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Table 1. Climatologic, geographic and pedology characteristics of the two experiment sites
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Table 2. Name and type of the genetic materials used in this investigation

Attribute Genetic material name Genotype Number Attribute Genetic material name Genotype Number
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Table 3. Combined analysis of variance on some traits of sunflower genotypes in two planting dates

Slayye (155ke
Mean of Squares
2 3o B 320 32 L., 328, 32 &, - P
2 o ~= 99 3 2 A N S C2 4 382 A N =B A .
%\\/j s 457338 4 HozE 4 33szg 4 3EzE 4 579 E=3 L >
A RSE D= 2E JEDZ2 )= EoS ~S5oz2 D 32E =7 29
495% w28 3 38TE 3w Y8ES }52E > EES 9 H
[ w2 ©© = = 3 2 3’ & e <
o] Y s ? ? —35 20 —35 )
8.5 236.2" 4 127.9" 36 222.8 1 il
Experiment (EXP)
71.9 145 03 181 451 131.3 4 U‘QL;; #Erp)‘)ﬁ
" — SRTIONT
5183.2 237.2 6.6n5 352.2m 726.2 870.7 1 CwB )
Planting date (PD)
0.6™ 3.9 0.2 4.36™ 59.7 1 1 Cudls b X phalej]
Exp x PD
V olos
483 143 0.001 35.4 27.6 62.3 4 S
Error 1
1093.6™ 42.6™ 15" 63.4™ 23.4™ 85.7" 7 S59)
Genotype (G)
14.40 5.6 52" 192" 184" 314 7 ohalejl X udgi
G x EXP
3g.8™ 1.8 3 85" 232" 211 7 <udls é‘?«)igﬁ‘#j
X
cslS g )b x o lol
19.6™ 0.102" 0.5™ 2.3m 15.5™ 16.4™ 7 3:9;5 ;y ’
EXP x G xPD
188 3 0.0002 23 5.13 L1 54 Error2
2051 25.34 25.14 20.02 17.02 45.94 (12)3) ShyesiS 5
CV(%)

Cal o[+ Opdans 3 I3 pize yue SISl Gme NS LASL oo Mo yd o) g /00 prdaw D (6)l3 e sind LS o Sy
*and ** indicates significant effects at 0.05 and 0.01 percent, respectively. Ns stands for non-significant at 0.05
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*and ** indicates significant effects at 0.05 and 0.01 percent, respectively. Ns stands for non-significant at 0.05
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Figure 2. Mean comparison of plant grain yield in both planting dates over two experiments for eight sunflower
genotypes. Mean comparison was performed using Duncan Multiple Range Test. Means having at least one common
letter are not significant at 0.05 level
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Table 4. Correlation coefficient of the measured traits in the first planting dates over various sunflower genotypes
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036 o7, 074" 063 093" 084" 006 054 076" 065 076" 0827 001" Lokidlens b Sis gy
0.12 Capiul dry weight at anthesis
o:)f 50 48l Sis ey
0'_35 0'_32 0.18 0.66 0.69 0.72 -0.6 0.44 0.46 0.64 0.84™ 0.84™ 1 2-Stem dry weight at sl
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- - * ke * KA i UL’) ): L}b 3 0)9 7“‘
0.02 0.17 0.35 0.8 0.67 0.89 0.22 0.73 0.52 0.93 0.99 1 3-Capitulum dry V_\Ieight R
at maturity
: } Ooboj Bl Sis je —F
0.02 0.23 0.22 0.74 0.59 0.88™ 0.24 0.71 0.42 0.92 1 4-Stem dry Wei_ght at i,
maturity
- . . 3Lidl 03,5 (5 5y Sid 54
(4 P bd Q9
0.07 0.16 0.36 0.7 0.56 0.84 0.15 09 0.55 1 5-Leaf dry weight at anthesis
.11 023 078 076 09 067 005 066 1 GLdle2F > Sy Sl 570
6-Grain yield
* PHAN —5
0.17 0.08 0.5 0.53 0.54 0.73 0.04 1 7-1000 seed weight
PR Cuii—A
0.49 0.43 0.15 0.41 0.15 0.17 1 8-Electrolyte leakage
_ _ . . " qu).SH A
016 o009 07 079 082 ! 9-Capitulum diameter
p - b ki
03 007 06 08 ! 10-Capitulum remobilization
- Gk ) saome Jlasky -
005 004 059 ! 11-Stem remobilization
a8l 3l daze sV
04 064 1 12-Stem diameter near the
capitulum
X b S ailo i1y
0.75 1 13-Stem diameter at the
middle
Ggy Lausg > bl i VY
14-Stem diameter near the
1 ground level

