Uluslararasi Tarim Arastirmalarinda Yenilikgi Yaklasimlar Dergisi

International Journal of Innovative Approaches in Agricultural Research 2021, Vol. 5 (1), 111-123
https://doi.org/10.29329/ijiaar.2021.339.9

Copyright © 2021. This is an open access article under the CC BY-NC-ND

Original article

Differential Response of Sunflower Maintainer and Restorer Inbred
Lines to Salt Stress

Mehdi Ghaffari @&, Hamidreza Fanaei ©° , Gholamhossein Shiresmaeili ¢,
Farnaz Shariati ©©? , Nadia Safavi Fard ©©? & Bahram Majd Nasiri © ¢

2Seed and Plant Improvement Institute, Agricultural Research Education and Extension Organization (AREEO), Karaj, Iran

®Sistan Agriculture and Natural Resources Research and Education Center, Agricultural Research Education and Extension, Organization (AREEQ),
Zabol, Iran

¢Isfahan Agriculture and Natural Resources Research and Education Center, Agricultural Research Education and Extension, Organization (AREEO),
Isfahan, Iran

Abstract

In order to identify of salt tolerant sunflower inbred lines a set of 24 inbred lines were evaluated as a randomized block design
with three replications in Isfahan and Zabol in 2017. Salt stress was imposed following seedlings establishment 20 days after
planting as irrigation with two (fresh water) and 8 ds.m-2 electrical conductivity. According to the results, there were significant
differences among locations and also salt treatment for all measured traits except for flowering time and oil content. There were
also significant differences among inbred lines for all of the characteristics which could be used a source for improvement of salt
tolerance in sunflower. Salt stress had a negative impact on agronomic futures of the inbred lines. Achene and oil yield had suffered
more than other traits with 34 and 31% reduction respectively. Phenological traits were affected less than agronomic traits. The
inbred lines BGK259 and RGK38 had the highest and lowest achene and oil yield respectively. Three lines BGK259, BGK369 and
BGK375 with higher STI expressed as more salt tolerant lines. All 12 maintainer lines had a higher STI than all the 12 restorer
lines and were more tolerant. Among the restorers RGK22, RGK15 and RGK2 were more salt tolerant than others. In accordance
with STI, TOL and GM indices, principal component analysis differentiated BGK259, BGK369 and BGK375 as the most salt tolerant

inbred lines.
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INTRODUCTION

Following soybean and oilseed rape, sunflower with 26.6 M ha area of cultivation area is the
third oil crop of the world (FAO.2018). Cultivation of oil type sunflower is started since 1967 and
increased to 107,000 ha in 1993 however recently the area of cultivation is limited to about 15000 ha
(Anonymous, 2018). Both oil and confectionary types of sunflower are cultivated in Iran, however due
to the higher income, confectionary types are more interested. Cultivation of the oil types sunflower
began since 1965 with Russian and Romanian cultivars as Record and Vnimik 8931 (Ghaffari et al.,
2020). Salinity of irrigation water and soil is among the limiting factors for this crop in Iran. About 15%
of agricultural lands suffer from salinity in Iran (Khan and Gulzar, 2003). Estimated that there is total
of 27 M ha of saline and sodic soils in Iran (Kamkar et al. 2004). Salinity has a negative effect on crops
in several ways, including drought stress, toxicity, oxidative stress, nutritional and metabolic disorders,
reduced growth and cell division, and in general reduced growth, development and survival (Hasegawa
et al. 2000; Munns, 2002). Salinity affects seed germination and growth by reducing the water potential
and toxicity of certain ions such as sodium and chlorine, as well as the reduction of plant ions required
by plants such as calcium and potassium (Khan and Gulzar, 2003). The negative effects of salinity on
plants are manifested in the form of seedling and plant death or reduced growth and yield (Parida and
Das, 2005). Some species are more flexible to saline conditions however, the general response of the
plants depends on the intracellular response and the balance between salt uptake and division in plant
tissues (Volkmar and Steppuhn, 1998).

