR59 1391 866 38
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Table 2- Analysis of variance of sunflower genotypes under normal and water stress conditions
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“and ™: Significant at 0.05 and 0.01 probability levels, respectively.
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Table 4- General combining ability of lines and testers for plant traits of sunflower under non stress and water stress conditions

defa el eyl ad, RINPITER a3l ,Lab b a3 1 0,5 hos
Chiorophyll Early growth Plant height Stem diameter Head diameter Grain yield
content rate
)w/ o""u f.\.: ,o..\.c ,o..\.c pas s X
Lines/testers e s o o ) O pus
Y o Y o Y o e o o o= Non o=
Non Stress Non Stress Non Stress Non Stress Non Stress stress Stress
stress stress stress stress stress

R217 0.36 1.84# 0.23* 0.19** -4.41 0.61 -1.28 -0.45 -1.25"  -0.51 -134.20 63.59
Cc41 -0.80 -099  -0.22¢ -0.05  -10.85"  -8.94" 0.58 0.03 0.33 021 215.68 -14.61
Ccl11 1.96* 0.65 0.00 -0.02 2.07 0.83 -0.59 -0.41 0.80 0.08 -134.92 66.00
C122 -0.89 0.37 0.20 0.15¢ -4.96 -0.39 -0.32 -0.29 0.84 0.50 355.43 85.79
C123 -0.64 0.84 -0.28*  -0.22** 841" -7.17 0.66 0.97" 0.06 -0.24 345.43 81.48
C148 -2.92*= 210* 019 -0.21* -5.30 -1.94 0.74 0.30 0.60 0.45 294.53 39.21
LR32 1.52* 0.62 0.00 0.07 17.48™ 11.06™  0.45 0.58 -0.78 0.12 -437.34" -67.14
LR59 1.40% 1.19* 0.26* 0.09 14.37™ 5.94 -0.24 -0.73 -0.60 -0.62 -504.62"™ -254.31"

SE(GCA) 0.53 0.51 0.11 0.06 411 3.70 0.55 041 0.47 0.33 180.57 91.23

SE(gi-gj) 0.76 0.72 0.15 0.09 5.81 5.23 0.78 0.58 0.66 0.47 255.36 129.02
Al12 -1.16% 0.13 -0.14# -0.10% -2.35 -2.47 0.09 0.06 -0.40 -0.17 21.49 -117.90
A19 0.44 0.05 0.33* 0.022** 20.29™ 1207™ 141" 1077 0.70 021 322.41™ 289.48™
Al196 0.72* -0.18 -0.18*  -0.12** -17.93™ -9.60" 1.49™ -1.13" -0.29 -0.04 -343.90™ -171.58™

SE(GCA) 0.33 0.31 0.06 0.04 2.52 2.26 0.34 0.25 0.29 0.20 110.57 55.87

SE(gi-gj) 0.46 0.44 0.09 0.05 3.56 321 0.48 0.36 0.40 0.29 156.38 79.01

“and™: Significant at 0.05 and 0.01 probability levels, respectively
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Table 5- Specific combining ability of hybrids in sunflower for grain yield under non stress and water stress conditions

All12 Al9 A196
Hybrid e pis (S and e pae o e pas o
Non stress Stress Non stress Stress Non stress Stress
R217 -214.48 -106.52 -10.57 173.40 225.04 -66.88
C41 288.28 -185.99 -1038.25* -38.40 749.97* 224.39
C111 228.38 316.50" 67.79 -24.88 -296.17 -291.63
C122 -372.21 3.94 402.10 17.80 -29.89 -21.75
C123 -46.61 5.02 258.17 -77.89 -211.56 72.86
C148 -208.21 -105.01 -91.00 55.05 299.21 49.96
LR32 64.47 12.71 -31.12 -30.50 -33.34 17.79
LR59 260.38 59.34 442.89 -74.60 -703.27* 15.25
SE(SCA) 312.752 158.018
SE(Sij-Sk|) 442.298 223.471

