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Table 1. Investigated Oilseed sunflower lines and their origin

(Sl 35 o pl 2948 gl oY el s Sl 3 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
- I E B454/03 41 USDA S5 5l RHA858 3
USDA S5 5l HA304 42 ASGROW sl H209A/83HR4 4
RUSTICA auil RT931 43 ENSAT sl AS3211 5
USDA S5 5l HA335B 44 ENSAT auslyp ENSAT-254 6
NOVARTIS auslyp NS_B5 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 Al H156 A/RHA274 48 ASGROW Al AS613 10
USDA S5 5l SDB1 49 ASGROW sl H100A/LC1064 1
USDA S yol HAR-4 50 USDA S5 ol RHA266 12
ASGROW auslyp AS5305 51 ENSAT auslyp PAC2 13
USDA S5 5l RHA274 52 ASGROW il H157A/LC1064 14
ASGROW sl H158A/H543R-B 53 BRN sl DES20QR5 15
ASGROW auslyp H100A/RHA274 54 ENSAT auslyp (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 S yol D34 58 ENSAT ausl ) ENSAT699 20
ENSAT auslyp CAY 59 ASGROW ausl ) SSD-581 21
NOVARTIS auil R5*A5-NS-F1 60 SPII ol Oct-59 22
SPII ol 36 61 INRAMONT sl HB03R 23
SPII ol 38 62 SPII ol 4 24
INRAMONT Al SDB2 63 ENSAT Al CHLORINA-703 25
- - H158A/LC1064 64 NOVARTIS ausl ) R5*A4-NSF1 26
ASGROW sl H543R/H543R 65 SPII ol 28 27
- aul H543R 66 SPII ol 30 28
ASGROW il 15038 67 IFVC L 1-803 29
ENSAT il SFO76 68 ENSAT Al (K100)1-1009370 30

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

- - SF092 71 ASGROW ausl ) H100A 33

SPII ol HC91 72 ASGROW ausl ) H205A/83HR4 34
SPII ol Oct-59 73 USDA S5 ol PM1-3 35
SPII oyl H-100A-90RL8 74 RUSTICA Al RT948 36
ENSAT auslyp 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

conditions
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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 ™ SD PH @il 4y 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 2126 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 26065 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
4922 60/26 67/66  30/47 66/50 77131 63/25  56/33 67/20  65/52 76/32 83/47 - () oses 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 95 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
43/60 0/03 0/05 39/92 9/83 16/37 14/84 22/67 26/67 20/32 9/42 11/83 7 12/01 12/99 17/49 11217 13713 38

