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Evaluation of biochemical traits and seed yield of sunflower (Helianthus annussL.)
cultivars in response to terminal heat stress in Ahvaz, Iran

Sheikh Mamo, B.1, A. Rahnama? and P. Hassibi?®

ABSTRACT

Sheikh Mamo, B., A. Rahnama and P. Hassibi. 2023. Evaluation of biochemical traits and seed yield of sunflower
(Helianthus annuus L.) cultivars in response to terminal heat stress in Ahvaz, Iran. Iranian Journal of Crop Sciences. 25(3):
275-293. (In Persian).

Introduction: Climate change is a very serious threat to crops production in all regions around the world. Heat
stress is a consequence of climate change that affects biochemical, physiological and molecular processes of crop
plants, causing alterations in crop growth, development, and productivity. Terminal heat stress is the most
widespread and type of heat stress in the world that limits crop productivity and ultimately food security. Sunflower
is moderately tolerant to heat stress. It can tolerate higher temperatures without suffering from heat stress. However,
sunflower is more susceptible to heat stress from early flowering to grain filling. Hence, it may be severely
damaged when exposed to terminal heat stress. Biochemical and physiological responses in crop plants are
modified under heat stress. It has been shown that tolerance to heat stress in crop plants is associated with an
increase in antioxidant enzyme activities. The physiological and biochemical responses to heat stress vary among
crop plant species and genotypes which can be used for development of cultivars with high temperature tolerance in
crop plants.

Materials and Methods: This experiment was carried out in 2017-2018 growing season in Ahvaz, Iran, using as
split-plot arrangement in randomized complete block design with three replications. Main plots consisted of three
sowing date including; 11" November, 11" December and 11" Janauary, and five sunflower cultivars including;
Qasem, Fantasia, Shams, Lakomka and Progress were randomized in sublpots. Sowing on 11" November was
considered as normal sowing date, and sowing on 11" December and 11" January were delayed and late sowing
dates, respectively. In the two latter sowing dates, flowering and grain filling periods were exposed to moderate and
severe terminal heat stress.

Results: Terminal heat stress in delayed and late sowing dates caused significant reduction in carotenoid content
(27% and 56%, respectively), seed yield (30% and 32%, respectively) and oil yield (18% and 28%, respectively),
but increased catalase (63% and 55%, respectively), peroxidase (107% and 56%, respectively) and superoxide
dismutase (43% and 67%, respectively) enzyme activities, carbohydrate concentrations (18% and 30%,
respectively) and malondialdehyde concentration (46% and 98%, respectively), when compared to normal sowing
date. There was significant differences among sunflower cultivars for most of studied traits. Lakomka cultivar with
the highest values of biochemical and physiological indices such as chlorophylle content, antioxidant enzyme
activities and carbohydrates concentration and with the lowest malondialdehyde concentration had the highest seed
yield (1579 kg.ha'?) and oil yield (608 kg.ha*) under terminal heat stress.

Conclusion: Exposure to moderate and severe terminal heat stress differently influenced physiological and
biochemical traits in sunflower cultivars. The severity of terminal heat stress played an important role in the
cultivars responses. Progress cultivar had the lowest reduction in oil and seed yield under terminal heat stress,
however, cv. Lakomka showed highest seed and oil yield in all three sowing dates. Therefore, it can be concluded
that cv. Lakomka is suitable for being sown in normal, delayed and late sowing dates due to least variability in its
seed yield.

Key words: Antioxidant activity, Heat stress, Seed oil content, Soluble carbohydrates and Sunflower

Received: October, 2023 Accepted: December, 2023

1. Former MSc Student, Shahid Chamran University of Ahvaz, Ahvaz, Iran

2. Associate Prof., Shahid Chamran University of Ahvaz, Ahvaz, Iran (Corresponding author) (Email: a.rahnama@scu.ac.ir)
3. Associate Prof., Shahid Chamran University of Ahvaz, Ahvaz, Iran

\Atd


mailto:a.rahnama@scu.ac.ir
http://agrobreedjournal.ir/article-1-1323-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 |

"YVO-YAY NP Y (O, 5 oot cnols LT el 4wl 3 Skt 5 oland sy Slio bj,1"

