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Extended Abstract

Background:Sunflower is a cash crop with widespread cultivation worldwide due to its high
adaptability to various climatic conditions. The cultivation of sunflower has accelerated due to
the production and introduction of hybrid varieties that exhibit the phenomenon of heterosis. In
Iran, the sunflower cultivation system has recently focused on second cropping, which requires
tolerance to low temperatures during seed filling stage. The formation of yield in crop plants
results from the interaction between two components: carbon-producing organs, source, and
storage organs, sink. Identifying these components and regulating their relationships aids breeders
in the direction of plant variety improvement. Although studies have been conducted on the
relationships between source and sink and their interactions in sunflowers worldwide and in Iran,
there is no report on the involvement of molecular components determining hybrid performance.
Additionally, no study has been conducted on the physiological changes of hybrids during the
hybrid breeding of sunflowers in Iran. This research aimed to identify strategies used in sunflower
hybrids for yield formation under second cropping conditions, that is exposure to ambient
temperature of 15°C, and to investigate the physiological molecular changes associated with yield
formation in hybrids that have been bred and introduced over a 30-year period in Iran.

Methods: The research was conducted over two experiments (in different years and locations) on
three hybrids: Azargol, Farrokh, and Ghasem under second cropping conditions. The cultivation
conditions were set so that the seed filling period would be exposed to temperatures of 15° C. At
the onset of pollination, leaf number, leaf area, dry leaf weight, dry weight of receptacle base, and
five uppermost stem nodes were measured; at physiological maturity, capitulum dry weight,
capitulum diameter, dry weight of five uppermost stem nodes, 1000 seed weight, number of
achene (filled and unfilled) per capitulum, and yield per plant were measured and counted. Eight
days after pollination began, invertase enzyme expression levels in the receptacle base tissue were
measured using Real-Time PCR technology. Data analysis was performed through combined
analysis and mean comparison after ensuring normality.

Results: The results from combined analysis indicated no significant interaction effects between
experiments and hybrids for all traits studied. Regarding source-related traits, the Ghasem hybrid
was significantly higher than the other two hybrids, while Azargol hybrid had significantly lower
dry leaf weight. Thus, in terms of source strength, Azargol hybrid had the lowest value among the
three hybrids. The dry weight of receptacle base and upper stem nodes in Azargol hybrid were
equivalent to Farokh hybrid and significantly higher than Ghasem hybrid. Additionally, there was
no significant difference in the number of achenes per head between Azargol and Farokh hybrids.
However, 1000 seed weight and seed yield for Azargol hybrid were significantly higher than for
Farokh hybrid. The amount of non-structural carbohydrates stored in the receptacle base and five
uppermost stem nodes in Azargol hybrid was significantly higher than in the other two hybrids,
while the contribution of remobilization from receptacle base and the five uppermost stem nodes
to seeds as well as current photosynthesis contribution to yield formation was statistically equal
among all three hybrids. Invertase gene expression levels eight days after pollination began were
significantly higher in Azargol hybrid compared to the other two hybrids.
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Despite having higher source strength in Ghasem hybrid, the dry weight of the receptacle base
and the five uppermost stem nodes were lower than those of the other two hybrids, likely due to
some resistance in translocating assimilates from leaves to sink. The equal number of akene and
dry matter weights in receptacle base and the five uppermost stem nodes at pollination onset for
Azargol and Farokh hybrids alongside a higher 1000 seed weight in Azargol hybrid likely resulted
from greater invertase enzyme activity in its receptacle base tissue. This enzyme facilitates
sustained phloem sap flow toward the capitulum as a temporary sink, ultimately leading to
increased 1000 seed weight. One function of this enzyme is to protect tissues against low
temperatures; therefore, special attention to high levels of this enzyme's expression in capitulum
tissue could enhance breeding programs in second cropping system of sunflowers. On the other
hand, examining physiological components affecting yield formation in hybrids introduced over
a 30-year period indicates a focus on early maturity that has led to reduced yields. If performance
formation relationships are considered from both physiological and molecular point of view as a
roadmap for sunflower breeding, it will be possible to create early-maturing hybrids while
maintaining yield.

Conclusion: Focusing on molecular physiology aspects of biological processes leads to a shift in
breeders' perspectives and increases the efficiency of breeding programs. Considering the activity
of enzymes involved in starch and sugar metabolism, such as invertases, can increase yield despite
low source strength while enabling tolerance to low temperatures during seed filling.