L0¢

Hoarmer (2 S197 €47 7 céifea?) oyfo ooy € et



=¥ Jsio dobl

YY/0 Y I \o/0f FEIVY D0/%Y 5\ DAISY FY/5Y —YYIY \Y \Y/EY —\a/f YY/VA Y\/os N Y \YE/Y ()
ST ooy /A FE/AN \a/o- YOIy \Y/50 vo/vy A5V (Whii Ve IAY \Y/o —.jav YY/a¥ YE/E A \NF WY ¥
ra/ay ooy e ov/s¥ WY YYIV- —¥/ INia% INT/a% Yo/¥a a/fy \Y/EY Ya/¥a \Y/A0 Va/sy YY/5F B7%% \EYIY i3
YAIEE /A AN TY/AF YIRY YE/VY —¥¢ QA/SY sa/vy —Ya/a \F/0 W% vy Y&/ov YE/VE -y WY/Y \WE/Y Y
O0/A- N3 B Y¥/5Y Yoy YR/ay —VY /Y s0/vY 5 V-5 \Y/eA \Y/0A —V/gY VE/AE VE/YE ASY WYY Y '
YO/ Y /A V/EY YY/EY FA/A- —va/y SYI5Y FA -5\ \O/RY VEIVO -Y\/p \$/a \O/5F VoY 110 \Yo/Y i
FA/SA o/ N £5/54 \Y/Y- TY/Y- YV/a0 ¥ I Yanz VE/AN VV/AY VE/-A VE/FE (Whii \Y/EY Yo/ Vo) Na7%% o
YY/va o/ NEd Y/¥Y Y£/A- YV/ov ~AAD SYI5Y 5. -v/as WY /Y YIvY WYY VAIYY VE/oY Voo Na/y ¥
£o/y o/ NEd YEIYY Y/ \V/VY —f-/A IXVans V- -v/o¥ VeloA v-Ivo ¥/f Vo /¥ VE/YA v/oa Vo A5y L%
Yy/ay e NEd AIVA \O/YY \BIY- —o/50 FY/5Y Y/ /oA (A% A VY \O/NY \EIVY VAN ar/vy \ea ¥A
FF/0) o/ N sa/5Y AIV- YA/SY —\Y/A d0/%Y INT/a% YY/Xs v/ay WA -y VS0 \slos —YVIY NE yor £
SO/FY R AN vY/\$ Yy/YY Ty/Y- —ay/y ov/rY v —WY Wia% \VE/EY —f/.¥ Y\/Y YY/§ -\ FY/Y WY -
OY/$) oy /0 WY YY/Y- Yo/ Yo/AR A Vool YYIAR W Va/d —¥/¥0 Yy/ay YY/50 YYD 3% VAY/Y o)
O[5V oy /-5 oIV Ay \E/Y —YEIV 5. FAISY £IvY a/sy VoISV Va/\y WY \F/A YY/VA AY/sY (R7% oy
$0/A0 N A TV/A¥ VF/AY YY/a- YV/55 oA VoYY Ya/va NSV WY Fay \o/Y YY/YA Va/vy /%Y WAV oy
£ /YA oy /-5 YA/NA YY/\WY YAV —\/5Y i FY/VY Va/va WY \Y/VD FIvV VE120 VAIVA A/ ay WY of
£10¥ A /4 MY~ /¥y Y /o¥ TV/VE ya/yy F2I5Y YV/$5 o/sY \. Ya/A a/xy [Wias £\ AB/YY ay/sy N
AV N /A i2das MY YE/YY o/¥d YAY YAISY V£ /00 Vo/¥Y YISV WA VYD \Y/A —\-Y an Q. /¥y o8
SAIV- oy /A £VIAE VIV TY/5Y YV/AY VY FYIYY —ov/o \Y/VD a/vd —Y/vy VAIFY VAJAY ¥IVY wo/y NZ2 av