5T SLaOST ST 5 568 53, 05568
Aol 5 LS 555,18 cla sl 5T (Lady sDd U sle
.(Soengas et al., 2018) ol al JolSS ¢S5 Sl
OLal 51 S (Helianthus annuss L.) ols KT
Jq\,;\_fd)\f;u‘}ggpd@\@;,,mw
o 3 b ey lae s 5 ool b
s S S Olgm Gblie 51 mwg aals s
Sl 2V (galaal g (g5,5L i8530 sl
oLS S 0l seas 0ls LT (Salehi et al., 2023)
3 S 05294 ¢ ool Dl oS 5 e 53 bl 5 0l
Yo oYL slabes § 8 53,8 e 515 VL slales 5 T
J=B s SO Asy 590 L;b).s.sljfdﬁlmig-)a
3,03 0T gy CodS 5 asils s, Shes s gz 55
OLalS L L awlis 53 .(Chimenti and Hall, 2001)
ot aalllae Ol O3 BT b 5 55 Sl el
Sl s iy e 53 Sl (S ol ol o
LS oles aliwl sy i &yl jlas YU glas
Sl ok S5 E 31 8 il 4,5 YA B YF 0ols KsT
013 ST ol fums kT .(RoNdanini et al., 2006)
wfju\zuizﬂju)y\f@wum
los i ety Jolpo ol b alin > Glisles §
L LS a5 il ol 53 15 el 5ol W
sl cCLJJJ_: S as o.ﬁjf slals 05,5 V.:io
O) ebadls Db o Ods 9 Co (b s aadils
Cp gt 315 g gllasl S STy 2y, CaS 5 Laals
AUE sl 53 YL (slos 25 4 0l BT ol
S g by AU Sl s 5 63 0js 4 b e
YU sles [il31 a8 Gl o il 8 el
Q\Jﬁ\_‘é-\'@\b&uﬁ:a)}bgs_b)bg}_llﬂﬁbj\
Sy o B sy kS 5 adls olg 05 ShalS sl
0595 sk 5 Cs - ialS (Chimenti et al., 2001)
T LS (b s il sl RalS 5 e S
o=l =Ys Sl olea L;u(.l.\_sl&;:}-o,-”gfﬁ
(Chimenti and Hall, 2001) &l od_i pole! sals

ryy

400

3L glales ¢ Jan 5 b o 5 o o

Eely g anbls ely; OlS o lasl SIS oy
S L g o geamme g Ol pe 5 5 Shas a8
e 3 (S YL glales 51 b s S
Il 65sliS OV gome S 5 Glalys gl
Loyl -5 5o YL glales 355 o o ez Olgr 00T
O N B P N Y 4
OIS o oo 1 T L dblis ¢ 5550 00l
3ty 65 (o5 0aLE 3 a8 s a oo
35 gn o pmmmn Lo 5 225 L ablie ol g
Slew - YU cles (Herndndez et al, 2018)
538 o S OLAE (K555 58 5 lentisn
st 5 (S0 5558 e Sl ealizel L OlE
e sla i 4 SLL glas ol Ol peas
a5l 58 5l J loe 3150 oS s e O ST
5 ly oSS Ol sie 4o CIel sl b s B s
o Ll b s OlalS Ly 5 S blis (gl g
~ YU sl (Chen et al., 2007) L s-i oo < g
5315 g skanls ST ol s Shas 5 (g 8 ZJled
RGO RN VIO o -+ PR S G N [ I B )
LS S5 5 ailinT Lo (glos 457 oKt
o315 5 OLALS 55 o3l S| sla STy oy, 13
sl , 8 mSTy 05 ST glaa 58 A Sy g
LSS 0S| ¢ oS 500 STl s OIS 5,
Sl ol g 1580 0550 STy 5 (LIS)
oLS 5 ol (Mittler, 2002; Salehi et al., 2023)
S O el Gy b 51 oS acs d sl
S SIS g sladal s LSy s (o lie
b o olS 3 Shee 5 i, SialS Eel gos S
O S0 ablie 6l 5 0LE s .(Wilson et al., 2014)
21350 5 S 05T gl £ o sllaas
A8y g sl 5T Jald (lodomy S4nST| 5T
STy Gl Sl ST GYBE G g


http://agrobreedjournal.ir/article-1-1323-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 |

