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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

Pl b jaud 2908 g atgg bulyd )3 (ifg) S slagnY bl SB o8 s -2 Joue
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

Slayo 55k

%P DY TGW ™D SD PH @l @y JWEPRY

Stress Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress Normal
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
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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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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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