Plants are classified into two groups in terms of salinity response: halophytes (able to grow at
higher salt concentrations) and non-salinity tolerant and sensitive halophytes. Based on electrical
conductivity (Ec), soils are divided into four groups: non-saline (4-0), relatively saline (4-7), very saline
(7-15) and high salinity (more than 15) and crops based on yield curves in different salinity conditions
are classified into four groups: sensitive, relatively sensitive, relatively tolerant and tolerant (Mass and
Hoffman, 1977).

Sunflower is semi sensitive to salt stress however there is variability in response of cultivars to
this stress (Levit, 1980; Katerji et al. 2000). The threshold for sunflower tolerance to salinity is 2.3 dS
/ m. Sunflower yield has decreased by 10, 25 and 50%, in electrical conductivity by 3.2, 4.7 and 6.3 dS
/ m respectively. But thresholds for irrigation water salinity for sunflower in sandy, loamy and clay soils
have been reported to be 7.5, 3.4, and 2.5 dS / m, respectively (Mass and Hoffman, 1977). It is reported
that sunflower achene yield is not reduced with salinity of 5 ds/m but 50% of yield is lost with salinity
of 12ds/m (Khajepour, 2007). Flagella et al. (2004) indicated that for each unit of increase in salinity,
sunflower yield is reduced about seven percent. Pirzad et al. (2013) and Dehghani et al. (2014) reported
that sunflower yield is reduces with increase of salinity. The results of Francois (1996) indicate that
sunflower is appropriately classified as moderately tolerant to salinity however Each unit increase in

salinity above 48 dS/ m reduced yield by 5.0%. Kaya et al. (2019) reported that under saline condition
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sunflower genotypes exhibited varying responses to salinity, mean germination time significantly
prolonged and a dramatic reduction in seedling growth was observed. The aim of this study was to
investigate the effects of irrigation water salinity on agronomic characteristics of sunflower inbred lines

and to identify tolerant lines in Isfahan and Zabol conditions regions in Iran.
MATERIALS and METHODS

In order to identify of salt tolerance inbred lines 24 sunflower inbred lines were evaluated for salt
tolerance as a randomized block design with three replications in Isfahan and Zabol in 2017. Each
experimental plot consisted of four rows each three meter long with row spacing of 60 cm and plant
spacing of 25 cm. Before planting, Triflouralin herbicide was used at the rate of two liters per hectare
to control weeds. Super Galant herbicide at the rate of 2.5 liters per hectare was used to control of
narrow-leaved weeds. Salt stress was imposed following seedlings establishment 20 days after planting
as irrigation with 2 (fresh water) and 8 ds.m electrical conductivity. Salt stress was imposed following
seedlings establishment 20 days after planting as irrigation with 2 (fresh water) and 8 ds.m electrical
conductivity. Irrigation was performed after 60 mm evaporation from the pan and a total of 6 irrigations
were performed in Zabol and 8 in Isfahan. About 800 cubic meters per hectare was irrigated each time.
The results of soil test analysis at the two test sites at the end of the season for normal irrigation and
salinity stress conditions are shown in Table 1. During the growing stages, phenological and agricultural
characteristics were recorded. Following combined analysis of variance mean of inbred lines for
evaluated traits were compared using least significant differences (LSD) test. Stress tolerance indices
(Fernandez, 1992) and principal component analysis was used to identify of tolerant lines. Statistical
analysis performed by SPSS (Ver.24).

Table 1. Soil test results for experimental field

Isfahan
. EC 0 P(AV) K(Av) Sand Silt Clay
Condition (dS/m) pH % O.C. opm opm % % %
Normal 34 7.2 0.85 235 280 15 46 39
Salt stress 8.2 7.3 0.78 41 260 13 46 41
Zabol
Normal 2.4 7.9 0.37 18.6 131 18 48 34
Salt stress 8.5 8.2 0.34 2.4 105 19 50 31

Results and Discussion

There were significant differences between locations and salt treatments for all agronomic traits
except days to flowering and oil content (Table 2). There was also considerable variability among inbred
lines for agronomic characteristics that could be used as a genetic source for improvement of salt

tolerance in sunflower. The three-way interaction effect of line X location X irrigation was significant
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for days to the end of flowering, flowering duration, plant height, head and stem diameter, number of
seeds per head, 1000-seeds weight and grain and oil yield which shows that the response of lines to

salinity stress conditions were different in the two locations.