\F"'}il.;gr'a)knigrqd;ﬁ}%dl?g"Q\_}i‘gb)'rjk—A{fii"

b B s el 55 el S O son Sl
i ol ) SS a3 Bolas JulST glaeS b
ATY gl o Baay) OLT Y CoblS fu s
5 Pl glal S s (ﬂi’aﬂ:) 63 Y 5 (6, b)
LSy (8 5y b3l (ol ols Kb =
L osls 5,8 e slals S y3 g e g
5 oo Bl 08, el ST )25 el o)
LGS 55 by 5 oy Ol o 85 o5 il
5o Ol pmad 0By 5ol S5 )y Ol
53 01, KT sl Culie Ol s o5 ST
el o el e olsl Oliw ) 5 Oliwl Jlots
Ol s 4 325 ol b «(Kalantar Ahmadi, 2023)
S p e 5 Sl pal adale b Ol = Jled ol
osliwly A8 el 5l ey OAd Lay (6l S
a5 L Ok 5 sl sl sla S6,L 5l 4
Qu;.}bwj\uwj@)b&‘\-vsu,ﬂb;
Ol gl Glo o L s gy (ol Ad 0593
Cil f LS Ol 4 0T Y i L
Sl S 55 b 8 s (o pllas) oKl
sl (B8 Ol 5 i s 4 odd Jlesl acb
Sl ol A A 53 (e 5 (e Jalse
SLeMbl . ds g alin GLalS U syo)9s b s
OLai ) IS 5o GislaT (ol ol s il a
] 0l 03
2SI e s (K58 05051 S ol
(= o ST Cl el Y U e Gas
S Sl V/F a sl cdo s +/FF ST ol
WY Cdsr B b e o wies s o F/A
e S e T ol B el p STAST 0 5 e
Syl sy oys /29N S 055 25 5 p S S
S35 A 3y 5e SLaC IS Gl s Ol KT ol
S3 a5 e Sl VO alols L (g e dm s =y
w il (g, Sl VB0 Gas js e e Yo Cars,
Cu)lwgﬁu:é.ulpu,;gomﬂ‘cwu.,um

YYA

LS asy gla jasLs 2alS 1 e plie s
w5y s T (Sl e o5y [ IS (5l s
Uls bgy CedS g asils 3, Shas (glasjgy Culda
Oliies plw v e § s 51,5 0ls KLt
(Haba et al., 2014; De la Vega and <l odis i )| S
.Hall, 2002; Rondanini et al., 2006)

5 mb b 93 55 Olw o Olal 53 Ol KT
el Sl Gledas (it 3 5b o0 CiS Ol
CiS 4 Ol b s Ol Ol (655528
ol p 8 L 1S 2iS w l ed 0 5 Bl
B ¢ ot Jds 4 sl gla Jle ys s 9 0 03ls
ol 53 e IS s o dags sl 5 BT p 15
Gble 5 5 S Cel )5 Ok = Olinl (6158
oLS Ol sieds Ll 5 o 013 BT 5 0 3 g Oliul
g osls Hl 3 adbie )5 gl bl s Jl)i-:\"
Ao d g il oyl a5 L K05 (g5 |
035 o oLl ga 515l b Lol gl 51 31 pal adlate )
CiS 5 CilS e (Gl esle] Cgr cnlis Cus b
Cotl 454 5 L5 yls :g-gd\ﬁ,bd\:ﬁtﬂ ol
s 0l 51 S Ol geas 0l KolT 050l el
jﬂgﬁj\oujfouuawﬁj,u;
LS i) 053 3 Joab Ll gl S ¢ 55 Jo|
Sis 50,8 glsn 5 T Ll b s 0l KT
YU les 4o S (le)\ Cely) daw 5 Ol
S Ll 5 o Sl oS Ol geay 0l Sl T
ol s T 51 Codn ayls Soyg i g 5 s
5 be—dgn (L83 S5 L)
ST 5 YU slns Jrami U e ST 5T
ploil 013 ST tiukial 261 5 Shos 5 iy 0T

RSO

b ~9y 9 .315.0
49)}& 2 \Ya9-4v 69‘)) Jl.w B f.éb- J%L‘)T
Ol e dgdo o8 _zsls Soyslias oS iils R


http://agrobreedjournal.ir/article-1-1323-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 |

"YVO-YAY NP Y (O, 5 oot cnols LT el 4wl 3 Skt 5 oland sy Slio bj,1"

Wy 3T 53 &S 03,8 Ll I ey A
e i )5 (gyLis Sl oslizal b laas gas
(539 sk Ole 5ol oals 515 L -V0 5 -0/
o gy Ol e s o S 2 > ST
56 AL o paie Djg a5 L 26 a s ST
eslimnl Jobb OT Hluie 5 s S 555 Cusb
Bk 53 o S e Cugby polie pST LS
Al o ST oz Cugh) ol b 25
2 s s i ST el Cs b ds s
ol osliul U &S oz S sby (LT
ProCheck, Decagon Devices, ) (TDR) seiwcs b
.s),_ﬂﬁau.ago@)v@)a,dﬁfajwl(USA