Keywords: Invertase enzyme, low-temperature tolerance, second cropping system, source-sink
relationships, sunflower
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Table 3. Combined analysis of variance for three sunflower hybrids over two environments

N Cur
Leaf Leaf Leaf Achene Area y Rem
SOV DF No Area Weight RBWA SWA CD No 1000SW Cap. Yield NSC Cont. Cl‘)g‘lfrtt
Env. 1 2.01* 0.09ns 5.7ns 5.2ns 0.1ns 3.4ns 25540ns 32.8% 0.2% 0.6ns 0.7ns 0.2ns 1.2ns
Env 4 0.02 0.35 03 0.5 0.006 1.94 23056 34.6 0.5 1.05 0.67 1.9 0.9
Hybrid 2 5.8%* 0.2%% 11.7* 1.8ns 31.4%% 2.7ns 81056* 37.7% 1.15%% T9** 23% 7.89ns 1.2ns
‘;‘yé’;:,d 2 09ns  0.0Ins 0.3ns 3.1ns 0.8ns 190s  9503ns 3.47ns 0.0lns  0.8ns  09ns  3.8ns  0.032ns
8 0.3 0.07 1.4 24 0.3 0.6 11673 6.2 0.02 0.28 0.2 2.48 0.52

Error . .

*, %% and *** indicate significant differences at p < 0.05, p <0.01, and p < 0.001, respectively. ns: no significant effect
Env: Environment

sime Sl3l g pas s iiud p<0.001 4p <0.01, p <0.05,> (5,5 gxe 0dind JUid (i ey ssits g s 8
Leaf No: Total leaf number per plant, Leaf Area: Sum of leave area per plant, Leaf Weight: Sum of leaves weight per plant, RBWA: Receptacle base dry
mass at anthesis, SWA: the five uppermost nodes dry mass at anthesis, CD: Capitulum diameter, Achene No: total number of filled and empty achene
per capitulum, 1000SW: 1000-seed weigh, Area Ca{): Average area used for each kernel, Yield: Kernel dry weight per plant, NSC: Non-structural
carlﬁohkydratles,' I}gmob Cont.: Contribution of remobilization to the kernel yield, Current photosynthesis Count.: Contribution of current photosynthesis
to the kernel yie
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Figure 1. Leaf attributes of three sunflower hybrid at the beginning of anthesis. A- leaf number per plant, B-leaf
biomass, and C- leaf area per plant. In each panel, means having common letters are not significantly different at
p<0.05.


http://dx.doi.org/10.61882/jcb.2024.1589
http://jcb.sanru.ac.ir/article-1-1589-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-04 ]

[ DOI: 10.61882/jch.2024.1589 ]

Wy IoSlge ot s8> g3 a8 > Sl (slay e 3,Skes 6 U5 55 ige el
A B
25 o

3 a = 7 a
@;{] 2 2 @
£y b z g e a
201 24 s
g l g A a
z O 2104
213 g4
g CEI 5 353‘ Jlﬂ 2

= wa

Azargol .5 Farrokh - & Ghasem .. Azargol 1,5 Farrokh - & Ghasem ..
Hybrid Hybrid

e Sile o o (gly Bl —0 g s S 3~ o0, KoksT by s 13 a3 SLEBled S gy loj > SutS 59 - JSS
A Jao)d B Jlais] paw )0 I pixe gldy W8l bl o (S e Bgy> Ay a5
Figure 2. Biomass at the beginning of anthesis in three sunflower hybrids in A- the Capitulume base and B-the stem.
For each trait, means having common letters are not significantly different at p< 0.05.

39 g0 bl &35l g1 wuld e 51yl (g5 sine
9 5den Solue 258 9 IS0 by 93 )5 (50 )ab &S
& bl g ool Jl b 292 @uold sy I 35S 5
by 5l S ()3 dne pobods £58 0y &l 5 g 12

