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Table 1. Physical and chemical properties of soil used in the experiment

Item Organic carbon  Soil texture Clay Sand Silt Lime pH EC
Unit % - % - dSmt
Amount 0.74 Clay loam 40 30 30 315 792 0.78
Item Organic matter Zn Fe Mn Cu P K
Unit % mg kg*

Amount 1.28 0.11 11 103 1.3 7.2 102

EC: Electrical conductivity; pH: Potential hydrogen; Zn: Zinc; Fe: Iron; Mn: Magnesium; Cu: Copper; P: Phosphorus; K: Potassium dS/m:

DeciSiemens per meter.
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Table 2. Quantitative indices used for identifying phosphorus efficient genotypes
Formulas Reference

TAP = (PC x APDW) Ozturk et al. (2005)
Williams et al. (2000); Gunes et al.

Index

Total absorbed phosphorus

Fertilizer response FR = (APDWn — APDWs)

(2006)

Phosphorus acquisition TAP

. .p | PACE = ( S) Oshorne & Rengel (2002a)
efficiency TAPn
Phosphorus utilization APDW

. .p PUTE = (—) Scott et al. (1995)
efficiency TAP

APDWs

Phosphorus efficiency = (m Ozturk et al. (2005)

Calculated phosphorus

CPE = (PACE) x (PUTE)

efficiency

Sepehr et al. (2009)

APDW: Aerial part dried weight; PC: Phosphorus concentration; APDWn: Aerial part dried weight in normal (phosphorus adequacy)
conditions; APDWs: Aerial part dried weight in stress (phosphorus deficit) conditions; TAPs: Total absorbed phosphorus in stress (phosphorus
deficit) conditions; TAPn: Total absorbed phosphorus in normal (phosphorus adequacy) conditions.

YU iz o g jeite Ve OIABY B ¥ /oY (o il
S8 (o by porde 4 Okl cuyd jlade (o9
5 (e)le) Jalse J1 a5 yg0 50 Jy el (lale)]
Sazme slizlar (ks Bl s e by 42525 Jour
Tob O sl Lulys Gl )0 ez adliged Ghalej]
slas og YU 0 L aS ol ol jaisl Jelge
G530 hyb 5l e s ixe 5l kS tyle;]
quaauw%mugmoln@gﬁp)lm?w
Dgd oo JyaS 05 ool olass awgs a5 Slae .o
YU Slio ol sl baama 1 (Sedjcy b (oS lis)

JQTWJQYLU‘waéw‘uSMw)Oson

wtlgp Gidy SS9
s 05 llyl cod ol eSS (s
Y 0 g 0 0,5 YYVISY B YO o)l 0¥ ,0 YANY
L lse Gis Sz ()9 onKiles 09 prite VY o)lods
Gg ,0 o, VeIOF ly olo Skl Glacpy S ks s
SES 539 e 3 (reS yhed dingy Ll il )0 09
Sade bV osled (Y 4 bayye i S 4 s A
Sg &gy ,3 )5 FAAUNY Jluie LV o)leds ¥ 5 FY/PV

A4

Levene’s) 59 se3l b o il ls (o502 (o) 51
o35l b laslie slalas a9 oog Jloys o (test
a9, b bosls uib,ly 4355 [Kolmogorov-Smirnov
e, 0 Jlisl maw jo (ls pxe B! J3las>) LSD
plsl A/F a5 SAS 158l 6 5 10 oo Sikes dlie (6l

O 45 w38 esalie by 4 mls Wl
g S 37) Sl bl )‘\ Qb)i.t;é] ‘_gl.s'z:&')_g}/
g.)-\} ks:‘)ls O g.)..\.‘> JS ).D..MB )‘..U.c 9 u.b.lﬁ sc’_»‘?.b
dsle ol 5 (6 2304955) 955 @ zwly 2Ll (jaud
(F 5V Jglaz) ciils 0529 (g4l gime Dglas Haud 00l
dw el (owyp 0 (Alam et al,, 2003) ., Sen 4 oY1
S Ol b S5 jhnd Gpae SIS @ paiS a3 g
Aonte hulyl g p S elS e )S dee VIR wolinul LB
oS’ yuizmo g dild o0, Slas (po 45 Widges oddlive «paund
Syl sre Hlos DoldS jand 5508 g Al Ll o
s Joso 50 (Ghaome) Slpedi oo 0l d92g