Al plesil (LT e oly b b s A LS

Gl a Sl cas 0 JolS O G 5 595 0l
OLTYO 5 i o&a s 5 6 b (plBlne s

ﬁdf\ﬁ-dij@Lﬁq@jl{.aﬁ S YA 5 ,3T Y8
d 3508 Oljn 5 o jiend BB jiud dgy A (Sl
Dlid g oo 5| i LS 3 p S5 LS Y0
,\_:i,a,a¢;j_1tsxf~ 5ol Sl b Jsene
2 alasS Soso aessl oS mia Sl Al 055
O b psgh e e 3 oS w58 5 B Ol
S 51 e BN s 30 LT s LI S
Ol e Oy 0o 53 sl gLl 5 o plan]
sElie b ao A sl oS o by
Geos ) S ol ‘_}.1\5 uT Sl Ll ¢t>u‘ S
Gols s 4 sad a0 S (g e Bl ¥ b Las

S Precipitation _§ L
m—TMAY Les ;_(u:_

q . —
o 8 Trmin b fle 70
040 =
ey - 60 =
0 -
5 35 =
3 3 L 50 & o
\‘630 3 .=
. o
7 E 25 Sd0My S
O o,
9 3, 23
3 = EEE
2 F 15 =
= - 20 =
=z 10 =
= o
o - 10 A
= 5
0 0
— - . - . - Q= D = 0O
CO R RY RSl 28 E 882N MAT R nEBlR

—

(Ctgma)l OLL b 55T (ltal 51 500 L) 8555 s
Growth duration (days from Nov. 22 to May 21)

(Y48 oly5 ) (aaleiT (glal Joms cumlisl gn SleMbl-Y S

Fig. 1. Meteorological information of the experiment site (2017-2018 growing season)

ol b5 555, sbca Jbs IS (gl
<513 Lo (Lichtenthaler, 1987) L iy,
9 e AT Agd Ls\_AC}‘—"’ d_,_b BE Uv\—_>' Q‘_,_:A
f.ﬂ}:éjj;i‘: ol o wd 3> je gl ¥V
Lab S50l (Unico, UV-2100, USA)

(F B claakl )

rva

b @ Jds IS (sl pmn 6 S o5l C g

(s Syt 5 ST (g smme b 5358
M\ﬁyjjtw\ﬁc;YuKL;uﬁ)_quw
bl =08 e j0) Gk g i e 3 b ey s
sl—asS . 3l (Meier, 2001) (BBCH _ol i«

LQJ\JJ_AMJAJC_&K@)UJ_A)}LAU}&\_@S;\


http://agrobreedjournal.ir/article-1-1323-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 |

\F"'}il.;gr'a)knigrqd;ﬁ}%dl?g"Q\_}i‘gb)'rjk—A{fii"

Chla =12.25A663 — 2.79A646
Chlb=21.50A646 — 5.10A663
Chlyotar =Chla+ Chlb

Carotenoids = (1000A470 — 1.80Chla-85.02 Chlb)/198

A esletel Aoy

o g b
obﬁuu\syoﬁsmowwg,b 4 8l
Jlaz las 3 Jslone (S bt 53 57 (6 gome i
&G el o )3 Sl Lo 551 5 o ys
SLaibe )y o Lls 552 5 (615 e bl Aoy
Jlez! o 55 (ALE Sl S i 5 55 csls”
e T 3y (Sl re gl A ps g b S
Slsmomn joran Dlao 4lST (61 LSOl 5 03, A
A5y g 00 55T ol 5 J s slal jln gy S
Sl ne M)J@Q&JW\CL)J}:JJ'UMJ
Lo 013 KUST (slaas g (o Binay CoslS 0o 53 5
Ol 53 05,8 bl ys gdd )y ol o b s 1) g
431:().&,;3@41?J>|f4(\§uﬁ;)‘5ﬁ>';\5@\§
e Lo Sl 5 o 80) b e sl 8 25
Sl 5 58ke) Lds 5 (515 sle a3 YA 5 Y)Y
S 5153 (L Sl amys F/0 S VFY (5w bes
oLl 4 r\_<.‘.aﬁ: P Lg,?fu Cals 5 ab YL les