o) o o5 Bl b —VF

*and ** are significant at the 0.05 and 0.01 levels, respectively
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Table 5. Correlation coefficient of the measured traits in the second planting dates over various sunflower genotypes
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14 13 12 11 10 9 8 7 6 5 4 3 2 Traits

2 G S 590
0 71 -0.84™ -0.1 0.8 0.71* 0.8 -0.82° 092" 093" 034 036 059 0917 Sudless
' 1-Capiul dry weight
at anthesis
2 Bl Sid 59 Y
046 082" 001 057 0.41 049 074" 074" 076" 001 022 04 1 Sudlos s
2-Stem dry weight at
anthesis
2 G S 55
-0.21 -0.27 0 E)S 0.81" 0.67 0.7 -0.43 0.51 0.51 0.63 09" 1 ey oloj
: 3-Capitulum dry
weight at maturity
2 Bl Sid 59 -F
-0.26 0 0.24 0.6 0.42 0.5 -0.14 0.32 0.3 0.64 1 Oy oloj
4-Stem dr weight at
maturity
P S p S jg 0
-0.29 -0.16 0.-18 0.65 0.73" 0.73" -0.34 0.54 0.47 1 Slasloss

5-Leaf dry weight at
anthesis

] ] - - ox * x . « . &l 3 Slas -5
0.71 0.75 0.19 0.85 0.83 0.91 0.76 0.94 1 6-Grain yield
) 70* - N . o 07 &l )l 55V
0.65 0.79 0.13 0.81 0.84 0.9 0.74 1 7-1000 seeds weight

> - | | ij-‘ i
0.57 0.88 0.32 0.58 0.63 0.6 1 8-Electrolyte leakage

) ) " ” b jlas-d
0.78" -0.56 027 098 0.97 1 9-Capitulum
diameter
; ) - B i i
082r 08 o3 086 1 10-Capitulum
remobilization
) ) 8Ll daoee JUishVY
o7ex 06 g3z 1 11-Stem
remobilization
Gib S5 Bl i\
0.38 0.28 1 12-Stem diameter
near the capitulum
gy oy 4Bl sV
0.52 1 13-Stem diameter at
the middle

05 Bl jlad-\¥

ord
14-Stem diameter
near the ground level

LN gl ke 5 5 e gy i g %
*and ** are significant at the 0.05 and 0.01 levels, respectively
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Table 6. Correlation coefficient of the measured traits in the first and second planting dates over various sunflower
genotypes

Jol cuis wlas ped CulS Olaw

Traits in second planting date Traits in first planting
date

14 13 12 11 10 9 8 7 6 5 4 3 2 1
2 G SiS (55 )

023 078" 076" 048 047 005 (7o 075 045 03 -028 02 044  0.44 Sidlex)s
’ 1- Capiul dry weight at

anthesis
5 Bl Sis 59—V

016 045 0777 054 051 005 -032 042 066 066 021 022 079" 041 bl o35
' 2- Stem dry weight at

anthesis
2 Gk Sds Y

032 04 039 016 0.1 006 -066 046 001 -024 -061 082" -013 054 Oy oo
3- Capitulum dry weight

at maturity
55 a8lo S g =¥

04 g 014 001 031 008 057 -005 046 055 021 071" 05 031 ) Olej
) 4- Stem dr weight at

maturity
» fﬁ&f&o)’s—b

008 039 047 037 049 -039 042 054 077" 067 014 0.7 0.7 0.4 Sl 0,5

5-Leaf dry weight at
anthesis

OE)Z 035 078" 075 091" 073" 09'3** 071"  0.97" 059 0.48 0.58 049 078" “"‘“)5_““"__;
: . 6- Grain yield

