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Table 1. Investigated Oilseed sunflower lines and their origin

Sl 35 o pl 2948 6l oY el s Sl 50 ol 2948 6l oY el s
USDA S5 el HA337B 39 ASGROW Al H209A/LC1064 1
ASGROW sl H100B 40 ENSAT sl AS5306 2
- e B454/03 41 USDA S5 5l RHA858 3
USDA S5 5l HA304 42 ASGROW sl H209A/83HR4 4
RUSTICA il RT931 43 ENSAT sl AS3211 5
USDA S5 5l HA335B 44 ENSAT auslyp ENSAT-254 6
NOVARTIS auslyp NS_BS 45 ASGROW sl AS5304 7
NOVARTIS Al NS-R5 46 ENSAT Al (K100)1009329.2 8
USDA S5 5l DM-2 47 ENSAT auslyp ENSAT-270 9
ASGROW il H156 A/RHA274 48 ASGROW Al AS613 10
USDA S5 5l SDB1 49 ASGROW sl H100A/LC1064 1
USDA S5 ol HAR-4 50 USDA S5 yol RHA266 12
ASGROW auslyp AS5305 51 ENSAT auslyp PAC2 13
USDA S5 5l RHA274 52 ASGROW auil ) H157A/LC1064 14
ASGROW sl H158A/H543R-B 53 BRN sl DES20QR5 15
ASGROW auslyp H100A/RHA274 54 ENSAT auslp (K100)1009337 16
ASGROW Al H209A/H566R 55 ENSAT Al AS3232 17
ENSAT auil ASO-1-POP-A 56 ASGROW auil ASB28 18
NOVARTIS auslyp B-F1POPB 57 ASGROW auslyp SSD-580 19
USDA S5 yol D34 58 ENSAT sl ENSAT699 20
ENSAT auslyp CAY 59 ASGROW sl SSD-581 21
NOVARTIS auil R5*A5-NS-F1 60 SPII ol Oct-59 22
SPII ol 36 61 INRAMONT sl H603R 23
SPII ol 38 62 SPII ol 4 24
INRAMONT Al SDB2 63 ENSAT Al CHLORINA-703 25
- - H158A/LC1064 64 NOVARTIS sl R5*A4-NSF1 26
ASGROW ausl ) H543R/H543R 65 SPII ol 28 27
- aul H543R 66 SPII oyl 30 28
ASGROW auil 15038 67 IFVC L 1-803 29
ENSAT il SFO76 68 ENSAT Al (K100)1-1009370 30

- - A*LC1064C8 69  Caussade semences sl CSWW2X 31
ENSAT sl SF085 70 ASGROW sl H158A/H543R-A 32

- - SF092 ! ASGROW sl H100A 33

SPII ol HCo1 72 ASGROW sl H205A/83HR4 34
SPII ol Oct-59 73 USDA S5 yol PM1-3 35
SPII oyl H-100A-90RLS 74 RUSTICA Al RT948 36
ENSAT duslyp SF105 75 INRAMONT auslyp QHP-1 37

- - SF-023 76 USDA S5 ol SDR19 38
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Table 2. Results of soil analysis in evaluation of oilseed sunflower lines under optimal and phosphorus deficiency
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Table 3. Results of analysis of variance of traits studied in oilseed sunflower lines under optimal and phosphorus deficiency conditions
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0/0010™  0/0029™ 517/297  381/63" 855/61"  1090/04™ 20032 16/38” 70/28” 6166 1560/75"  1977/21" 75 oY
0/0005  0/0011 167/28  265/36 286061 247/35 747 715 2306 21/26 369/54 326/91 152 s
4772 3900 701 67/85 32/86 28/63 26062 22015 3067 2710 18/28 15/29 - ) @l yss gy
38/67 3572 72009 46/98 32/78 34/69 25/35 1935 392 26/65 21/69 um - () orisid e
2113 2173 50030  25/93 26/73 30/51 20016 14/52 26017 2157 18/95 19/84 - () S5 s
49022 60/26 67/66  30/47 66/50 77131 63/25  56/33 67/20  65/52 76/32 83/47 - () osas s pivesls