Al ao 9o LSy fud
Gl gl & 55 Sy pmo 4o iS5 b
37Nt Sl pine RalST el gsline sbe Juad
3 adls sjih.s« B - ) Qb)ifl_:éT Ct_s)l asls
QMK)JJ:}L'LE}MTCMJ@(&AQM
S Ly Ol g sty dby 095 Slejen s
Jsb 0 ol S 5 Hler izl s Juab slgsl sba S
Clj)lwM\JJJQLQ&Q\}:AW\;QJJJ.;}M)@}J
Y. %;qr@ﬁsjgﬁi‘\:wlfﬁ&:ﬁtﬂ

P S 5 o iy (S LS A )3 XY Ao s

YA

(\ adasf )
(¥ ol )
(¥ adasf )
(F aasf )

Sleslial L YUK o 35T b &S o5l

«(Bears and Sizer, 1952) ;w9 5 ,—u 9,
y\jb U'i')) )‘ oalaul b )\-\:_«S\ﬁ ViﬂT g:,_;.“:ﬁ
5T &l «(Nakano and Asada, 1981) IsLuT
j@:a_w‘J)JA_:)UHDJ:_Hf‘ﬁ}_w
OPls gl s (SMith et al, 1988) ol,LSes
S 5 Sl iy 3l eslial L oS, aslTes

(Stewart and Beweley, 1980)

Sl g—s
JSst 2 5t oslinal L Jpoms sl pdn S
Als ¢ S o311 (Sheligl, 1986)

33 e cls 655 5 (S o) Ao 5o
coxmj\uﬁ)aﬁ@\:ﬁ@;j&j\cfﬁo
Olej 4 ils p Ol s dawlous 415 5 Shae Ol 500
YA Glas (o Sln s 3553 Y4 oy 2l
a3 YAV s aio Lo o .sljfsﬁl_u >
Lg,_a-i.? SlacslS Ol 53 5 59,3 5o :ljfsﬁl.w
SO Ly i )| YF VY i oS0 s
a= 3 FV/Y gles aliin :\deb’b a3 Y7/V las
Gl o5 0 3 Shes 288 Ol 35 51 8 e
SaLS dos o e slS s U Gy, s
) CoslS s U slajs, sl 4 J e
ol ((@f,b 50 S Gl 5,8 5
oo ls S Sleslenal L ails e, gl gme A2
(FOSS, SOCCET 2050, Sweden) al .S s
NERPIRSIRY

SAS i 33l 5 Sl eslial U baasls il )l 4 s
O3 51 a Kl i (gl L Pl /) B
= ezl el 53 (LSD) i sine Dl [l


http://agrobreedjournal.ir/article-1-1323-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 |

"YVO-YAY NP Y (O, 5 oot cnols LT el 4wl 3 Skt 5 oland sy Slio bj,1"

Bl gl ol Sl s s 650 S sn
ey n i e o8n 5 5 (6B K

(b a5 =55)) S Sl o (oo sLes
oLl S () e ol 5 L5 o587
U CaslS I i sy calS s 0l KT
BYSRAS V.'cjd:l.etgﬁa'-bg:_&lf)s.(\‘djd—?):‘,_g
S ez (Las Ol jpe ¢ grame il s L2l
L;u;pa\gguﬁbfouggmt}g;g,;ﬁ
o ina CoBl 4 S ) 853 b ol sa (VL
o Sled Oljn e gy 0B 5S 55) VA 550
)Jﬁ&f&@&j‘ﬁﬁr\_ﬁ;ﬁﬂbwg)b
Ha pBlany Sl L alin pslie S5l s o8 e
Oy 5 el ¢ A UE ol pp O (g 53 o
5 9 S0 Sl OS s 0593 Jgb 0 6B ST 5 wils
R S 3l gl 5 Gidles 8555 0 ol S
le_njfﬂjﬁug;éd)bﬁ))bgub 5 Shes
Wiy a9 Jeb (¥ dgds) Sl 2als b sl
ClS 5 5ol S 5, ¥ el S s o sl )
O\in;téT )y Jl e ol s sy rlf.:.mg
OLej 53 4l 3, Slhas (2alS” oy ity o 8 55
35 n odalin 43 0Ly al> s 53 LS 25 g 8
Gl e S ey oo b 4 (Kalyar et al., 2014)
U 35 i G b 51 elS A 855 5 oalS
23 5 ol Slesleal SIS @L;Jﬁiﬁ);
Celb Bl Ol 1 Ol 9 Co o ) ol A
Ol LT il 5, Shas )3 g 55 2B Sl s
odd i,1;5 (De la Vega and Hall, 2002) 3 45 o
53 31,8 gl a3 ¥ YL slabes 48" cl
0T osllaels S Jods o Sltiles 5 ik
il 5, Shas (Laa sl (6555l 5 05,5 (slaasls
.(Chimenti et al., 2001) Las o 28 1, Ols kT
ol e 3 YL slabes O gllaal 3T bl
)zr&ﬁsjgk‘ucguw{):ubb_il&;
OV USE) 5 55 ggin il ialajT