“and™: Significant at 0.05 and 0.01 probability levels, respectively
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Table 7- Simple correlation coefficients between traits of sunflower under non stress (above diameter) and water stress (under
diameter) conditions

g5 sl adglady ey

Wg glis ablu s ails o Slos
Chlorophyll Early growth - - Head S
content rate Plant height Stem diameter diameter Grain yield
S5 el 1.00 0.39 0.30 -0.17 0.06 -0.25
Chlorophyll content
aelgl ) S 0.47" 1.00 071" 0.28 0.17 0.13
Early growth rate
Sy )| 0.38 0.74" 1.00 0.65™ 0.20 0.22
Plant height
‘”L‘_)J"s -0.08 0.36 057" 1.00 0.44" 0.62"
Stem diameter
d‘b’]‘” -0.35 0.00 0.23 0.20 1.00 0.71™
Head diameter
s o,Shae -0.12 050" 057" 0.60™ 047" 1.00
Grain yield

“and™: Significant at 0.05 and 0.01 probability levels, respectively

S| osee G Sute Jlke i gl sl
Mg slp oelbe pally Glyie g 0p alls 3 Slee Ll
oolizul LB olol (glaaslyy o ceslie slagy s
sz e Y cogad G plucaS 5 (omin b aidlee
g ALIEXCAL oy, 90 g e als oSlee blxd
s 5 5 Jloy Ll sl o 4 1, AL12%C11L

25 (B eSS n poglhe

&3l Sl
gl 5 ©5staS hjgel 5 wlisios S5 5l abewgina

Dadon (10,08 5 ST )dy el Cpz @ )40 5 W

TN 5 7D Jlairl el 55 5 sime g 4 2 5°

S5 S A
Jly solel lalps jo (S5 slo il b 0,91 4 4z g5 b
S8 s gl)] adsl wb) Ce s Rds 5 a3l clis
Sfles Cio g lagys (ol 1 S cod 3ol Sl g il
Lyl o o iogs gy Condle 5 ctal33l Sl 5l S cow il
el S e adllas 5550 Dlas den o (S5 S
9 23> § 0308 SpdieeS @l 4 g b sy o)
clol @lp a5 05 gpFand Gy olao gpdycdly
Ll )0 a5 @byl g as gl sl al) Cepn lio
Slien wols Hlad |y gl cine (Ko 35 0 Sloe b 35
Lalys o ails o,Sles gl g 9,5 oslainl 35 slaby, )
SpdaS 5 Sl 0 T 05 0 W e g, 5l GBS pas
o i sy r 090 Slio Llodd 5l i g laopl ogas
Lils 5o m s AlQ s, C123 4 C122 slasl oS



Ggid g Slpdwl Sowsle Yy

References

Alavi, S.R., Darvishzadeh, R., Valizadeh, M., Moghadam, M., Farrokhib, 1., Basirnia, A. and Pirzad, A.
2014. Evaluation of drought tolerance indices in various sunflowers cultivars (Helianthus annuus L.).
Research in Field Crops, 2: 16-27. (In Persian).

Ali, Q., Ahsan, M., Ali, F., Ali, A., Kanwal, N., Naseem, Z., Zahid, K.R., Nasir, I.A. and Husnain, T. 2014.
Genetic correlation and hybrid vigor for physiological traits of Zea mays. Nature and Science, 12: 50-59.
Alizadeh, A. and Kamali, G.A. 2008. Crops Water Requirements in Iran. Emam Reza University Press,

Mashhad, Iran. (In Persian).

Arefi, S., Nabipour, A. and Samizadeh, H. 2015. Evaluation of combining ability of sunflower lines based on
linex tester analysis under water stress and non-stress conditions. Journal of Crop Breeding, 7: 115-25.
(In Persian).