Salt stress had a negative impact on agronomic futures of the inbred lines. Achene and oil yield
had suffered more than other traits with 30.7 and 34.5% reduction respectively. Phenological traits were
affected less than agronomic traits, however days to maturity affected more than flowering time (0.2%)
and reduced 3.3 %. Plant height, head diameter, stem girth reduced 15.4, 19.8 and 25.2 percent
respectively. Among the yield components, seed number per head was significantly impaired (27.2 %)
more than 1000-seeds weight (6.5 %) and oil percentage (5.2 %) due to salinity stress (Table 3).
Francoise (1996) reported that oil concentration of sunflower was relatively unaffected by increased
soil salinity up to 10.2 ds.m™. It seems that salinity stress cause to reduce the number of seeds per head
by affecting seed setting. Ghaffari et al. (2019) reported seed number per head as the main determinant
of seed and oil yield in sunflower. The results of this study are in accordance with who reported that
yield reduction of sunflower under salinity was attributed primarily to a reduction in seeds per head
(Francois, 1996).

The maintainer line BGK329 had the highest seed yield under normal irrigation (2412 and 973
kg ha! respectively). The line BGK329 was characterized by late flowering (66 days), late maturing
(108 days), higher plant height (122 cm) than other lines. The highest head diameter (19.1 cm) and stem
girth (20.9 mm) were observed in BGK259. BGK 345 had the highest 1000-seed weight (58.7 g), while
BGK375 had the highest seed number per head (1004 seeds) (Table 4). Under salt stress the inbred line
BGK259 had the highest achene and oil yield (1865 and 756 kg ha* respectively). Phenological stages
was affected by salt stress in terms of reduction in days to flowering and physiological maturity. The
line BGK329 was the latest flower (63 days) while RGK25 was the most late mature line in compared
to the others. The highest plant height was observed in BGK329 (105 cm) while BGK369 had the
highest head diameter (11 cm). RGK 22 had the highest stem diameter (15.7 mm). The highest 1000
seed weight was observed in BGK259 (55.7 g) and BGK369 had the highest number of seeds per head
(648 seeds). The highest oil content was observed in R14 (42.2 %) however BGK343 had the lowest
oil content (33.4%).

Drought sensitivity and tolerance indices of STI, MP and GM were calculated using the
performance of lines in both optimal irrigation and stress conditions (Table 5). High values of these
indices indicate more drought tolerance and can differentiate group A genotypes (with higher yield in
both stress and non-stress environments) from sensitive genotypes (Fernandez, 1992). The tree lines
BGK259, BGK369 and BGK375 had higher STI than the others and expressed as salt tolerant inbred
lines. The two MP and GMP indices also differentiated tolerant lines similarly to the STI index. A
noteworthy point in this study was that each of the 12 maintainer lines had higher ST1 compared to the

12 restorer lines and appeared more tolerant. This result shows the effect of grain yield on tolerance
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indices. Single-branch maintainer lines generally have a higher yield compared to multi-branch restorer
lines, and this can be skewed in calculating the indices because the performance of sub-branches in
restorer lines does not interfere with yield calculation. However, the results of previous studies have
shown that these indices can differentiate tolerant and susceptible lines when single-genotype genotypes
are evaluated (Darvishzadeh et al., 2010; Ghaffari et al. 2012). Some reports also suggest that the SSI
index cannot be used to identify drought tolerant lines (Clarke et al., 1993). Among the restorers
RGK22, RGK15 and RGK2 were more salt tolerant than the others, however, they were more sensitive

than all maintainer lines.

Considering the one-dimensional role of grain yield in differentiating lines in terms of stress
tolerance indices, in order to determine a comprehensive criterion that includes all the measured traits
and also show the relationship between variables, principal components analysis which could cover all
measured properties was used to identify the stress-tolerant lines. The results of this analysis in
accordance with STI, TOL and GM indices, differentiated BGK259, BGK369 and BGK375 as the most
salt tolerant inbred lines (Fig.1). This shows that these indicators have a high ability to identify salt-
tolerant lines and by measuring grain yield under optimal and stressed conditions alone, the salt tolerant
lines can be identified. As it shown in PCA biplot these lines were characterized by showing higher
achene and oil yield, head diameter and seed weight under salt stressed condition. Considering the
vectors there were high correlation between achene and oil yield with 1000 seed weight and head
diameter, so these two traits which had higher weight in two first PCA components could be used as a
simple indicator of salt tolerance of sunflower genotypes. Multivariate methods as cluster analysis were
used by Kaya et al. (2019) for classification of sunflower genotypes for salinity tolerance. Principle
component analysis have been used for determination relationships between parent inbred lines and
related crosses (Haddadan et al. 2020) and also as a reflector of combining the abilities (Ghaffari et al.,

2011) in sunflower.

