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1- Superoxide dismutase
2- Catalase
3- Ascorbate peroxidase



o g (o2 e § Sy Bl 2 s o

0535 dsb (2l g3 Obj Sl sas sl
Al odalin (1Fr 31 i) ls 89, Olsm 5 Su g
Gpdy Sy palie sgdew LT ks o
A5 oskee LT Ll b oaslie 5o eses
b aglie 55 lome i 56 51150 ol 2l
Ll po il ol le s Cass
e Sy SIls Jlae o i 3 gl (55T
Sl3 158 035 (AU 35 0l Sl o s
Sy Sy JMie o i 5 ey 3 Shes
2 0033 dsb (AU £ 5,0 0l sl oo s
(FUsds) T Cwds il S8 O 5 als 04
Ol Lld 55 55 gpdy Sihy ol anlie
olie esee Sady iy 1 &S das
P9 T S ey 5 s 3 Shes (gl pli
oA LlE s 0T polhe Sl e 4k ¢l
g5 Ol Olao sas 3550 )3 o sainy 351 fS
23 p3ee Sy Siys i b ki allS
Sy 1S Iy el s s Ll s
@ls sl gl plin polas 50 o g S pdy
Sl STl 55 i odalin 4l 3 Shes 5 b s
0535 Jgb Jold o (6,8 oIl Sl ot S|
5wl o) Olpe b k8 g gl ()
Ao U po s (o S3lys e o8, 5 Shes
Ol g &l e 05y 3550 52 5 28 (ol
S das or Ol s ol 3L Il S g s
S bl 5 S L amlie b 8
23 Sl gL U5l ol s b e 5153

s el i Ll s

\

N

IWAD jou syt o) ojlouds B 0y90 il med Cuslyy ay pid

Slogpast (S5 JAS o 53 Ssline mls
Ll o 55 L Sslize Gl Sl Ll e alie
gare Olj 3L odd U iole 3T Calides
S sy 5wl 5 Shes 5 b i alS
G g e 5 (SRl S e g a d RS
Ols KT adlS 0lej I8 55 bl Ol 5l
50 (V44Y) 2 5 (V44Y) 01, 5 5,17 Lw s

) 0l U‘:')‘Jf

S 0093 Jsb S spdee LT Lyl s s
Wl > Ses 5 055 g5l 5 (3 387 5o
(Fdod>) Lo Code Ol 1 J xS 55 )
SIS g 93 p JES 5 el g8 Ol
O 5 LEE sy il e 5 Ll
Sl 5 Sl S g 5s e SE 55 (144Y)
s S ENE 1y a0l Sliwe JaS s
ﬁsjbm‘_;)LﬁT.bjfi):Sv\.n@Qw@t}
Ol KT Sls gz J 18 5 il 3l Ol I
JEEEcagee] i IVE N B EPRCIN P S PP A
ool Gl s b gl SR 5 o
OT Kby ol cpl Ko g ) kL od 3,47,
Low oL I S 25 Lls s 8 Cul
ol s e 5 03 oS ol a8 Ll e
LSe35 3155 55l axlge e L 1) Cnlie
o LAl s, Sl STy 58 (VY4Y)
bk oS5 Sl kSl sk, A5 Ll
Lles S iy
gars Ol Gl Vb psee sy Sy
;;w,aﬁtw,ugﬁbﬂ,(‘mv)@,u?
sdalive O glbe LT Lol o 5 (19V-5Y) 23,

(0 Jd) ui



WAD jou st <) ojlouds B 0y90 Il med Cuslyy ay pid

stlan LT Loyl ,a 55 0l BT o)) Slo ot (6 435 =0 Jsutr

“ha)lz2 055 Gb ks gl NCEEESTE P s sl s

/DY s 9 s CAY st

o /YY V¥ VY +/FV +/FV P 2>
s>, SNes Gl s Skes als 589y Ol j Gab s dls sluw Spdy ity