Awaad, H.A., Salem, A.H., Ali, M.\M.A. and Kamal, K.Y. 2016. Expression of heterosis, gene action and
relationship among morpho-physiological and yield characters in sunflower under different levels of water
supply. Journal of Plant Production, 7(12): 1523-1534.

Azarinasrabad, A., Mousavinik, S., Galavi, M., Beheshti, S. and Siroosmehr, A. 2021. Effect of drought
stress at different growth stages on dry matter remobilization in grain sorghum genotypes. Crop Science
Research in Arid Regions, 2(2): 167-177. (In Persian).

Bhatt, G. 1973. Significance of path coefficient analysis in determining the nature of character association.
Euphytica, 22: 338-343.

Blum, A. 2010. Plant Breeding for Water Limited Environments. New York: Springer-Verlag

Brevedan, R.E. and Egli, D.B. 2003. Short periods of water stress during seed filling, leaf senescence, and yield
of soybean. Crop Science, 43: 2083-2088.

D’Andria, R., Chiaranda, F.Q., Magliulo V. and Mori, M. 1995. Yield and soil water uptake of sunflower
sown in spring and summer. Agronomy Journal, 87: 1122-1128.

Darvishzadeh, R. 2012. Phenotypic and molecular marker distance as a tool for prediction of heterosis and F1
performance in sunflower (Helianthus annuus L.) under well-watered and water-stressed
conditions. Australian Journal of Crop Science, 6(4): 732-738.

Fick, G.N. 1978. Breeding and genetics. Sunflower Science and Technology, 19: 279-338.

Ghaffari, M., Toorchi, M., Valizadeh, M. and Shakiba, M.R. 2012. Morpho-physiological screening of
sunflower inbred lines under drought stress condition, Turkish Journal of Field Crops, 17: 185-190.

Goksoy, A. and Turan, Z. 2005. Combining abilities of certain characters and estimation of hybrid vigour in
sunflower (Helianthus annuus L). Acta Agronomica Hungarica, 52: 361-368.

Goksoy, A.T., Demir, A.O., Turan, Z.M. and Dagusta, N. 2004. Responses of sunflower (Helianthus annuus
L.) to full and limited irrigation at different growth stages. Field Crops Research, 87: 167-178.

Gomez-Sanchez, D., Vannozzi, G.P., Baldini, M., Tahmasebi Enferadi, S. and Delle Vedove, G. 1998.
Effect of soil water availability in sunflower lines derived from interspecific crosses. Italian Journal of
Agronomy, 2(2): 101-110.

Hassanzadeh, F., Toorchi, M., Moghadam Vahed, M., Aharizad, S. and Ghaffari, M. 2016. Evaluation of
the combining abilities and gene effects of agronomic traits in sunflower inbred lines (Helianthus annuus
L.). Journal of Crop Production and Processing, 6(20): 97-109.

Hladni, N., Mikli¢, V., Joci¢, S., Kraljevi¢-Balali¢, M. and Skori¢, D. 2014. Mode of inheritance and
combining ability for plant height and head diameter in sunflower (Helianthus annuus L.). Genetika, 46: 159-
168.

Hobbs, S.L.A. and Mahon, J.D. 1985. Inheritance of chlorophyll content, ribulose-1, 5-bisphosphate
carboxylase activity, and stomatal resistance in peas 1. Crop Science, 25(6): 1031-1034.

Kafi, M., Borzoei, A., Salehi, M., Kamandi, A., Masomi, A. and Nabati, J. 2009. Environmental Stress on
Plant Physiology. Jihad Daneshgahi Publication, Iran. (In Persian).

Kempthorne, O. 1957. An Introduction to Genetic Statistics, John Wiley and Sons Inc., New York, NY.