0.1 0.5 0.83™ 0.69 0.83" 0.69 0.14 0.77 0.96™ 0.6 0.44 0.53 0.39 0.68 b )‘}2’ 059 _.V
7-1000 seed weight

- 67 e =061 -051 044 -0, 04 -0 032 -018 -03 -0 : i i —A
0do 067  ggg 061 051 O 035 -0 068 032 018 03 005 o3 o el

OE)l 0.11 0.7 0.83" 0.84™ 079 0;4* 0.84™ 091" 081" 072" 079" 0.66  0.83" d_'?bf‘“é__n‘
. : 9- Capitulum diameter

. . . . . - . . L bl sl
0.02 0.07 0.75 0.76 0.77 0.76 -0.62 0.8 0.87 0.78 0.67 0.75 0.64 0.77 10-Capitulum
remobilization
0.78" aBlojl saome Jlis VY
11- Stem remobilization
R R ~ Geb So05 dBlo ylad —\Y
029 031 -0.29 -0.48 -0.26  0.002 -0.43 0.13 -0.19 -0.03 -0.26 -0.27 -0.39 0.34 12- Stem diameter near
the capitulum
i i ) R Woy bawg a8l Jad —\Y
031  4gs o0gs* 053 -056 026 035 032 7 -012 003 -008 -009 5  13-Stem d_igg;eter at the
middle

93y ddle Jlad —VY

0
14- Stem diameter near
the ground level

0.01  0.09 0.61 0.94” 0.88™ 046 0.36 0.75" 0.82™ 0.84™ 084" 098" 071

0.3 0.12 -0.61 0.8_3" 0.8_3" -0.67 -0.02 -0.39 O.él* -0.52 -0.52 -0.62 -0.66 -0.8

Slao (595 3 pod S 0 Sl slacuiss @l 3Slas p5 4 pB (1g0s)S) 005 kil g Jgame (igre ) calpd =V Jgie
Ja‘ .- :.S

Table 7. Ordinary and standardized coefficients for stepwise regression of grain yield in the second plan the
measured traits in sunflower in the first planting date

VIE L LI 04 3 l3buol w3y e o € o

: > o 0 Standardized regression -LAW e ’S 2 A st
Collinearity statistics coefficient Ordinary regression coefficient Variable
- - 1445 Jo b

Model constant
Jgl €S > (S loj 5 b S (5
2.56 0.35 0.8 Capitulum dry weight at maturity in the fist
planting date
Jol ctS > il eVl ab
2.56 0.44 1.63 Stem diameter near the capitulum in the first
planting date
Jgl cudS > (o el

331 -0.09 -0.08
Electrolyte leakage in the first planting date
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Table 8. Eigenvectors for various traits measured on eight sunflower genotypes