Ao lgaenb Jlasl pdaw 5 )b bxe g 45 dre g i 4

Kk )
. 9

ns

syhad 303 Y0P (592 2 p)5) il 3,Shas [GY £(p 5) &l l3m )59 TOW (20 (l) 3o b TD cablus Jad 'SD ¢(y0 5lu) 459y £lisyl PH

90¢

(A7 65 R0 g [eiste? o (7 snnuue snipueljaH)


http://dx.doi.org/10.29252/jcb.12.33.202
http://jcb.sanru.ac.ir/article-1-1096-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-07-06 ]

[ DOI: 10.29252/jch.12.33.202 ]

Snd 3910 5 Aot Laalyd Cod i, ) Sl slacyY 3 inog slao )Ll -4 Jgue

Table 4. Descriptive statistics in oilseed sunflower lines under optimal and phosphorus deficiency conditions

Reduction %P Reduction GY Reduction Tew Reduction ™ Reduction sb Reduction PH <
(%) Stress  Normal (%) Stress Normal (%) Stress Normal (%) Stress Normal (%) Stress Normal (%) Stress Normal
40/98 0/08 0/14 17/19 9/63 11/63 47/08 48 0 20/28 8/5 10/67 22121 8/86 11/41 -3/83 65/67 64 1
57/85 0/03 0/06 65/91 10/03 29/43 53/08 30 64 39/2 8/17 13/5 21/85 10/11 14/32 12/56 92 109 2
65/50 0/03 0/09 25/34 23/97 32/10 -8/20 80 75/33 311 10/33 14/67 63/72 6/37 18/25 12 92/67 107/7 3
39/55 0/04 0/07 57/19 8/23 19/23 40/58 34/67 66 18/16 715 12/33 48/4 5/97 12/03 -0/14 74/33 74/33 4
38/23 0/08 0/14 18/77 10/10 12/43 37179 43/33 70/67 17/95 6/67 8/58 47/09 8/02 15/24 -4/93 84 84/67 5
3/74 0/10 0/11 63/89 14/47 40/07 -8/25 94/67 90/67 15/32 14 16/67 -20/2 24/45 20/65 6/22 140 151/7 6
24/39 0/04 0/06 4/38 37/80 39/53 =219 61/33 52 14/47 11/92 14/58 12/6 18/3 21/72 -1/98 145 146/3 7
37/01 0/05 0/08 55/03 2123 4197 -46/00 39/33 26/67 22/86 5/67 7133 0/18 9/31 9/43 -6/14 88/67 83/67 8
80/15 0/02 0/10 47/58 24/17 46/10 14/42 70 84/67 4471 ni 12/83 31/01 16/45 23/32 16/58 131/7 158/7 9
21163 0/04 0/05 42/67 10/17 17/73 29/11 37/33 52/67 28/65 9/67 13/5 41/86 10/22 17/64 2/36 126 13177 10
57/29 0/07 0/16 13/03 21/37 24/57 -29/7 45/33 33/33 9/01 11/75 12/92 2/07 21/04 22/01 -20/9 118/3 97/67 1
67/16 0/02 0/07 67/91 4/60 14/33 -257 38/67 31/33 34/47 7133 11/33 36/66 9/91 16/45 21/29 % 12117 12
45/85 0/05 0/09 31/31 15/87 23/10 11/43 45/33 58/67 24/07 9/08 12/17 -18/6 13/52 12/26 -25/7 118/7 103 13
24/44 0/03 0/04 39/79 13/57 22/53 18/01 60 69/33 18/83 9/67 12/08 -4/47 17 16/85 13/25 101/7 119/7 14
22/36 0/04 0/06 3/24 19/90 20/57 -9/93 45/33 4 -11/9 11/67 11/58 -5/44 18/21 17/06 14/47 109 14313 15
37/87 0/07 0/12 63/16 10/97 29/77 3111 36/67 52/67 29/25 9/42 13/33 28/11 15/49 21/13 28/52 11073 154/3 16
50/65 0/04 0/08 14/72 15/07 17/67 -62/4 40 26/67 20/59 8/5 1 4409 8/34 15/57 23/37 102/7 13417 17