S 0,5 wlids

Jo slois S adls 5,5 o wis,S i l3S (2012
ol Sis oye wlind ol S g Slind saisS
Sladllas ;o 0o o (il gl g jeb a4 1) 90T
Csly jid 3g0aS a5 sls 35S (Balemi, 2009) b
5 i GhalS g Fiegd 4 diuly slaanlp ials
039 GRS e o 5 558 (28,5 anli e e o¥els
Lipp &) Joss 5 oo 09doe lpp it Sis
BB yaud oldl b oas wis,S 5,158 (Goodall, 1958

@y A S (s (Sl iud ag llpd o
OB o (s (O Jso2) 05 4552 y3 2,5 VIVIAN il
Slll 6ol o Slllas L (Zeinali et al., 2008)
S (335 el el i ol § a5 oS 5155
S5 (G ye Slalllas )o 4zl (red 5800 250 i
oL ,o (Mardani Nejad et al., 2001) .l,\Sen
cyéagl o (Bagherzadeh, 1998) ool 3L « wgsgsghau!
ol oadlie b juew 0,5 ,o (Kazemi, 2002) .LlS 4

Yuetal,) ;e g 9 @95 ;0 uizred .Conl

g diagy by | o phunnd o ()1 g 00l QA S5 phnd cphnd SRS olgn gy SUUS (439 (6l milslg 453 -Y Jeae
).é.mé .bg,.wf

Table 3. Variance analysis of aerial part dried weight, phosphorus concentration, total absorbed phosphorus and

phosphorus utilization efficiency under phosphorus adequacy (normal) and phosphorus deficit (stress) conditions

Mean square

Source of variation df — Aerial part Phosphorus Total absorbed Phosphorus
dried weight ~ concentration phosphorus utilization efficiency

Phosphorus 1 336274.966™ 0.256™ 784589.556" 259.699™

Genotype 99  17681.843™ 0.002™ 13476.178" 2.335™

Phosphorus x 99 2884.987° 0.001° 5482.444" 1.004"

Genotype

Experimental error 400 2698.525 0.001 2929.444 1.056

CV (%) - 55.125 33.611 77.24 51.145

. - ns . . - KL
s el 10 o, SG g g jo e s i g 4

ns, * and ** non-significant and significant at 5 and 1% probability level, respectively. df: degree of freedom; CV: coefficient of variation.
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Table 4. Variance analysis of phosphorus acquisition efficiency, fertilizer response, phosphorus efficiency and
calculated phosphorus efficiency

Mean square

Source of

Phosphorus - Calculated
variation df acqu?sition Fertilizer Phosphorus phosphorus
- response efficiency b
efficiency efficiency
Genotype 99 0.055" 5769.974" 448.60™ 0.439™
Experimental 0.04 2511.854 381.035 0.217
error
CV (%) - 52.272 105.851 30.07 52.119

. . ns . . P
o sire e P ias,0 S g mhe (o b pee i g 4 g F

ns and * and ** non-significant and significant at 5 and 1% probability level, respectively. df: degree of freedom; CV: coefficient of variation.
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Table 5. Aerial part dried weight, fertilizer response and phosphorus concentration in different oilseed sunflower

lines
Aerial part dried weight Fertilizer Phosphorus concentration

Code Genotype (g pot?) response (mg g DWY)

Normal Stress (g pot?) Normal Stress
1 H100A/83HR4 60 38.67 21.33 0.15 0.1
2 H209A/LC1064 61.33 36.67 24.67 0.14 0.08
3 H205A/H543R 166.67 112.67 54 0.07 0.03
4 AS5306 73.33 53.33 20 0.08 0.04
5 RHAB858 94.33 42 52.33 0.09 0.03
6 H209A/83HR4 43.33 30 13.33 0.07 0.03
7 AS3211 58 30.67 27.33 0.13 0.08
8 254-ENSAT 243.33 154.67 88.67 0.12 0.09
9 AS5304 213.33 122.67 90.67 0.06 0.04
10 1009329.2(100K) 43.33 38.67 4.67 0.08 0.05
11 270-ENSAT 245.67 97.67 148 0.11 0.02
12 AS613 110.67 61.33 49.33 0.05 0.04
13 A-F1POPA 94 75.33 18.67 0.08 0.05
14 OES 118 90.67 27.33 0.09 0.06
15 H100A/LC1064 142 104 38 0.13 0.07
16 RHA266 87.33 33 54.33 0.07 0.03
17 PAC2 102 65.33 36.67 0.11 0.05
18 H157A/LC1064 220 77.33 142.67 0.04 0.03
19 5DES20QR 99.33 89.33 10 0.07 0.04
20 1009337(100K) 158.67 81.33 77.33 0.12 0.07
21 AS3232 76 44 32 0.08 0.04
22 12ASB3 207.33 144 63.33 0.09 0.06
23 8ASB2 148.67 80.67 68 0.14 0.06
24 9CSA3 149.33 72 77.33 0.11 0.07
25 HO049+FSB 134.67 60 74.67 0.12 0.04
26 SSD-580 120 68.2 51.8 0.08 0.05
27 5AS-F1/A2*R; 60 51.67 8.33 0.07 0.04
28 7CR16=PRH6 118.67 68 50.67 0.11 0.07
29 ENSAT699 82 50 32 0.09 0.05