LAY Y - SY/-A AIYY YY/¥- Vv oISV oISV YEIA /YD /o \v/oy YTV (Wirg YA/ £ I8Yia% oA
YAIVY o /v vo/oy /Y- /Y A Y5 YV/¥Y YY/VE FIsV a/vd VEIAM a/vy A —\-¥ ay/vy Ab/EY IS
Y8 Y /N YA/BY VY VE/EY —5¥15 SY/0A TV/RY Yy/av v/sv a/AY VAIYY VV/50 VENA VAIYS AY/YY (7% 5.
FY/A -Ie¥ /-5 SVIY- a/y- YV/VE —ANY FY/Y [378% YS/-A NSV VV/AY A Yoy \Y/5A YY/VY \Y Yo £
£\1o o Ay YA/YY o5+ Yo/ -T\/Y i £f YV/SE v WA -va/a Y274 \Y/AF Ya/ve A /pY N £Y
YAIR® e <JA YA Wias VEIV- -Ya/¥ ¥ v —\AID VoISV a/-A -y VWA ARs /Y \oF Y s
FY/N- oy e £510¥ Yo/YY iM% \V/AF sy vo/vy /¥R W% VE/A -Y/\Y VAIAL VA/AA ¥/FY AA/sY \WF ¥
FAIFE o Ay \O/EA \WYIYY \O/VY —\$IV s [87/2% £IY\ NSV a/\y -5 N7 Y5 Yolvs AY WY £0
VA/¥A o A YY/YA £lov YY/ov —\/A YO/TY IN/2% YY/5¥ £IeY AAY YoA AAY /Ay Y£/\Y Vo VN 5
£A/\A oy - YY¥/5\ Yo/Ay TY/$- —Y. v VPV M ~¥/¥\ \Y/TY V/AY —5¥/\ YV/00 \O/AF -Y/a0 Mo/ \WF 1%
Fo/sA o[-0 A OF/FY \F/FY AV (WAii Ay i VF/VA WA s VAIYA VAIYY YY/A a/v¥ Veay YN A
FY/5 oy e FY/AN a/vy a/a- va/s (a1/2% Y -¥a/o a/sy AYY —./5Y Y20 \YIVY —\0/\ \FY Y £
£ I¥A o N I VeIV Y. /o¥ YA/-0 YY/EY ov/¥Y vy/oa MY \Y/0A Y5/0¥ VV/of VE/¥Y VV/AY ar/sy WYY v.
—a/ov o ¥ Yy/of TE/VY FY/YY VAN A 5 ) \Y/TY VE/YO ¥/5Y \AISS YA/W 0/ ¥ \FY/Y WY v\
\SIVE oy oy YOIV \slov Yo/vY —vals Ve o5 -YV/d A7) WYY —5.JA YY/.5 Nla% Y/ e % vy
¥a/55 oy e ra/va a/sy \$ee —f/ov Yo/rY ¥ alva \YIEY W —a/ov W/ 10/00 Y/av FY Nis s
£1/A o - \AIS¥ \SIVY Y. /oy —f/av IN/a% £Y —s0lY \e/d /oA VIV \YIAY \Y/AD £IFA Q. /vy AA/FY N
YV/YS Y Ay YV/VE v/A- VoY £1-0 v YOIy Yo /¥A A A% -Y./5 \Y/55 WY YV/AR ISYVia% (7% Vo
YAINY /e N YY/AS AAY VV/AS VF/AY TV/RY ¥ \Y/5F Ao a/AY VA/AF AIVS V-/aY YV/o5 av/¥y va/my Vs
/o5 o/ N v4/40 \0/0% YEIYY £1aY Y OY/AF Vo/va VoYY YA ¥/FV o/ \E V[N Aos \oo/Y WAIY Sike
- FY/VY ¥4/ - YA/\ SVIAD - TY/IAS YA/SY - YE/5Y YY/\D - YA/EY YY/\- - VAIYA \0/YA V%