LV 2 R oY et

108 R IFY /¥ oy

sgon LT Lol 53 015 BT el oo st (5 1y S35 =% Sl

ls )52 035 Gb ks gl NEEEESTE A s Sy s

/7¥ AR +/0 +/F Vidi s

< /¥7 AT AR /YO +/0) P s>
s>, SNes 43 > Slee als 589y Ol j Gk s als sluw Spd Sy

/¥ /Y Ax +/f4 s

yRY e YE 5 oy

DS e sy SV abS s a5
Orrped el ssgia gllas LT Ll o
s i Ssline S ey oins Ol s
4 g Ao 4 Ll aee Ll 4 4l
Ul 01 KT e 55 sz 3030 Laes
o305 Ol 355 1 (S Jawily S 8y S sline
Lyl pln s Gslie sk Sb sl Sl
Sl s a4 50l 5 s e Ol 55 I oo
"t 332 OV (hosn be 53 o8l a L
Al 53 Jeie o)l ag sl Cl oY A8
23 5 S5 sl s S bl (Ses

5,8 Sy sy Cyzpos Ll

\

-y

gjmﬁb“ﬁjbgﬁ‘ﬁawsﬂjjd‘@w

G g e L E e st )
A0l BT 5 sl 55 4d 53 s
LaL asls wls 8y, Ol s 9 YL &l 05 ()33
sals s Shee 5 65 gyl B #Mol ¢l
SRS 553 g n sl 3l ol 3Y oy
susby A Ll g blae js el eslax
23 G e 2 e S
il azils ol ST )ss5 5,0 sl Y g
5 Gy gl Sals sl S S SoHse 3
5SS 53 45k Gy 5 als 5 Shas 515
95 dawslie Lbosyls g ma slbls S (Gl g



IWAD jou syt o) ojlouds B 0y90 il med Cuslyy ay pid

&b,
- U ‘SL&A?J P ‘5,1.\;";,.;,7 w}ﬁ.W’QY .03l wacwd{bu) c.\:aw.\:..»:b)ﬁ
c\..\.l:- d‘]‘.’.‘ vJ“D C,.Gb) QJJ»Q)LQ.D‘ Ls’.';}.]a) .]m“‘fl 93 )JQ‘JS\IBT&L&&?})J U""l)).f.& Q‘j:.ﬂ) 4.‘.'9‘-.:6T
AY-AY ¥ o, lll

S5 ol @l 5 s Sihs AT (glak suge csed s pl a5 558 L LS e S5 500
¥ F ODYY oy93 Gl A 5 5 (65,558 [l (Ol KsT el (glaks s o

OT liml 55 Shas (S5 a0 o0 IVAF Lasls Loy dases colils JLu 5 e (OLEDS il (glge S
¢j.l:« al>es é.:a- OR5 Oady A el sy sy Y OO CJL oslainl L ijifl:é"' sy s
FEO-FYO (Y)Y .01 5l g5 9lS

j'fj.n.‘_;u\:jj}')y‘)&U{ﬁj‘_;l.hu,ﬁ.h}}:(;ﬁ}w.Q\ﬁ‘)bdfé))g}j@)Q)\Qﬁ'c@j.\qu.@)‘ﬁﬁl{ﬂn

Alvarez D, Luduena, P, Frutos E. 1992. Variability and genetic advance in sunflower, In:
Proc.13" Int. Sunflower Conf. Italy: 963-968.

Darvishzadeh R, Maleki HH, Pirzad A, Kholghi M, Mandoulakani AB. 2014. Genetic analysis of
yield and yield related traits in sunflower (Helianthus annuus L.) under well-watered and
water-stressed conditions. Genetika 46(2): 369-384.

FAO. 2016. Agricultural production year book. Rome. Italy. Available at: http://faostat3.fao.org

Gangappa E, Channakishnaiah KM, Harini MS, Ramesh S. 1997. Studies on combining ability
in sunflower (Helianthus annuus L.) Helia 20(27): 73 - 84.

Ghaffari M, Farrokhi I, Mirzapour M. 2011. Combining ability and gene action for agronomic
traits and oil contant in sunflower (Helianthus annuus L.) using F1 hybrids. Crop Breeding
Journal 1:75-87.