VEA



S 0,5 wlids

30
31
32
33
34
35
36
37
38
39
40
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44
45
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

SSD-581
TMB-51
10-59
110
H603R
4
703-CHLORINA
NSF1-As*Rs
28
30
F1250/03
SDR18
LP-CSYB
803-1
1009370-1(100K)
CSWW2X
1009370-3(100K)
H158A/H543R-A
H100A
15031
H205A/83HR4
RHA265
PM1-3
RT948
283-ENSAT
QHP-1
SDR19
HA337B
H100B
B454/03
HA304
RT931
HA335B
NS_B5
SDB3
LC1064C
NS-R5
DM-2
H156A/RHA274
SDB1
HAR-4
AS5305
RHA274
H158A/H543R-B
H100A/RHA274
H209A/H566R
ASO-1-POP-A
AS6305
B-F1POPB
D34

143.33
80.67
54.67
76.67
71.33
53.33
72.67
81.33

412.67
84.67

188
97.33
57
78.67
113.33
120
138
131.33
104
99.67
184.67
106.67
110
118.67
110

187.33
74.67

166.67

242
130.67
246
146.67
112.33
82
66.67
43.00
120
66
99.33

113.33

358.67

499.33
65.33

163.33
85.33

61
75.33
81.33

111.33

61.33

92.33
58.67
43.33
58
30
29.33
49.33
54
210
49.33
143.33
59.33
46.67
63.33
76
81.33
70
54
62
66.67
74
54
94
63.33
93.33
115.33
48.67
77.33
106.67
89.33
170
101.33
83.67
61.33
57.33
36
102.33
41.33
63.33
63.33
132.67
232.67
41.33
63.33
65.33
30.67
42
53.33
65
44.67

51
22
11.33
18.67
41.33
24
23.33
27.33
202.67
35.33
44.67
38
10.33
15.33
37.33
38.67
68
77.33
42
33
110.67
52.67
16
55.33
16.67
72
26
89.33
135.33
41.33
76
45.33
28.67
20.67
9.33

17.67
24.67
36
50
226
266.67
24
100
20
30.33
33.33
28
46.33
16.67

0.11
0.08
0.12
0.08
0.14
0.09
0.08
0.08
0.1
0.09
0.1
0.12
0.06
0.09
0.08
0.05
0.15
0.12
0.06
0.09
0.1
0.08
0.05
0.06
0.05
0.13
0.05
0.09
0.08
0.06
0.13
0.09
0.08
0.07
0.07
0.13
0.06
0.06
0.07
0.07
0.12
0.05
0.06
0.15
0.06
0.1
0.08
0.07
0.08
0.1