According to this analysis, the line RGK38 had the highest sensitivity to salinity stress at the
farthest opposite point of the grain and oil yield vectors. This line had the lowest STI index (0.22) and
these results show the correspondence of specific results of principal component analysis and STI index
in the identification of tolerant and sensitive lines. Figure 1 shows that the first component is able to
discriminate almost all maintainer lines (except RGK22) from the restorer lines. The results suggests
that theses indices had a higher potential for identify of salt tolerant genotypes and it is possible to

identify salt tolerant genotypes by estimation of achene yield straightly.
Conclusions

Significant differences among sunflower inbred lines for agronomic characteristics indicated that
this variability could be used for improvement of salt tolerance in sunflower. Salt stress had a negative

impact on agronomic futures of the inbred lines. Achene and oil yield had suffered more than other
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traits with 34 and 31% reduction respectively. Phenological traits were affected less than agronomic
traits. All maintainer lines in comparison with restorer lines expressed as more tolerant lines. Among
the restorers RGK22, RGK15 and RGK2 were more salt tolerant than others. In accordance with STI,
TOL and GM indices, principal component analysis differentiated BGK259, BGK369 and BGK375 as
the most salt tolerant inbred lines. More tolerant inbred lines in this study can be used as parental inbred

lines for development of salt tolerant sunflower hybrids.
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Table 2. Combined analysis of variance for agronomic traits in Isfahan and Zabol conditions

Days to Days to Head 1000 seeds

Oil

Sources of variation DF flowering maturity Plant height diameter weight Seed No. head 1 content Achene yield Oil yield
Location 1 120.12 6912.92**  12983.32** 413.62** 15569.95**  5687861.81** 31.48 5799643.16**  952607.14**
Irrigation 1 0.89 986.42**  16569.58** 366.89**  507.16** 2747031.27**  312.31* 19006895.50** 3834982.04**
Location x Irrigation 1 138.89 477.92** 23.06 2.52 73.99 105367.28 11.21 485408.87 76451.58
Rep/Environ. 8 26.48 41.14 150.36 5.36 17.44 49255.70 7.10 161962.97 30450.91
Line 23 62.92** 98.96** 2086.80**  64.79**  1213.80** 129029.17** 97.99*  2185744.11**  300057.48**
Line x Location 23 39.99** 60.45** 896.03** 17.22** 210.19** 93155.86** 4.25 559510.43** 78601.29**
Line x Irrigation 23 8.66* 9.04 108.20* 8.45% 47.70%* 65659.08** 3.14 158944.42** 23883.15**
Line x Location x Irrigation 23 5.06 7.32 105.18* 9.73** 54.54%** 63358.59** 2.60 183043.59** 30078.47**
Error 184 491 7.25 57.19 4,53 24.38 27214.62 6.40 72380.08 11913.37
Coefficient of variation 3.76 2.68 8.29 22.55 12.55 27.20 6.43 18.99 19.70

*and ** denote to the significant at 5 and 1% probability
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Table 3. Effect of salt stress on agronomic traits of sunflower in Isfahan and Zabol

Days to Days to Plant height Head diameter Stem girth
Treatment . .
flowering maturity (cm) (cm) (mm)
Normal Irrigation 58.92 102.26 98.75 10.36 18.67
Salt stress 58.81 98.89 83.58 8.31 13.97
Changes (%) 0.2 3.3 15.4 19.8 25.2
Treatment 1000 achene  Achene No.  Qil content Achene yield Oil yield
weight (g) head * (%) (kg.hat) (kg.ha?)
Normal Irrigation 40.66 704.06 40.32 1673.47 669.37
Salt stress 38.00 508.73 38.24 1159.67 438.59
Changes (%) 6.5 21.7 5.2 30.7 34.5
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Table 4. Mean of agronomic traits in sunflower inbred lines in normal and salt stressed condition
(Isfahan and Zabol)