61/48 0/05 0/14 8/82 22/07 24120 5/94 57/33 64/67 4/53 11/33 12 =211 20/29 17/09 0/95 118 12213 18
28/17 0/06 0/08 32/25 36/07 53/23 -4/24 51/33 49/33 1/13 13/92 14/08 -20 2713 22/99 -2/34 13173 128/7 19
46/26 0/05 0/09 43/79 9/80 17/43 42/05 47/33 82 16/79 11/33 13/75 16/26 12/39 14/88 719 88 9% 20
54/42 0/05 0/11 26/42 41 56/77 1/05 43/20 38/67 -14/7 14125 12/42 -42/6 16/88 16/7 13/27 81/67 102 21
43/09 0/07 0/15 13/66 14/53 16/83 0/03 54 56 3/01 9/5 9/83 24/26 12/39 16/86 -1911 83 70/33 22
68/14 0/04 0/14 80/16 5/03 25/37 39/25 30 50 48/99 6/08 12/25 58/81 7182 19/29 21/01 70 88 23
50/95 0/04 0/09 72/48 5/10 18/53 19/61 37/33 49/33 25/42 7125 10/17 39/72 9/99 16/8 18/61 78/67 9 24
21/86 0/06 0/08 49/91 9/35 18/67 36/14 26/67 42/67 40/49 6/58 1 15/41 14/26 17/52 -10/8 93 87/67 25
42/25 0/05 0/08 69/75 7153 24/90 56/45 20 4 8/18 9/08 11/33 20/61 12/24 17/32 6/95 99/67 108/7 26
55/98 0/04 0/10 65/95 24/37 71/57 25/63 80/67 108 31/82 14/17 2117 38/58 20/99 35/11 28/36 130 185 27
62/06 0/03 0/09 52/03 16/50 34/40 17/55 58/67 70/67 18/78 10/42 13/5 19/51 13/11 16/81 6/69 110/7 119/7 28
47/52 0/05 0/09 18/49 12/93 15/87 -25/2 48/67 41/33 402 10/42 10/83 =21 17/45 13/86 5/57 101/7 108/3 29
53/73 0/04 0/08 30/33 14/70 21/10 -22/6 36/67 30/67 =211 11/08 10/5 -30/6 15/5 13/33 3/19 12217 13073 30
52/55 0/03 0/06 36/82 13/90 22 2/60 46/67 49/33 12/43 9 11/17 30/31 12/04 17/53 29/54 9 141/7 31
40/78 0/07 0/12 31/88 13/31 19/53 0/40 48/40 49/33 20/73 8 10/17 19/46 14/83 19/21 18/14 88/67 109 32
33/21 0/04 0/06 9/14 20/53 22/60 -1119 43/33 45/33 -11/3 12/42 11/5 -13/8 18/71 16/63 419 104/3 109/7 3
63/30 0/04 0/10 64/49 13/77 38/77 10/1 61/33 72 28/47 10/5 15/08 =29 15/86 16/26 -8/66 125/7 115/3 34
9/59 0/05 0/05 46/39 9/17 17/10 2/02 55/33 55/33 25/19 8/92 11/92 -141 19/2 16/91 19/13 101 13073 35
44/08 0/03 0/06 20/93 30/60 38/70 -49/8 46 48/80 -11/8 16 14/83 -15/3 20/91 18/59 13/09 121 14213 36
49/35 0/06 0/12 22/44 12/10 15/60 -118 68/67 32 -64 15 9/33 -43/1 20/19 15/16 2121 11 11413 37
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Figure 1. Cluster analysis of oilseed sunflower lines based on studied traits under optimum phosphorus condition
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Figure 2. Cluster analysis of oilseed sunflower lines based on studied traits under phosphorus deficiency condition
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Table 5. Calculated distances between groups from cluster analysis under optimal (upper diagonal) and phosphorus