Sl J5 3
39450 Cuwl (Son Jole dus lowgs ABAS 0 5y g 903
:.\39,;'3

Foyly (Sl sLid 5 3o 59y 3 (2Lad Cudgioee )
Hernandez, 2015;) JSis Jb o slbddis gow
(Lindstrom et al., 2006; Sinsawat & Steer, 1993
Alkio & Grimm, 2003;) 85T SMeww! dlgo —Y
s oy culd, -Y 4 (Kithbauch & Thome, 1989
Behbahanzadeh et al, 2012;) us » Jb
(Sinsawat & Steer, 1993; Steer et al., 1988

dyrge 9 oo 0 gbad el (s)lme Slisas Gl jlad
Sinsawat & Steer, ) dou o 48,5 jlai )3 adaid gl
Gk il 3b @S colue dwbxe b sl b (1993
ol 4 Budo ya (cladBaid Sl pund 5 0l Gl Jg0)8
00,5 3yglp dBud ya bawgy ord Jidl (lad wwolus
85 9 ol e 93 (o BBy sl ol > gLab
Soyud onl 93 dizpp (S (e Sl SuaSu L
b sl b gxe gl ST L chs oyl Gl
(oY JS5) 092l % 5 531 sy 9 0y B8 Slass
2 Ol e Sl (S (350 03100l o 4y Lole ol ol
LAk el &ls )l}m 159
Al 3,8l 55 S5 55 (5ol g 5 33550 J i

osly) gl oS dtwlis (ggiee Olpss bt olwl y
5 USLJI’.."B]OJ; gy 5! o j9y Sl ‘(Jdlbm o3l uLM)
iz 93,5 o SIET 3o 5l aome JUiml vy ot do (3o
9 d"la 5 Sis ole u‘).wu Lgl.md).;o)".\.ﬂ 9y oles
SIS £, 51 o gy a8l VL (sla ik
Sl Bl SBs8 0)5 gy g b S Sis odle lyuss g
Ao om0 SeInjd (S U SLisles)S g9yl oo

O b by i
odbline b pud duw o G a8 D (g me OS]
A 5188 g S5 s Bkl gt cnl )38
SPne st uld 4y Bl =9 alie g)bl
Gy Copenl (Y JS8) 390 53 e ) a8
il g S ol plgsdy Bl cudae bl
9 23085 cpl 51y (6 3 me sobody JS 5N e (310
89y p2 oMb J;S.uu 48155 dluas Lol Dy w.wb A ‘3,‘.‘0
JK8) 290 Gl bl s 103 9 ST e Sl 3l

(Y

Sy e dw Al iy Gr @b S
S & bgpe aild sl g o e (g JS8) sl
wldie (gylol a5 51 03 sy 93 4>yl (59 92 53]
)90 &yt dus gy ST D ySlas o (6P gme BB g
0239 B )l 3 ,8des cpl (31 JSK8) 2035 samliie (o)
reS 9 S5 dped 4 bgye 805 5 Slas (il
b 78 Ly )8 ssalin wwl s glp o
Doy Ay pud 9 Oil—O:{LA &> Sos

il B So 2y (Afgy GSUET slay pn
palols ©jgon G5 53 )Sles oijlo slial cplpl
2 g oo 48,5 Ja5 13 &b e 5 40 Bub 40 ild s
SPsire s S dpee a0y adlas
4 Meawwl dlge Jlal ol by g0 1500 W o 93 51 i
S Sy 9 3l i by ol 000 b glaai
o odg
G gy laxdls Db b Sl e 08
(Palmer & Steer, 1985) 54 0 03) posd (s, Sokidl
Mol dlge (gl Lold sl ol lbaoxdS slasi a> jo
ORIl 5 )38 el g 4l ioljSl (SLidles S5l ey
Sladily go0oxo) dgn g0 4B JL\ju" Sl a g bbb o
29l 9 28 Ly b lde J5)5 W 3o 3 ((JB g 5


http://dx.doi.org/10.61882/jcb.2024.1589
http://jcb.sanru.ac.ir/article-1-1589-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-04 ]

[ DOI: 10.61882/jch.2024.1589 ]

VWA

VP /Y ojlass fppsin Jlo /2y lS oMol 4ol jingy

g o 0l 0 Sleidlo pe sl jing S aS yolie
S 1 o g 20050 Jli e 0455 ol s
ol LaaBaid &y a8l SBgd slao)S g 3bo

g
<

=y

=3 il a5 =g b 40 B Dl —C (o Hlad-call

er capitulum

T 9 b St o3lo ggerme o BB 5 )b e
2 Egome (pon b (SLEBldS £9)8 53 Bl (JBgS oS
w‘ (A-Y JS5) 1035 dsloe Sojels 58 (Sdams) loj

U I B

Farroldi = 5 Ghasem
Hybrid
2 4 65
4 €0
2 3
: 4
= .55
Fol
Farroldh =5 Ghasem .
Hybsid
it
b b
Farrokh Ghasem ..z
Hybrid