YA\

5 LS SY 55 53 e 4l 5, Slas
(Jm,zrf}gava}\av‘\ O Fa) L edalin
Y Jou)
Jds o cals s s Ul b gl s
ap‘}@&wduf\{mguﬁw;@u;rﬁ
ls 3, S 55 Ao )5 10 5 ¥O O FF VA zalS
53 e 5 LS SV o 85 5 LS (ol 0
LS e ol s fBisan alST L s
NENSTRY/- 3PS VA SFTVA WA VA WA 97 00 E\ SEPY SO g P i
Sdie mal slS s L2U 5y e sl 4 hals
& XA P8 ol Sn 5 LIS (sl s 5 Shas Al
A0 Jslas i 5 4o Sldie 155 Lo y3 VF 5 ¥
590 2SI alS Aoy /YY 5 /DY /Y /BT
o e oL s Cosls sl csls s L2l
2 U S a sl e LS Ao 03 Sl
333, Shes ialS s glaesSe LB sl (slS
355 (L6 o35 jom) (6 U CoslS L s i
H:gc@i@)sﬁébgﬁs IR\ WP TN R
Lo S A LelS al) db;y epes Odd Coslas
ol e 555 5 (hus Aby 0y93 dsb el
Ol ST 1 ads” als 5 Shes ¢ il k> 1o
33 s sl 3, e (gl e 53 L ialS
S 55 wls s e 2l 55 1) e o2 e Gib
OLej 53 (Sl 0i5 0305 OLES pmyl5) Lol Hi;.aﬂ;
u\ssj_glw&};»fjaj;iﬁcc@g@&
AT sty et s LSS 55 s e
g.:z\sﬁ.(,&“;pf,gw SY Y LS )
02 il 3 Shes oy it 35 ¢ Bon s 5 550
uaauar_wav_;,)s,\wwﬂs,&;y
@l 5 5 6l ConlS oo 3 (Y i)
il 3 Slas Al Olie op 28 o555 05
55 dl ol L ezl ) (s 7 5 ¥ s 5a)
) s 5 pSlas i a8 08 e Sa S
rﬁ,g@@\ioujm,“u(w,ﬂ‘\ P


http://agrobreedjournal.ir/article-1-1323-en.html

VEY ol o ojlad oty 5 oy Ml 015l 2 sl 42"

Sl Ol slasbess 53 013, BT 5l @l 855 53, Sho ¢ glood s Slis ( Sile deglio =) s
Table 1. Mean comparison for biochemical traits, seed yield and oil content of sunflower cultivars in sowing time treatments

Sshaay S
IS Jos 5 Jone LS g dasSle b by, > Slas
a s b ss & Total sk 55 5,8 Soluble 5Y6s ST, 36 g > LT 04l Seed Qil s
Chlorophylla  Chlorophyllb  chlorophyll Carotenoids  carbohydrate CAT activity POD activity SOD activity Malondialdehyde yield content Oil yield

Treatments SlsTebles  (Mgg'FW)  (mg.g'FW)  (mg.g'FwW)  (mgg'FW)  (mg.g'FwW) (U.mglprotein)  (U.mg?protein)  (U.mg? protein) (mmol.g*Fw) (kg.ha®) (%) (kg ha')