deficiency (below diagonal) conditions
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Table 6. Analysis of variance of groups based on studied traits under optimal phosphorus condition
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Table 7. Analysis of variance of groups based on studied traits under phosphorus deficiency condition
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Table 8. Results of means compression of cluster analysis groups in 76 oilseed sunflower lines under optimum
phosphorus condition (means+SE)
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Table 9. Results of means compression of cluster analysis groups in 76 oilseed sunflower lines under phosphorus
deficiency condition (means+SE)
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Figure 3. Grouping of 76 oilseed sunflower lines into 4 groups based on MFDV multivariate tolerance index which
uses all potentials of studied traits along with ¥|eld under optimum (Yp) and phosphorus deficiency (Y's) conditions
or grouping Individuals

MY VY E oY MFVD oo Ay Joos a5 ls
39S & Jezio g ollae slapY lie 4 VA 5 YO

s9eaS 88 el ] 5 S Linlaj] ol ) ol gl

3Sles JialS o yd oy yider 45 13,5 odalie uicren
19,08 9SS Lol dSlee g jud dop Slio 4 by iy @

pald bl & diogyl oSSl (65,0liS sasisly

3 onizman 5 gl cul plsl sl o3 SUGL (3905
sl o bl a wl)g 399 (093931 uwu gl
9 S5 Gy )RSl (alls lanY ed ol )8

Slee alS Moyd S 5 YA/AD 4 FY/OF e
Ol bcwis 4 aibd)lia (59 9 Bl jlad Clio & by je
dldw? 4})}!3 CJLJ u»l.w‘ 2 ) 0dg /Ay 9 ¥/¥Y
2 eollas g alie slaaigds 2 FY o5 YV DY slappY

[ Downloaded from jcb.sanru.ac.ir on 2026-07-06 ]

[ DOI: 10.29252/jch.12.33.202 |

e 2y90 Olio Jla3 1 jhud 39:e g g balypd 93 o
Jols 3l EMgl bl p K05 (Byb 60l (gaieg)S

Do oo (S48

&be

1. Afzal, A, M. Ashraf, S.A. Asad and M. Faroog. 2005. Effect of phosphate solubilizing
microorganisms on phosphorus uptake, yield and yield traits of wheat (Triticum aestivum L.) in
rainfed area. International Journal of Agriculture and Biology, 7(2): 207-209.

2. Akbari, P., A. Ghalavand, A.M. Modarres Sanavay and M. Agha Alikhani. 2011. The effect of
biofertilizers, nitrogen fertilizer and farmyard manure on grain yield and seed quality of sunflower
(Helianthus annus L.). Journal of Aaricultural Technoloay, 7(1): 173-184.

3. Alam, S.M., S.A. Shah and M. Akhter. 2003. Varietal differences in wheat vield and phosphorus use
efficiency as influenced by method of phosphorus application. Songklanakarin
Journal of Science and Technoloayv, 25(2): 175-181.

4. Chen, X., D. Min, T.A. Yasir and Y.G. Hu. 2012. Evaluation of 14 morpholoaical, vield-related and
physioloaical traits as indicators of drouaht tolerance in Chinese winter bread wheat revealed by
analysis of the membership function value of drought tolerance (MFVD). Field Crops
Research, 137: 195-201.

5. Fernandez, G.C. 1992. Effective selection criteria for assessing plant stress tolerance. Proceedings of
the International Symposium on Adaptation of Vegetables and Other Food Crops in Temperature
and Water Stress (Ed., CG Kuo), pp: 257-270.