0.05
0.04
0.07
0.05
0.04
0.04
0.05
0.05
0.05
0.03
0.03
0.07
0.05
0.05
0.04
0.03
0.04
0.07
0.04
0.05
0.04
0.05
0.05
0.03
0.03
0.06
0.03
0.06
0.03
0.05
0.08
0.04
0.05
0.04
0.04
0.06
0.04
0.04
0.04
0.04
0.04
0.03
0.03
0.05
0.03
0.08
0.05
0.04
0.02
0.07
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80 CAY 65.33 39.33 26 0.07 0.05
81 346 68.67 40.67 28 0.05 0.04
82 NS-Fi1-As*Rs 58.33 40 18.33 0.12 0.07
83 36 77.33 48.67 28.67 0.06 0.04
84 38 103.33 48 55.33 0.11 0.04
85 SDB2 63 48 15 0.09 0.06
86 H158A/LC1064 124 80 44 0.06 0.03
87 H156A/H543R 74.67 46.67 28 0.09 0.04
88 H543R/H543R 83 53.33 29.67 0.1 0.05
89 H543R 58 29.33 28.67 0.16 0.05
90 15038 123.33 84.67 38.67 0.1 0.03
91 SFQ076 89.33 76 13.33 0.08 0.05
92 8A*LC1064C* 56.67 36 20.67 0.06 0.03
93 SF085 87 48.67 38.33 0.1 0.04
94 SF092 243.33 147.33 96 0.05 0.03
95 HC91 112.67 76.67 36 0.03 0.03
96 10-59 105.33 70 35.33 0.06 0.03
97 H-100A-90RLS8 84 66.33 17.67 0.1 0.04
98 SF109 119.33 52.67 66.67 0.07 0.05
99 SF105 72.67 54 18.67 0.11 0.07
100 SF-023 42.67 32 10.67 0.09 0.05
Mean - 117.95 70.56 47.35 0.09 0.05
HSDoo : 63.08 60.86 0.03

-SDoo : 48.00 46.31 0.02

C(E,g’)h 55.12 105.85 33.61

LSD: least significant difference; CVp,: Phenotypic coefficient of variation.
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Table 6. Total absorbed phosphorus, phosphorus acquisition efficiency, phosphorus utilization efficiency,
phosphorus efficiency and calculated phosphorus efficiency in different oilseed sunflower lines

Total absorbed Pur][ﬁ?g :t?glrj]s

phosphoTs efficiency (g APDW Phospho_rus Pho_sphorus Calculated
Code Genotype (mg pot™) mg PY) acquisition efficiency pho_sphorus

Norma efficiency (%) efficiency

| Stress  Normal Stress
1 H100A/83HR4 ggg  37.4 0.71 1.14 0.41 64.56 0.44
2 H209A/LC1064 g6.13 30.13 0.75 1.26 0.39 66.11 0.49
3 H205A/H543R 1184 338 1.85 3.33 0.41 73.08 1.37
4 AS5306 5693 19.6 1.37 3.17 0.37 74.48 0.97
5 RHA858 9053 14.87 1.28 5.11 0.23 50.4 0.69
6 H209A/83HR4 27 67  9.13 1.67 3.61 0.40 73.97 1.22
7 AS3211 76.93 25.73 0.84 1.26 0.35 53.53 0.43
8 254-ENSAT 299 14167 0.87 1.11 0.60 74.23 0.68
9 AS5304 18293 63.2 2.52 2.7 0.68 73.19 2.08

1009329.2(100

10 K 35.73 19.07  1.23 2.14 0.55 89.41 1.09
11 270-ENSAT 25917 23.13  0.94 6.11 0.08 41.97 0.4
12 AS613 59.2 25.73 2.14 3.25 0.61 66.11 1.52
13 A-FIPOPA 8167 43 1.4 2.19 0.51 79.44 1.08
14 OES 1282 6553  1.26 1.87 0.58 79.14 1.05
15 H100A/LC1064 190 74 0.75 2.03 0.38 73.55 0.56
16 RHA266 6387 8.8 1.86 3.89 0.26 44.41 0.9
17 PAC2 113.4 296 0.96 2.22 0.27 63.6 0.59
18 HIS7A/LC1064 9867 232 2.33 3.61 0.29 41.46 1
19 SDES20QR  69.8 38.73 1.51 2.33 0.58 90.22 1.37
20 1009337(100K) 196.07 80.53  0.86 2.01 0.32 47.66 0.39

VO



e 6ol O psly 5 (555 il

21
22
23
24

25
26
27
28
29
30
31
32
33
34
35

36

37
38
39
40
41
42
43

44
45
46

47

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

AS3232
12ASB3
8ASB2
9CSA3

H049+FSB
SSD-580

5AS-F1/A2*R2
7CR16=PRH6
ENSAT699
SSD-581
TMB-51
10-59
110
H603R

4

703-
CHLORINA

NSF1-A4*Rs
28
30
F1250/03
SDR18
LP-CSYB

803-1
1009370-
1(100K)