Sowing time a0l

Optimum KW 0.83b 0.89a 1.72ab 0.77a 26.9c 0.0036b 0.0145¢c 33.9¢c 0.119c 1372a 36.8b 505a
Delayed ey 0.91a 0.88a 1.79 0.56b 31.9b 0.0059a 0.0301a 48.6b 0.174b 963b 40.2a 398b
Late oKa s 0.81b 0.79b 159 0.34c 35.1a 0.0056a 0.0226 b 56.6a 0.236a 933b 38.2ab 350b
Sunflower A EraT e

cultivars Yo ST 6

Qasem N 0.79c 0.92b 1.71c 0.65a 34.1a 0.0045b 0.0297a 37.4b 0.190b 535e 38.4a 206d
Fantasia L5k 0.76¢c 1.30a 2.06a 0.68a 33.5a 0.0062a 0.0225h 51.5a 0.148 ¢ 1308b 34.7b 441b
Progress R e 0.76c 0.71c 1.47d 0.64a 3lla 0.0048b 0.0189c 46.5a 0.187b 1150c 40.4a 468b
Lakomka K sy 1.07a 0.73c 1.80b 0.46b 31.5a 0.0046b 0.0209bc 46.9a 0.138c 1579 38.6a 608a
Shams ) 0.86b 0.61c 147d 0.38c 26.2b 0.0050b 0.0198bc 49.5a 0.217a 871d 37.8a 329¢c

ol 8513 e gl A 55 ety ezl pebas 5 € LSD) s sine CoMstl Jolim O 05T bl s iz &S 2n o ‘5\)\365\,&@@\?0}@,&):
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 2. Mean comparison for biochemical traits, seed yield and oil content of sunflower cultivars in interaction of sowing time and cultivar treatments
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sl lles shohusy S
Treatments a s )5 b s s 05 Jes i Jslows LS PR
Chlorophylla Chlorophyllb Total Lats 559,87 Soluble SV ST b yes LT ol G135 ,Shee Oil SaraS
ORI Sunflower concentration  concentration chlorophyll Carotenoids carbohydrate CAT activity POD activity SOD activity Malondialdehyde Seed yield content Oil yield
Sowing time  cultivars ols KT, (mg.gt FW) (mg.g*FW)  (mg.g*FW)  (mg.glFW) (mg.g*FW)  (U.mg*protein)  (U.mg?protein)  (U.mg* protein) (mmol.g™*Fw) (kg.hat) (%) (kg.ha)
Qasem pon 0.68f 1.04b 1.72bc 0.746a 30.9bc 0.0023g 0.0217cd 28.4f 0.133ef 1050e 38.3b-e 399ef
o Fantasia L3kt 0.82de 1.34a 2.16a 0.875ab 29.1c 0.0050bc 0.0214cd 44.7df 0999 1722b 28.8g 495¢cd
O;;timdm Progress S 0.76e 0.69de 1.45¢ 0.836b 28.5¢ 0.0033d-f 0.0179de 32.8f 0.127f 1102e 42.0a-c 460de
Lakomka sy 0.98bc 0.75de 1.47de 0.661c 27.3c 0.0042f 0.0073f 28.8f 0.929 2020a 37.7c-f 759
Shams ) 0.89d 0.64ef 1.40e 0.553d 18.9d 0.0032fg 0.0040f 35.1ef 0.143e 961ef 37.2c-f 314g
Qasem JOR ] 0.86de 0.96bc 1.83b 0.583cd 33.7a-c 0.0054bc 0.0371a 36.4ef 0.198cd 2269 36.3d-f 82.9h
e Fantasia L5l 0.83de 1.29 2.11a 0.832b 32.2a-c 0.0071a 0.0244c 56.1a-c 0.139% 1132de 41.7a-c 470c-e
D‘esl“;:/ ed Progress R an 0.75e 0.67ef 1.42e 0.624cd 29.7c 0.0062ab 0.0237c 47.2cd 0.190c 1136e 44.7a 588b
Lakomka a8y 1.18a 0.87b-d 1.72bc 0.403ef 30.0c 0.0044de 0.0325ab 51.6b-d 0.131ef 1319a 40.3a-d 533bc
Shams pas 0.95bc 0.62ef 1.31ef 0.368ef 34.0a-c 0.0066a 0.0318ab 51.7b-d 0.211c 820ef 38.0b-e 304g
Qasem pon 0.83de 0.77de 1.60cd 0.416ef 37.8ab 0.0060a-c 0.0302b 47.4cd 0.241b 3299 40.7a-d 133h
- Fantasia L3kl 0.65fg 1.27a 1.94ab 0.328f 39.2a 0.0066a 0.0219cd 53.9a-d 0.208c 1070e 34.7ef 371fg
ff;g’ Progress R an 0.78e 0.75c-e 1.54d 0.450e 37.7ab 0.0050cd 0.0147e 59.6ab 0.243b 1034e 34.7ef 356fg
Lakomka K Sy 1.05b 0.57f 1.63cd 0.328f 37.2ab 0.0052b-d 0.0210cd 60.3ab 0.191a 1398a 38.0b-e 531bc
Shams ) 0.73ef 0.54f 1.27f 0.222g 25.8b 0.0053b-d 0.0247¢ 61.9a 0.298a 831f 43.0ab 357fg
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test L5145 (5513 gnn sl 53 gy aionl o 53 (LSD) fgime 3D [ohtom 35037 sl s &5 220 U sl 87 oo ol O 5
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Table 3. Cumulative temperature (GDD) of development stages of sunflower cultivars in sowing time treatments
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Table 4. Correlation coefficients between biochemical traits, seed yield and oil content of sunflower cultivars in optimum sowing time