6. Hawkesford, M., W. Horst, T. Kichey, H. Lambers, J. Schjoerring, I. Skrumsager and P. White.
2012. Function of Macronutrients. In: Marschner P (eds.), Marschner's Mineral Nutrition. Oxford,
UK, Elsevier Ltd.


http://dx.doi.org/10.29252/jcb.12.33.202
http://jcb.sanru.ac.ir/article-1-1096-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-06 ]

[ DOI: 10.29252/jch.12.33.202 |

213

10.

11.

12.
13.

14.

15.

16.

17.
18.

""""""""""""""""""""""""""" 1399 oo /33 o)l [ omdjlgs Jlus [ el; o)lalS oMol anliiinghs

Hu, J., G. Seiler and C. Kole. 2010. Genetics, Genomics and Breeding of Sunflower. CRC Press,
Clemson, USA.

Iranshahr, E. and E. Sepehr. 2012. Evaluation of Phosphorus Acquisition and Utilization Efficiency
of Wheat Genotypes in Rock Phosphate. Journal of Water and Soil, 26(4): 968-978 (In Persian).
Kazemalilou, S., N. Najafi, A. Reyhanitabar and M. Ghaffari. 2018. Effects of integrated application
of phosphorus fertilizer and sewage sludge on leaf chlorophyll index and some growth
characteristics of sunflower under water deficit conditions. Journal of Soil Management and
Sustainable, 7(4): 1-18 (In Persian).

Liu, H., C. Hu, X. Sun, O. Tan, Z. Nie, J. Su, J. Liu and H. Huana. 2009. Interactive effects of
molvbdenum and phosphorus fertilizers on arain yield and quality of Brassica napus. Journal of
Food, Agriculture and Environment, 7: 266-269.

Lépez-Valdez, F., F. Fernandez-Luquefio, S. Luna-Sudrez and L. Dendooven. 2011. Greenhouse gas
emissions and plant characteristics from soil cultivated with sunflower (Helianthus annuus L.) and
amended with organic or inorganic fertilizers. Science of the Total Environment, 412-413: 257-264.
Lynch, J.P. 2011. Root phenes for enhanced soil exploration and phosphorus acquisition: tools for
future crops. Plant Physioloay, 156: 1041-1049.

Manske, G.G.B., J.I. Ortiz-Monasterio, M. Van Ginkel, R.M. Gonzalez, R.A. Fischer, S. Rajaram,
and P.L.G. Vlek. 2001. Importance of P uptake efficiency versus P utilization for wheat yield in acid
and calcareous soils in Mexico. European Journal of Aaronomy, 14(4): 261-274.

Olsen, S.R. and L.E. Sommers. 1982. Phosphorus. p. 403-430. AL Page et al. (ed.) Methods of soil
analysis. Part 2. Aaron. Monoar. 9. ASA and SSSA, Madison, WI. Phosphorus. p. 403-430. In AL
Page et al.(ed.) Methods of soil analysis. Part 2. 2nd ed. Agron. Monogr. 9. ASA and SSSA,
Madison, WI.

Paniego, N., R. Heinz, P. Fernandez, P. Talia, V. Nishinakamasu and H. Esteban Hopp. 2007.
Sunflower. pp. 153-177. In: C. Kole (ed.), Genome Mapping and Molecular Breeding in Plants, Vol.
2, Oilseeds. Springer-Verlag, Berlin-Heidelberg, Germany.

Pourebrahimi, M., S.M.R. Ehteshami, K. Khavazi and M. Ramezani. 2014. Evaluate the effect of
seed inoculation with pseudomonas fluorescens strain 103 and application of phosphorus on
nutrients uptake, chlorophyll content and biological yield of two forage barley cultivars in Fuman.
Agronomy Journal (Pajouhesh & Sazandeqi), 104: 152-159 (In Persian).

Sander, D.H. & B. Eghball. 1999. Planting date and phosphorus fertilizer placement effects on
winter wheat. Aaronomy Journal, 91(4): 707-712.