1000
Days to PIapt Head Stem achen  Achen Oil ) kg.har ) "9'“
Treatme . - Days to heig . girth a

Line flowerin . diamet e eNo. conten 1(Achen .

nt g maturity ht er (cm) (mm weigh head ! t (%) e yield (il

(cm) ) t(q) yield

BGE';SE’ 577 987 904 141 176 482 5934 365 18149 6614

BG§37 545 100.8 1%4' 141 216 453 10039 400 23903 9556

BGE’;% 56.0 1000 886 137 195 496 7618 376 22582 8419

BG;Q’“ 56.2 101.8 1123' 101 170 517 5096 338 16610 5519

BGKA5 5638 967 881 110 169 381 9977 346 23888 8288

BG§25 58.7 104.7 1%5' 191 200 586 6518 428 23155  990.6

BG;“O 56.3 985 786 119 186 507 6188 440 19409 8611

BG;GZ 65.7 108.2 1';1' 129 197 462 8947 403 24118 9734

BG;QZ 60.7 103.5 1174' 124 178 410 8070 381 20730 787.0

_ BGK77 607 1030 919 116 182 566 5114 399 17445 6963
o

g BG;““ 56.2 98.7 1%1' 112 183 587 5209 404 18538 7475

= BGK35 560 1005 848 124 189 455 6935 366 18612 6829
©

E  Rok22 610 104.2 1%)5' 115 189 370 7840 414 18295 7579
Z

RGK33 597 997 917 75 178 400 6677 408 15248 6321

RGKI5 598 1037 987 74 191 345 7494 397 15245 6051

RGK21 588 998 955 85 188 347 5878 442 11797 5240

R14 56.8 1005 958 7.9 177 389 4319 430 9230 3962

RGK38  61.0 1057 917 74 186 226 879.9 379 10493 4010

RGK2 597 1033 997 92 182 280 8180 445 14302 6389

RG’1<29/ 55.3 1017 654 100 169 322 4667 443 8896 3940

RGKA7 605 105.5 1}36' 82 195 208 8246 434 14146 6145

RG’§25’ 61.0 104.2 1118' 72 209 329 6546 436 13343 5814

RGK24  65.0 1072 907 72 184 256 7335 412 11714 4821

RGK46 602 104.0 1%7' 72 191 291 7348 388 11787 4594

LSD 5% 1.53 187 524 148 119 342 11432 175 18643 7564
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Table 4. Continue

S o
o - T -2 < = o
- $ £ 8 ¢ E 5 3 8 @ &g
S = % = E ~ q;’ <= = S =
S g g & ®» & & 2 S g & S
g 3 S e 2 3 S S < S < -
g e ¢ £ £ 2 & & 5 I
= § & 3 & § £ B £ 2
S <
BG;GS 59.2 9;‘ 725 89 141 360 5843 339 1321' 458.0
BG;<37 50.3 9?' 862 104 140 483 5641 382 17??4' 656.7
BGS',(SG 57.8 9?' 646 109 153 482 6482 352 18g8' 647.2
BG§34 58.0 9;‘ : 1032' 89 125 448 4624 334 13017' 4438
BGK45  57.8 9;" 688 82 121 338 6180 344 12532' 440.7
BG;(ZS 59.0 112 924 115 148 557 5663 405 1854' 755.7
BG;“O 56.0 95' 745 87 156 538 5200 401 16635' 661.5
BGS';SZ 62.7 2103 1035' 104 143 492 4648 377 13,?7' 518.0
BGTZZ 59.0 93' 985 104 144 416 5942 345 1551' 5235
BGK77  59.8 1103 759 98 141 505 5481 372 15g 4 5837
BG;G"' 56.2 9g 732 88 137 499 4385 389 13g7' 5227
2 o Bokss 573 O 728 98 135 428 5014 353 o0 4368
[7p]
= pRek22 590 0 1020 4657 457 355 5311 400 L% 4685
3 02 9 6
RGK33 575 9?‘}' 752 64 133 359 3407 390 7416 2859
RGKI5 595 g% 871 70 145 329 5913 374 10765' 3985
RGK21  59.0 9,3 731 73 130 323 3927 406 7256 2913
R14 582 93' 802 56 134 296 4004 422 6752 2861
RGK38 598 11?2 834 68 135 254 3869 366 5715 2091
RGK2 580 11% 789 74 137 273 5082 412 8617 3565
RGTZQ’ 54.5 9;3' 505 66 131 283 4397 414 7482 3102
RGKA7T 598 21?2 951 57 145 272 5234 408 8439 3437
RG*ZQE” 605 21% 1%0' 78 149 331 3936 414 7708 3197
RGK24 633 11% 763 56 128 223 5635 398 7291  290.0
RGK46  60.2 21% 980 67 146 278 6282 381 8399 3184
LSD 5% 1.53 1%8 524 148 119 342 11;"'3 175 183?'4 7564
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Table 5. Tolerance and susceptibility indexes of salt stress for sunflower inbred lines