Fonnc A g Clio P Js) adlgo clio
econ irst ; econ : ;
component  component Traits component First component Traits
J9l - iS ).)&Jo)]aﬁ JB‘ DRSS @L..ﬁl 03,5 C)L")' )A&Jo Sas 039
-0.056 0319  capitulum diargeter-first planting 0.445 0.143 Capitulum dry Weightdat anthesis- first planting
ate ate
lcuss b 5l sae Jlasl s doedl ay @ o Ls Sl CSES -
-0.06 0.284 g;pitulum)re%fbi)lizat-ionk-inrst 0.249 0.272 Js d » gl bb); ‘J-L:)f-)J ‘Gllm ; d0)9
planting date Stem dry matter at anthesis-first planting date
Jol caiS s a5l same Uil Jol cudS 5> (S gloj 3 b Suid s
-0.026 0.288  stem remobilizgtionOfirst planting 0.455 0.35 Capitulum dry Weightdat maturity-first planting
ate ate
| cuisS ) sl o5 a8l lab o iS c s Sl KA
03 0.207 StL(Jefn diaméteﬁt&r tﬁefcapitul)L:ari— 0.325 0.211 Js 2 ) olaj 2 2Bl S g
first planting date Stem dry weight at maturity- first planting date
LJ?IMS)JA}yJamgAELu)]aé J‘ i< 5Las) $ lo: e s -
-0.404 0.05 i i _fi 0.072 0.317 9 » e 03,5 oy 0 Sy a9
Stem dlamsltgrr‘t?;éhgartrglddle first Leaf dry weight at anthesis-first planting date
Jﬂw)bwjéb}j)béb)ﬁ J\*‘*S > &l 3, Slos
-0.171 0.003 i h level- -0.213 0.275 o9 J R
Stem dlar?iertsetrpr}gggitn ge artoeund eve Grain yield -first planting date
-0.183 0.292 P92 CedS )3 &> 2,8has 0.103 0.285 Jsl et 53 b Jlim o5
Grain yield -second planting date 1000 seed weight -first planting date
ped S 50 3ub I daze L] | iS5 Se s
0.176 0.262  capitulum remobilization- second 0.099 -0.278 Js 2 %

planting date

Electrolyte leakage-first planting date
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Figure 3. Coordinates of the first and second principal components for eight sunflower genotypes under investigation
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Extended Abstract

Introduction and Obijective: Sunflower is a plant with high economic value and adapted to a
wide range of climatic conditions. Spring cultivation is one of the ways to enhance in Iran the
area under cultivation of this crop, which is usually accompanied by terminal low temperatures.
In this regard, there is a need to identify and introduce indices for selecting tolerance to low
temperatures in the reproductive stage.

Material and Methods: This research was conducted in 2014 and 2017 as a split plot in the
form of a randomized complete block design with three replications in Tarbiat Modarres
University and Seed and Plant Improvement Institute, respectively. The main plots included
planting dates in two levels and the subplots consisted of five inbred lines and three sunflower
hybrids. Planting dates were adjusted to allow temperatures of 25+ 2 °C and 15+ 3 °C during
and after anthesis. Single plant yield and physiological traits such as components related to
remobilization from stem and receptacle base to seeds, dry weight of leaves and electrolyte
leakage of receptacle tissue were evaluated on all treatments. Multivariate analyzes were
performed on the measured traits.

Results: The results of combined analysis of variance of the data showed that the interaction
effects of experiment-planting date-genotype of all traits were not significant. The second
planting date reduced grain yield in all genotypes. In both planting dates, the hybrids had the
highest grain yield and the lowest electrolyte leakage. Low temperatures differentiated the yield
behavior in the inbred lines. A significant negative correlation was observed between electrolyte
leakage in the first planting date and grain yield in the second planting date. Also, the
correlation between stem diameter in top of the stem in the first planting date was significant
and positive with dry weight of the head and stem at anthesis, grain yield, 1000-seed weight and
remobilization from receptacle base to the grain in second planting date. Stepwise regression
analysis of plant yield in the second planting date on the measured traits in the first planting date
showed a significant positive effect of head dry weight at maturity and stem diameter in top of
the stem and a negative effect of electrolyte leakage. The first and second principal components,
explaining 79% of the total data variance, were able to group genotypes based on differences in
grain yield and its components, electrolyte leakage, stem diameter in top of the stem and
resistance to assimilate transfer from storage to grain.

Conclusion: Increased cell membrane stability is an evolutionary mechanism by which some
genotypes maintain their yield and performance to some extent under cold stress conditions.
This trait along with the stem diameter in top of the stem can be used as indices for selecting
inbred lines in segregating generations to withstand low temperature conditions in the second
planting date.

Keywords: Electrolyte leakage, low temperature tolerance, Second planting date, Sunflower