Plant traits 2 Sl SY ocC oYy Chla Chlb Total Chl Car SC CAT POD SOD MD
Seed yield (SY) als 3 Shas 1
Oil content (OC) gl ey, -0.29% 1
QOil yield (OY) ey 3 Shes 0.865™ 0.207™ 1
Chla a Jss i 0.445™  -0.253" 0.346" 1
Chlb b Jss i 0.132™  -0.392" -0.156™  -0.474™ 1
Total chl 0 Jss s 0.432" 0.559"  -0.030™ 0.090™ 0.919" 1
Carotenoids (Car) by, -0.014™ 0.193™ -0.100™  -0.749™ 0.774™ 0.539" 1
Soluble carbohydrates (SC) Jlows Slailydn s S 0.296™  -0.060™ 0.218™  -0.525" 0.407"™ 0.227"™ 0.515" 1
CAT activity 5Y6s 0.049™  -0.550" 0.432™  -0.542" -0.238™  -0.513" -0.144" -0.080" 1
POD activity SIS, 0.640" -0.010" -0.180™  -0.735™  -0.821™  -0.559" -0.938™ 0.664™  0.068" 1
SOD activity 36 e ST, -0.0327 0.547" -0.242™  -0.623" -0.579"  -0.079™  -0.657" 0.403"™  0.407™ 06627 1
Malondialdehyde (MD) e ol -0.5427 0.322"s  -0.648™  -0.510" -0.595™  -0.611"  -0.570" 0.631"  0.641™  0.262"%  -0.556"" 1
ns, * and **: Not significant and significant at 5% and 1% probability levels, respectively Lo y3 &S 5 gy dlel sl 3 s fnn I3 e b o iy e 5 % (NS

C&Ax:gj«lf);obﬁ\:ﬂ(@)\451.3g}é))‘gjbu}%im}&wﬁQW&ﬁ@%\fé—é Jad

Table 5. Correlation coefficients between biochemical traits, seed yield and oil content of sunflower cultivars in late sowing time
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Plant traits S Sl SY ocC oy Chla Chlb Total Chl Car SC CAT POD SOD MD
Seed yield (SY) als s> Slas 1
Oil content (OC) als by, -0.390™ 1
Oil yield (OY) s Ses 09607  -0.150™ 1
Chla a o i 0.459"™ -0.295™ 0.590" 1
Chlb b Jss 8 0.006™ -0.284"™ -0.080™  -0.596" 1
Total chl JS Jis s 0.576" 0.100"™ 0.650™ 0.696™ 0.160™ 1
Carotenoids (Car) lauts 455,18 -0.194" -0.250"™ -0.310™  -0.301™ -0.090" -0.460™ 1
Soluble carbohydrates (SC) Jslous il 5 S 0.137™ 0.560" -0.340™  -0.669™ 0.513™ -0.365™ 0.558" 1
CAT activity SV 0.145™ -0.248™ -0.219™  -0.480" -0.694™ -0.030™ -0.470™ 0.290™ 1
POD activity ST, 0.663™ 0.398™ -0.576" -0.330™ -0.485" -0.212™ -0.307™ -0.111™ 0.359™ 1
SOD activity Usamgs 4T, 0210™ 0149 -0.211  -0.554" -0.413"  -0.475"  -0.137™  -0.050™  0.150™ 0.106"™ 1
Malondialdehyde (MD) LT s o Jb -0.662”  0.308"* -0.751™  -0.613" -0.691™  -0.821™  -0.550" 0.838™  -0.743™ 0.242"  -0.591™ 1
ns, * and **: Not significant and significant at 5% and 1% probability levels, respectively Loy &Sy 5 gty dlel sl 53 s fmn 13 gme b 54y ek 5 2 (NS
YAQ
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