Achene yield (kg.ha-1)

No. Line Normal Stressed STI SSI TOL MP GM
1 BGK355 1814.86 1361.63 0.88 0.81 453.23 1588.25 1572
2 BGK375 2390.33 1704.27 145 093 686.06 2047.3 2018.36
3 BGK369 2258.17 1848.62 149  0.59 409.55 2053.39  2043.15
4 BGK343 1661.00 1317.00 0.78  0.67 344.00 1489 1479.03
5 BGK45 2388.80 1281.97 1.09 151 1106.83  1835.39 1749.96
6 BGK259 2315.54 1864.54 154  0.63 451.00 2090.04  2077.84
7 BGK109 1940.90 1635.56 113 051 305.35 1788.23 1781.7
8 BGK329 2411.75 1387.25 119 138 1024.50 1899.5 1829.13
9 BGK221 2072.96 1521.31 113 087 551.65 1797.13 1775.84
10 BGK77 1744.46 1574.58 098 0.32 169.87 1659.52 1657.34
11 BGK345 1853.75 1347.56 0.89 0.89 506.20 1600.65 1580.52
12 BGK35 1861.22 1242.00 0.83 1.08 619.22 1551.61 1520.41
13 RGK 22 1829.53 1172.60 077 117 656.93 1501.07 1464.69
14 RGK33 1524.75 741.64 040  1.67 783.11 1133.19 1063.4
15 RGK15 1524.50 1065.70 0.58 0.98 458.80 1295.1 1274.62
16 RGK21 1179.72 725.63 031 1.25 454.10 952.673  925.222
17 R14 922.96 675.20 022 0.87 247.76 799.078  789.416
18 RGK38 1049.33 571.50 021 1.48 477.83 810.417  774.399
19 RGK2 1430.17 861.73 044 129 568.43 1145.95 1110.15
20 RGK?29/1 889.61 748.15 024 052 141.46 818.878  815.817
21 RGK47 1414.58 843.92 043 131 570.67 1129.25 1092.61
22 RGK25/2 1334.30 770.83 037 138 563.46 1052.57 1014.16
23 RGK24 1171.35 729.08 030 1.23 442.27 950.217  924.128
24 RGK46 1178.71 839.95 035 094 338.77 1009.33  995.016

34

24 ek ABGK329

i
ARGK4T ~ RGK46
14 ARGK24
ABGK259
SN .pcKaat

ARGK3Z 1B6KT7 HD

0.4
AY

Component 2

0.6 W
BGK343 BGK355

ARGK21 apA 4BGK109 1BGK369

5

4BGK345

ARGK33 ABGK45

B I R O R L N
Q
0

ARGK29/1

L L L L
0.9 1.1 341
Component 1

¥
N
=]
[3,]
-

Figure 1. Principal component analysis using agronomic traits for classification of sunflower inbred
lines. The vectors and rectangular represent traits and inbred lines respectively. The abbreviations areas:
FI; Flower initiation, PM; Physiological maturity, PH; Plant height, SD; Stem diameter, HD; Head
diameter, OC; Oil content, AY; Achene yield and OY; Qil yield.
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