Shaharoona, B., M. Arshad and Z.A. Zahir. 2006. Effect of plant arowth promotina rhizobacteria
containina ACC-deaminase on maize (Zea mays L.) growth under axenic conditions and on
nodulation in mung bean (Vigna radiata L.). Letters in applied microbiology, 42(2): 155-159.

19. Shahbazi, K. and H. Besharati. 2013. Overview of agricultural soils fertility status. Journal

20.

21.

Management System, 1(1): 1-15.

Shoghi-Kalkhoran, S., A. Ghalavand, S.A.M. Modarres-Sanavy, A. Mokhtassi Bidgoli, and P.
Akbari. 2013. Integrated fertilization systems enhance quality and yield of sunflower (Helianthus
annuus L.). Journal of Agricultural Science and Technology, 15: 1343-1352.

Soleimani Gezeljeh, A., R. Darvishzadeh, A. Ebrahimi and M.R. Bihamta. 2016. Study of genetic
diversity of oily sunflower lines under normal and limited irrigation conditions. Modares Journal of
Biotechnology, 7(1): 55-70 (In Persian).


http://dx.doi.org/10.29252/jcb.12.33.202
http://jcb.sanru.ac.ir/article-1-1096-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-06 ]

[ DOI: 10.29252/jch.12.33.202 |

Journal of Crop Breeding Vol. 12, N0 33, SPring 2020 ............iiiieieeieieireeesesirreie st s st et et e ee ses eannaeeensn s aenaenns 214
Evaluation of the Response of Oilseed Sunflower Pure Lines
(Helianthus annuus L.) Under Phosphorus Deficiency Condition

Maryam Rasoulzadeh Aghdam*, Reza Darvishzadeh® ®, Ebrahim Sepehr* and
Hadi Alipour®

1- M.Sc. in Plant Breeding, Department of Plant Production and Genetics, Faculty of Agriculture and Natural
Resources, Urmia University, Urmia, Iran
2- Professor, Plant Production and Genetics, Faculty of Agriculture and Natural Resources, Urmia University,
Urmia, Iran
3- Professor, Institute of Biotechnology, Urmia University, Urmia, Iran
4- Associate Professor, Department of Soil Science, Faculty of Agriculture and Natural Resources, Urmia
University, Urmia, Iran
5- Assistant Professor, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources,
Urmia University, Urmia, Iran, (Corresponding author: ha.alipour@urmia.ac.ir )
Recived: November 27, 2019 Accepted: January 28, 2020

Abstract

Phosphorus is one of the most nutrient elements in plants that has multiple structural roles in
the cell and catalytic function of the enzymes involved in metabolism. Due to low phosphorus
availability in calcareous soils and differences in plant genotypes in soil phosphorus uptake,
identification and study of different genotypes with high phosphorus uptake efficiency is
essential to reduce the use of chemical fertilizers. For this purpose, 76 pure sunflower lines
collected from different parts of the world were investigated in two separated optimum and
phosphorus deficiency conditions based on completely randomized design with three
replications in Faculty of Agriculture research field, Urmia University during 2017 cropping
season. In optimum condition, 0.4 g/kg triple superphosphate was added to the soil with
deficient phosphorus content (7.24mg/kg) in each pot. Significant difference was observed at
1% probability level for all investigated traits including plant height, stem diameter, head
diameter, thousand seed weight, grain yield and percentage of phosphorus. Oilseed sunflower
lines were clustered into four clusters under both optimum and phosphorus deficiency
conditions. The distribution of investigated lines in the same clusters was different under
optimum and phosphorus deficiency conditions. Finally, based on the biplot of MFVD
multivariate tolerance index, principal component analysis and the result of cluster analysis
lines 6, 72, 71, 19, 35 were identified as desirable lines. These lines showed high grain yield and
yield components and lower reduction under phosphorus deficiency condition which can be
used for introduction of new hybrid varieties.
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