™ OISl (S Selgn 5ad9d y90 Slhuo (551 9 0 Sos (S gl yolyly 2 (S S

Khani, M., Daneshian, J., Zeinali Khaneghah, H. and Ghannadha, M.R. 2005. Genetic analysis of yield and
its components using linex tester cross design in sunflower inbred lines under the stress and non-stress
drought conditions. Iranian Journal of Agricultural Science, 36(2): 435-445. (In Persian).

Kulkarni, V.V. and Supriya, S. 2017. Heterosis and combing ability studies for yield and yield component
traits in sunflower (Helianthus annuus). International Journal of Current
Microbiology and Applied Sciences, 6: 3346-3357.

Machikowa, T., Saetang, C. and Funpeng, K. 2011. General and specific combining ability for quantitative
characters in sunflower. Journal of Agricultural Science, 3: 91-95.

Memon, S., Baloch, M.J., Baloch, G.M. and Jatoi, W.A. 2015. Combining ability through line x tester
analysis for phenological, seed yield, and oil traits in sunflower (Helianthus annuus L.). Euphytica, 204: 199-
209.

Nezami, A., Boroumand Rezazadeh, Z. and Hosseini, A. 2008. Effects of drought stress and defoliation on
sunflower (Helianthus annuus) in controlled conditions. Desert, 12: 99-104.

Ortis, L., Nestares, G., Frutos, E. and Machado, N. 2005. Combining ability analysis for agronomic traits in
sunflower (Helianthus annuus L.). Helia, 28: 125-134.

Pekcan, V., Evci, G., Yilmaz, MLI., Nalcaiyi, A.S.B., Erdal, S.C., Cicek, N., Ekmekci, Y. and Kaya, Y. 2016.
Effects of drought on morphological traits of some sunflower lines. Ekin Journal of Crop Breeding, 2: 54-68.

Pourmohammad, A., Toorchi, M., Alavikia, S.S. and Shakiba, M.R. 2014. Genetic analysis of yield and
physiological traits in sunflower (Helianthus annuus L.) under irrigation and drought stress. Notulae Scientia
Biologicae, 6: 207-213.

Rauf, S., Sadagat, H.A., Khan, I.A. and Ahmed, R. 2009. Genetic analysis of leaf hydraulics in sunflower
(Helianthus annuus L.) under drought stress. Plant, Soil and Environment, 55(2): 62-69.

Rezaeizad, A. and Siahbidi, A.Z. 2015. Combining ability of some sunflower (Helianthus annuus L.) lines for
important agronomic traits. Seed and Plant Improvement Journal, 31(2): 293-306. (In Persian).

Rezaizad, A., Parvin, S. and Shoshtari, L. 2018. Genetic analysis of yield and its components in sunflower
lines under normal and drought stress conditions. Environmental Stresses in Crop Sciences, 11(1): 93-105.
(In Persian).

Richards, R.A. 1997. Defining selection criteria to improve yield under drought. pp. 79-88. In: Belhassen, E.
(ed.). Drought Tolerance in Higher Plants: Genetical, Physiological and Molecular Biological Analysis.
Kluwer Academic Publishers. Dordrecht, The Netherlands.

Roshdi, M., Heidari, S.H., Karimi, M., Nourmohammadi, G. and Darvish, F. 2006. A survey on the impact
of water deficiency over the yield of sunflower seed cultivar and its components. Journal of Agricultural
Sciences, 12(1): 109-121. (In Persian).

Safavi, A., Pourdad, S.S. and Moghaddam, M.J. 2011. ldentification of drought resistant genotypes in
sunflower (Helianthus annuus L.). Seed and Plant Improvement Journal, 27-1(2): 129-148. (In Persian).

Saremi-Rad, A. and Mostafavi, K. 2020. Genetic diversity study of sunflower (Helianthus annuus L.)
genotypes for agro-morphological traits under normal and drought stress conditions. Journal of Plant
Productions, 43(2): 227-240. (In Persian).