CSWW2X

1009370-
3(100K)
H158A/H543R-
A

H100A
15031
H205A/83HR4
RHA265
PM1-3
RT948
283-ENSAT
QHP-1
SDR19
HA337B
H100B
B454/03
HA304
RT931
HA335B
NS_B5
SDB3

57.07
194.6
213.2
175.93
165.33
95.6
40.4
140.73
73.2
153.13
67.73
68
62.87
98.47
45.13

57.67

66.93
400.53
67.6
176.93
119.53
32.77
75.4

87.2
62.07
199.53

152.53

63.93
88.67
196.47
88.93
60.93
73.33
58
242.4
38.53
157.53
192.87
78.4
349.8
139.6
102.37
55.73
44.4

17.8
100.07
44.87
57.6
25.93
37.68
20.63
47.07
23.87
59.8
28.53
30.27
31.53
12.73
14.33

25.8

25.33
106.4
16.4
48.2
43.93
24.93
32.2

27.2
21.53
29.8

39

23
31.07
27.4
26.13
45
19
28
82.4
15.87
45.93
30.87
39
132.2
39.33
44
25.8
24.8

1.37
1.09
0.76
0.97
0.89
13
1.9
0.97
1.14
0.98
1.42
0.82
1.23
0.76
1.18

1.37

131
1.04
1.23
11
0.85
1.87
1.09

1.45
2.31
0.70

0.84

2.04
1.25
1.04
1.26
2.19
1.7
1.89
0.79
2.25
1.2
1.42
1.67
0.82
1.23
1.48
1.72
1.51

2.61
1.87
2.08
1.64

2.5
2.06

1.56
2.22
2.81
2.5
1.45
2.25
25
2.98

2.7

2.92
2.33
3.05
3.05
1.37
1.98
2.06

2.78
3.89
2.61

1.45

3.17
2.33
2.89
2.33
2.42
3.33
3.33
2.45

2.08
3.61
2.17
1.26
2.89
1.89
2.78
2.44

0.35
0.45
0.22
0.37
0.19
0.38
0.53
0.36
0.36
0.29
0.44
0.47
0.49
0.13
0.31

0.48

0.35
0.25
0.25
0.25
0.39
0.79
0.45

0.36
0.46
0.18

0.29

0.39
0.34
0.19
0.29
0.78
0.30
0.48
0.32
0.38
0.47
0.20
0.48
0.52
0.37
0.57
0.45
0.54

60.06
66.69
61.24
52.77
50.66
54.35
86.12
58.31
64.92
55.12
74.34
81.03
74.71
42.1
54.41

70.65

66.31
49.28
62.8
69.01
61.03
82.99
83.49

70.52
74.43
56.04

49.19

59.6
63.62
42.93

53.4
86.06
57.36
85.82
61.86
64.38
57.27
44.11
63.27
74.54
77.39
73.16
76.22

84.2

0.86
0.71
0.49
0.52
0.47
0.69
1.66
0.56
0.74
0.55
1.04
0.67
0.91
0.32
0.64

1.01

0.85
0.49
0.74
0.77
0.53
1.58
0.92

1.06
1.65
0.41

0.4

1.22
0.79
0.47
0.69
1.93
0.98
1.62
0.49
1.45
0.74
0.65
1.05
0.62
1
1.06
1.23
1.27
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65
66
67

68

69
70
71
72

73

74

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

Mean
LSDoyo

1
LSDo.o
5

CVpn
(%)

LC1064C
NS-R5
DM-2

H156 A/RHA27
4

SDB1
HAR-4
AS5305

RHA274

H158A/H543R-
B
H100A/RHA27
4

H209A/H566R
ASO-1-POP-A
AS6305
B-F1POPB
D34
CAY
346
NS-F1-As*Rs
36
38
SDB2
H158A/LC1064
H156A/H543R
H543R/H543R
H543R
15038
SF076
8A*LC1064C*
SF085
SF092
HCI1
10-59
H-100A-90RL8
SF109
SF105
SF-023

54.17
72
39.87

75.2

75.87
396.6
228.53
39.33

251.87

55

60.87
61.2
51.87
80.4
60.67
45.4
37
70
44
106
58.83
78.6
62.27
88.23
99
119.87
75.73
32.6
87.27
121.93
36.53
59.53
85.6
92.13
77.67
36.73
106.23