Ry

OIS S IS e s 5500 L laye i = IS
1S ol Sils o o (gl 5D o Langs 0 i Crlna o g Aigy S5 3,Slac

Ak Lo )d O Jloss! pdaw 5o )b gixe
Figure 3. Sink related attributes of three sunflower single crosses. A- Capitulum diameter, B-Number of kernel per
capitulum, C-1000 kernel weight, D- yield per plant, and E- Average area used for each. For each trait, means having
common letters are not significantly different at p< 0.05.

o Fad > St oalo o i 5 g S 31 e 9 (s
Sl fuagd &5 Mo b 2o 5 g SLiBled S 95 50
w2l 990 Cnlpl g pln (ylol jlai jl s Uil
e Y 93 (pl pogad 53 (BB (SHhosl dlge (395
ol dlgo g (S (LS (B 0> (sgw I Bl oo
Jole 055518 ga3 Jb )5 (gloddaid JLisl )3 il 5 (S
Wb gohae Gl (38 p J )3 sbdbas o B,
2 op Jb > ldaid (o <) U gege cnlple
Moisine ol oo Sl 03 E5 9 53y 93 poguas
Wb e 93 nl o A 3 g

2 (Sledlo 3 glacySonm b) saome sl lade
999 550 oy 93 3l i (651 gxe yobs J5 )3 Wy
(Y JS8) 0392l e cpl 1258 5wl o puen 90
dge Hlade 5l (635l il 5, S jl duaore il Hlade Jusls
Gl (gl iuwgied slive b badily 4y oud Jaiie Mol
2253 3,8kes (65 ISG 5 (o)l hwgigs S )lie duo )y
JS5) 39 saome JUil I o8 e85l ) it by 4
05 Sl Flwgied mrw i 5l by e g (g 9 o F
JS5) 00,55 samliie (g gme OS] dazee JWES) pguw
{zs=Y


http://dx.doi.org/10.61882/jcb.2024.1589
http://jcb.sanru.ac.ir/article-1-1589-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-04 ]

[ DOI: 10.61882/jch.2024.1589 ]

WA I5Sge 535558 505 J p3 S 3 ol ST (slad et 3,80a (5,5 IS 3 ge Jloe

|
D]
9

Farrokli 2 2 Ghasem 6

A B33 > Slas 3 duome il eS)lie —z 9 (5l Fuwesd ¢S lie

Hybrid

Gl 5 (achang S —ll . SLEdled S g9y oloj 5 Al JlBgh oS & 5 i ) (huowasl e S5m0 JUal - S5

—0 dnaas 4 il g 0,5 gy 5 b Sl oad Jiie

A Ju0)d O Jlois] gaws (3 I gixe oglés 131 il oo Syt gy dnly 45 Sla Sl Hlade .ol Sol3] 1y yun
Figure 4. Remobilization of assimilates from rec (Ftacle base and the five uppermost nodes of the stem at first

anthesis. A- Non-structural carbohydrates mobilize

from the receptacle base and the five uppermost nodes of the

stem, Contribution of B- current photosynthesis and C- remobilization to the kernel yield. For each trait, means
having common letters are not significantly different at p< 0.05

G S 03,9 008 (L2 ()l B 3 Syl 3l e
5 Mol dlso JUES! Jogwd 3 365500 w3l 85 2L
ol o yo)135 (Biet al., 2018) &)d jo y50m0 )yad

iz st JS01 g 28 Ny 53 0 gito o3l
ol 23 b S )3 S ole e (35 g1 sl 3] S
Mt g ply o bty 93 cpl > SLaSled)S g9
s IS5y 53 3By90] w3l Clled g sl oy
Sge dlge 45 S (yrands 415 9392 puld 9 )8 S pu 5l
Dy > dbsly e plyea Bb S (el
ol ggdge ul Cusl 0351 03 iy 93 31 iy S0
by gBBas (dly e Shesl dge (35 walyd
o3> a8l ()ls e yobotu |yl il l5m 159 g oaud S50
JCEE IEVETSINIVERCE I KVC I N NP KV S VNN PO
3 ity ()lisine ysboar J5 )3y pem il 3 Sles 28
ol 005 38 4y o