Seyed sharifi, R. and Seyed sharifi, R. 2019. Effects of bio fertilizers application on vyield, oil content and
antioxidant enzymes activity of sunflower (Helianthus annuus L.) in different irrigation withholding levels.
Journal of Plant Process and Function, 8(29): 97-107. (In Persian).

Slafer, G. and Araus, J. 1998. Improving wheat responses to abiotic stresses. In: Proceedings of the 9th
International Wheat Genetics Symposium, 1: 201-213.

Stone, L.R., Goodrum, D.E., Jaafar, M.N. and Khan, A.H. 2001. Rooting front and water depletion depths in
grain sorghum and sunflower. Agronomy Journal, 93: 1105-1111.

Tabrizi, M., Hassanzadeh, F., Moghaddam, M., Alavikia, S., Aharizad, S. and Ghaffari, M. 2012.
Combining ability and gene action in sunflower using line tester method. Journal of Plant Physiology and
Breeding, 2: 35-44.



Ggid g Slpdwl Sowsle Yvy

Taheri, M.T., Alavikia, S., Moghaddam Vahed, M., Aharizad, S. and Ghaffari, M. 2013. Study of the
inheritance of agronomic characters using line x tester crosses in sunflower (Helianthus annuus L.). Applied
Crop Breeding, 1(2): 131-144. (In Persian).

Veisi-Mal-Amiri, I, Haghparast, R., Aghaei-Sarbarzeh, M., Farshadfar, E. and Rajabi, R. 2009.
Evaluation of drought tolerance of barley (Hordeum vulgar) genotypes using physiological characteristics
and drought tolerance indices. Journal of Seed and Plant Breeding, 1-26(1): 43-60. (In Persian).

Zohdi Aghdam, M., Darvish Kojouri, F., Ghaffari, M. and Ebrahimi, A. 2019. Genetic analysis of morpho-
physiological characteristics of sunflower under optimum and limited irrigation conditions. Environmental
Stresses in Crop Sciences, 12(2): 331-346. (In Persian).



Journal of Crop Science Research in Arid Regions/ Volume 3, Issue 2, Autumn and Winter 2022, P. 359-373

The effect of drought stress on genetic parameters of yield and some
morphophysiological traits of sunflower (Helianthus annuus L..)

Mohammad Abedini Esfahlani'*, Reza Fotovat?

IField and Horticultural Crops Research Department, Agricultural and Natural Resources Research and
Education Center of Semnan Province (Shahrood), Agricultural Research, Education and Extension
Organization (AREEQ), Shahrood, Iran

2Department of Plant Production and Genetics, Faculty of Agriculture, University of Zanjan, Zanjan, Iran

"Corresponding Author: M.abedini@areeo.ac.ir
Received: 14 December 2022  Accepted: 21 January 2022 DOI: 10.22034/CSRAR.2022.319815.1167

Abstract

To study the effect of drought stress on genetic parameters of yield and some morphophysiological
traits of sunflower, the hybrids obtained from the cross of eight restorer lines with three sterile male
lines and two normal irrigation and drought stress conditions were evaluated in a split-plot
experiment based on randomized complete block design with three replications. The results of line
x tester analysis showed that under normal conditions, line and tester effects were significant for all
studied traits. Under stress conditions, the effect of lines was significant in chlorophyll index, initial
growth rate, and plant height and the effects of tester were significant in early growth rate, plant
height, stem diameter, and grain yield. Estimation of the effects of general combining ability of
traits showed that two lines, C122, C123, and A19 tester had the highest positive combining ability
in grain yield and could be used as good parents for producing suitable hybrids in breeding
programs. Estimation of heterosis of the studied traits showed that the highest rate of heterosis of
grain yield under normal and stress conditions were 126.6% and 123.9%, respectively, for the
Al112xC41 hybrid. Two traits stem diameter, and head diameter showed a significant correlation
with grain yield under normal conditions, while four traits, initial growth rate, plant height, stem
diameter, and head diameter, was correlated positively with grain yield under stress conditions.
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