65.73

50.01

77.24

20.33
44.8
15.47

25.53

26.2
55.33
58.4
12.4

28.33

24.4

24.53
22.13
15.67
15.47
29.4
19.67
14.93
24.27
18.07
18.6
29.93
27.07
20.6
24.67
14.27
254
37.2
9.6
18.6
44
21.53
19.13
24
26.87
37.13
17.13
33.91

0.8
1.67
2

14

1.53
0.9
2.31
1.7

0.67

1.64

1.01
1.26
1.56
1.37
1.15
1.56
1.98
0.83
1.92
0.99
1.07
1.7
1.23
0.98
0.63
1.05
1.22
2.08
1.06
2.06
3.05
1.79
0.98
1.56
1.02
1.18
1.35

1.25

0.95

51.15

2.11
2.33
2.78

2.61

2.78
25
3.89
3.33

4.23

3.44

1.37
1.89
3.81
4.44
1.59

2.78
1.68
2.78
2.61
1.59
3.33
2.89
231
2.92
3.33
2.33
417
2.78
5.28
3.89
3.61
3.06
2.14
1.56
1.89
2.67

0.41
0.62
0.41

0.41

0.38
0.14
0.29
0.32

0.13

0.43

0.40
0.38
0.30
0.20
0.51
0.50
0.42
0.39
0.49
0.22
0.53
0.32
0.33
0.35
0.18
0.22
0.47
0.31
0.26
0.34
0.56
0.34
0.30
0.38
0.52
0.48
0.38

0.24

0.19

52.27

84.51
85.04
62.48

67.64

56.36
40.3
53.76
63

38.32

74.42

51.68
55.82
63.85
63.92
73.39
63.38
63.15
69.34
62.31
59.77
77.65
63.09
63.74
66.18
56.23
66.82
84.7
62.91
56.85
60.02
64.79
67.25
79.76
52.54
70.37
74.65
64.98

23.70

18.04

30.07

0.68
1.42
1.17

0.98

0.89
0.35
1.09
1.09

0.25

1.19

0.51
0.71
1.01
0.82
0.83
0.99
1.18
0.58
1.27
0.6
0.83
11
0.76
0.66
0.37
0.72
1.04
1.18
0.61
1.2
2.01
1.21
0.77
0.86
0.78
0.88
0.89

0.57

0.43

52.12

LSD: least significant difference; CVp,: Phenotypic coefficient of variation.
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Table 7. Correlation coefficients among phosphorus acquisition efficiency, fertilizer response, phosphorus
efficiency and calculated phosphorus efficiency in different oilseed sunflower lines

PACE FR PE CPE
PACE 1

FR -0.60™ 1

PE 0.74" -0.81™ 1

CPE 0.68" -0.39™ 057" 1

**_Significant at 1% probability level.

Sy S el maw o Iy pes FF

PACE: Phosphorus acquisition efficiency; FR: Fertilizer response; PE: Phosphorus efficiency; CPE: Calculated phosphorus efficiency.
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Abstract

Phosphorus after nitrogen is the most important and essential nutrient for plants, and plays a major role
in the process of energy production and transfer. In an experiment, adsorption efficiency and
consumption of phosphorus in 100 oily sunflower inbred lines which collected from different parts of
the world were evaluated based on a completely randomized design with three replications in potted
conditions under both optimum and phosphorus deficiency states. The results of analysis of variance
revealed that there is a significant difference among lines in terms of aerial part dried weight, total
phosphorus content and concentration, fertilizer response, phosphorus acquisition efficiency,
phosphorus utilization efficiency and calculated phosphorus efficiency. The average of fertilizer
response for sunflower lines was 47.35. Totally, the index varied from 4.7 to 226.7 grams. The
phosphorus acquisition efficiency index ranged from 0.08 to 0.79 with an average of 0.38. The average
of phosphorus utilization efficiency in optimal conditions was 2.67 and in the case of phosphorus deficit
conditions it was 1.35. The index varied from 1.11 to 6.11 grams' dry matter per milligram of
phosphorus. The phosphorus efficiency index varied from 32.38 to 90.22%. Based on calculated indices,
the sunflower lines including 1, 73, 2, 8, 34, 46, 47, 70 and 89 are introduced as phosphorus efficient
genotypes and lines including 45, 56, 95, 11, 12, 27, 52, 71, 73, 78 and 94 introduced as phosphorus
non-efficient genotypes. Phosphorous efficient lines can be potentially used in the production of
phosphorus efficient sunflower hybrids in the breeding programs.
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