O dls e B yd S pudais clasgSa (380 ol sl
3,8 5l 43 VOZY (glod b 415, 50L8T 45yt a4 ails
CuiS Al yud g slej oled bl yd aslie a5 53 )5 dnlge
S Linlejl obs .l Juixe (Slg po o), Sols] pgd
Jsl Jus oy o 0a2les lgisas S50y puem (9
SYsb gloj Jooal bag bl cnl > ol 53 ol oLl
b ond Jow O joy Vv 399) bped cnl (o) 0)9
2 ol ) GbRgy el (Sidngd S
ol ol 395 e Sbul ggwdy 3Sles
2 iyl o3l s Sl Sl oSS (i gy
ax YY) Jly by & cund ub bl bl
29 o jl opiomed (Xu et al., 2017) cuol (31,5 ol
b (U] ale) 59,5 5 35 50 S sl 5l collad

sl o5 ol
Dped b b S Bl Jlsll o Gl e
Wb (655 03lul SLidled )3 g0 5l s 59y Cadi oyl S8
S dyem > gl of e & 39 ol 5l S b
Ol Gl e 9 992 503 e 93 5l ik (6o 5l
(0 JS8) 392l ol 9 255 da e 93 3
cdgo g ahawly Gie olgisdy (Nl Gl &S
Hall et al., 1989; Pereira et al., ) Ll o it sla]
DS lasigl 1 SMuewml dlge &S Sxe p (2008
d)lf,;ubolfois.\syz@w&b‘_&,;wa
Lgd oo Jile goi Jb p> sladily 4 3l S )l «glate
iS5 59,5 9w 3l Bas 4S) _Mhsapesl Slgo a5 1 e
59,5 g ol ¢ gubo oS y> (Farrar et al., 2000) .\;lom
d9)ﬁu&&@>bu|¢ydﬁxbébﬁdm¢
Farrar & Minchin, ) oud SMuogol dlge adss 5 Jls]
S ggwds (Sogwl dlge dg)g i des j3 4 (1991
ol (JSito ) 5ol (sl Moo inS 51
@ j9)S g slorten b Bajlysnl julas 59,5 g 08 59,0
e 3> 335 a2 ) (Sturm, 1999) 555,8'y 55585
.)|9A J‘..Q.u‘ W) L)’])’L'" 9 0.39.0.) Caxslow (‘jAb uf) d..J?u
Roitsch & ) 25 0 baas b @S Cuomwdy SHosn]
Jbyss] o3 ol 009 yikde ) gadge (pl (Tanner, 1996
BB ol g 258 L ped 0 s 5 0y b ST 5
e (92 pbm )3 gpdge cnl Ormen Cusl odalis
Sy b 4 Jusl BB Sleidlond lac])ing S
bt g odalie LB 5 100t 9 4 Cons 53]
ol gaw jo g Sleblo pé bachamg S e (30
OB 2 30 g e el 9 )8 b 93 O st/ 0


http://dx.doi.org/10.61882/jcb.2024.1589
http://jcb.sanru.ac.ir/article-1-1589-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-04 ]

[ DOI: 10.61882/jch.2024.1589 ]

VA

VEF /Y ojloss [pndan Ju [ 2ly; (lS #Mol dol jingh

35 4 (Dol dlgo (b2 (651852 ) 3,90 251 otee
Ole 9 Callsd Caz > Ol g Mol aplia duy oo jlai 4
3 35y0n] mpl (el b 50 wyun bulgis) buwgie
Yo Sloe b (slay yoon sl il (3o i) cdigo 5

Al jrolCuddge pgd cutS Loyl ys 13 cowlio g

Lilen oo Lop bl 53 <l (35 JUb g o 9 JooS
oo 088 ks L (Teper-Bamnolker et al., 2023)
35 QPR 5> Syislgazd (Suey Mo & 5550
S 3Bl Bl ole oo Vb bl Bl cuty (00
e oy p0 b el cul (Sae S5 b pua b
DA 4 4295 b Bl Sl b (S 9 B iy (63,

40 deltalt
" ra w
3 o ] a
|
.
o -

wobol w05 ol e - SLidled )5 g9 0 il a3y Cadid ) SlE] byt dus Gubo S p (40-deltaCy) jG)ai/ o5 ol gdaw —0 S5
&yl 3 lailiwl Blyil £ 3.5ke ©ygods ol 03,5 JuS Froie laluglis Cgruw gl (w9 10,5 Jbo g 5T (L3 8 5
(0=6) .Cawl 00
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