Goksoy AT, Demir AO, Turan ZM. Dagustu N. 2004. Responses of sunflower to full and limited
irrigation at different growth stages, Field Crop Research 8§7:167-178.

Hity AH. 1992. Genetic analysis of agronomic characters in sunflower, Proceedings of the 13",
International Sunflower Conference, Pisa, Italy :1118-1128.

Kemptorne O. 1957. An Introduction to Genetic Statistics. The Iowa State University Press. p.
4009.

Leon AJ, Andrade FH, Lee M. 2003. Genetic analysis of seed oil concentration and
environments in sunflower. Crop Science. 43:135-140.

Oncel I, Keles Y, Ustun AS. 2000. Interactive effects of temperature and heavy metal stress on
the growth and some biochemical compounds in wheat seedlings. Environmental Pollution
107: 315-320.

Orthegen M, Escabedo AA, Villarreal LQ. 1992. Combining ability of sunflower lines and
comparision among parent lines and hybrids, Proceedings of the 13", International Sunflower
Conference, Pisa, Italy: 1178-1193.

Ortis LG, Nestares E, Machado N. 2005. Combining ability analysis for agronomic traits in
sunflower. Helia 43:125-134

VoA



WAD jou st <) ojlouds B 0y90 Il med Cuslyy ay pid

Sanchez DG, Baldini M, Charles DA, Vannozzi GP. 1999. Genetic variances and heritability of
sunflower traits associated with drought tolerance. Helia 22 :23-34.

Shao HB, Chu LY, Jaleel CA, Zhao CX. 2008. Water-deficit stress-induced anatomical changes
in higher plants. Comptes Rendus Biologies, 331: 215-225.

Sharma JR. 1998. Statistical techniques in plant breeding. New Age Inter.Pub.:129-137.

Shekar GC, Jayaramafah H, Virupakshappa K, Jagadeesh BN. 1998. Combining ability of high
oleic acid in sunflower, Helia, Vol. 21(28): 14-70.

Skoric D. 2009. Sunflower breeding for resistance to abiotic stresses. Helia 32: 1-15.
SPSS. 2012. IBM SPSS Statistics 21 Core System User’s Guide. Chicago, IL, USA. p.426.

Tyagi AP. 1988. Combining ability of yield component and maturity trait in sunflower
(Helianthus annuus L.). Proceedings of the 12th International Sunflower Conference, Noisad,
Yugoslavia, pp.489-493.

Wricke G, Weber WE. 1986. Quantitative genetics and selection in plant breeding. Helia 23:
101-141.

y-Q



WAD jou st <) ojlouds B 0y90 Il med Cuslyy ay pid

Genetic analysis of seed and oil yield related agronomic traits under optimum and limited

irrigation in sunflower
M. Ghaffari*l, F. Shariati', A. Lack?®

1-Seed and Plant Improvement Institute, Agricultural Research Education and Extension
Organization (AREEQ), Karaj, Iran
2-Khoy agricultural and Natural Resources Research Station, Agricultural Research Education
and Extension Organization (AREEO),Khoy, Iran

Abstract

In order to estimate genetic components of variance for agronomic traits in sunflower, 16
single cross hybrids (obtained by crossing between four restorer lines with four CMS lines) were
evaluated in RCBD with three replications under optimum and water limited conditions. The
data were analyzed as LinexTester mating design. Results showed that under optimum irrigation
conditions, growth period, seed weight and oil content were under control of additive geneeffect,
whereas plant height was under control of non-additive gene effect. Date of flowering, head
diameter, seed and oil yield were under control of both additive and non-additive gene effects.
Under water limited conditions, date of flowering was under control of additive, whereas plant
height, seed and oil yield were under control of non-additive gene effects. In water limited
conditions, the values for heritability were lower than optimum conditions. This difference might
be due to drought stress. The results indicated that selection based methods may be efficient for
production of early mature sunflower hybrids under drought conditions, whereas hybridization is
needed for improvement of plant height, seed and oil yield. Screening of genetic materials under
limited water supply could improve efficiency of breeding programs for providing of drought

tolerant cultivars.
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