yhund Lo)d P (Wigy y p)S) aily 5 Slas :BY £(p,5) &ils jlin 459 TCW (0 (5lo) 3ub jlad :TD teBlis yad :SD (0 (5lo) &gy glis)l :PH

[ €500 R0 9 (enrsfe(” 67 (7 shnuue snuueljaH)



Distance

AR

& prie b By o MBS dond @SS 5 25
09 ald Hlaw 4y Cons olS” g wild 3 Shas b dixe i8]
Jole 53 @b olS Lawgs s yolie s 4ol 4 argi b
S ches sl G i 1l
& wlodS oo 1) Glady) e ((S35lsd)5)
(V) 28l 5o ady) bwg glié yole Qi p dlg
yobe oolil culll b cov ol s b ol cale
Ol Gl OA) Ml pud (eald oy 4 5 (2l
235 odnlie phud Aty bulpd b glagnY ) jhud Gl
LAl Al blpd )3 Haud Gl (1S0ke oS5 y5b 4

Ablige /0L ply hud 35008 Lulyd )3
OBl sy o 95 o g ey sghiie
3y90 Clio le p 3)lg gy 4 sladed 4 o8 ()
9 b ey 0SSl sl Y (d S pll adllae
BAD (gueg)S Adgs ¥ )0 Al g shed 35S Lalpd
Ml?u < [EYYY 9 - [£AYD )41)4‘)11«“5 )y.of 9 W Ja.\l).w
5 ol b puyle VU ks sl Sl o w3
VO ).Qwﬁ.)y.og L:J‘)MJ P9 L4 ‘_54.'\)'139; IB)LQ? M9> JEl
@il w8S 15 e Al 3 (Y VO 5 pou
gy ame bylyd 4 a9 b alie glaadss o bpY
VLS 5o pow g pilee adgd g Oglite jaud d9seS g

Oy yind 3908 g dag bulyd Cov iy 4 Y
(B Jaa) ol ol adsd plo b awlis (0 1) alold

Dendrogram

WA L /YY" o)l /padjled Jlo / l; lS Mol doliings

(V) 92 olS 59y p (s | Jol> @l (polal
3908 5 bgegdgw Sl L)k il &5 Ab dalis
Bl jlad il cely polie Clo p jhud il zolaw
2 () ohlen g shle (bl 298 00 olS SS9
sl gl as woly s b Solidl olS (g9 1 255 (gaalllas
JidglS padls pr OMSB (o g 5aud 355 ()l (Lol
S5y £l g 3,Skae Sy gl a3 dncS
ol > Gixe a8l
5 Cypides ghld Cui g L YE S YT S DY Y oY
1 Gk b cseS gl 55 5 0 SA NE A clayY
@ yind 39008 Llpd ) (ppimen Wdg Hiud die ks
SepY g pyido YV o ¥F & VY 8P oY iy
oS sl ol 1y ab b %S YD o 55 Y A0 A
st 1y yand 39008 Lulyd )5 Bl Jlad falS (g
el yind 3908 5 4y glié Slge 5 T s tnlS
Ghoyd YA ials cel jawd 258 IS job 4
aS b abgy S0kl clapY s il 5 Slee ialS
TY Gl @ sl a5, Slas oy o digy basld 4o
4 Blie iy 4 alb 0)Sles 1y 3ieS 93 5 YA YY) SY
S9uaS byl )0 el D9 VE 5 ) YO SV A sl
Eb Gy 4 VY R Y T X oY hus
peS Gl YV 5 WY 0 B0 A slacpY g o ki
O oiiSen y Bl IS ddlllas S 3 L3g ild 3 Slas
Jud dp)8 & oad B)IS TS n dge g b
Ohlse 2l pas 9 08 L1 ey 5 4l slad Shes
A8y Il Bk 5l jad s Bib Sl e e il
sl 5 Slae Il & i olS SlaGME 5 lnasls
(%) ohlSod o oY1 cligins 1 Jobs b olol (1)
h9) 8 9 yhud Bpas & puiS Al dw Gl (ow)p
oo ¥/ oslil LB b e b (SB 5 oof Gpuae

‘Ward Linkage, Squared Euclidean Distance

210.88

140.58

0.00

J;H‘cl.:ljﬁlﬁﬂ.er.;_meﬂr:ﬁ

w mem ao =i N T oo Ve T Pl o oo mmian
T R R R R R RN R R A N R T R R IR T R AT RN S S ISR R NN R TR REE Y RO SR RS

Observations

o e by 3 asllho 3,90 o bl yr gy )R] (slacyY (cladss 4z =\ UK
Figure 1. Cluster analysis of oilseed sunflower lines based on studied traits under optimum phosphorus condition



Distance

Yy

Dendrogram
Ward Linkage, Squared Euclidean Distance

35162

(Helianthus annuus L.) &4, s, Kbl (als (clacp¥ 58Ty b))

235.08

117.54

“ngmzERR” LT

METTIETR

“SAsRsnRee

CETERRLCZERARIISESEERRERRIARN

Observations

Figure 2. Cluster analysis of oilseed sunflower lines based on studied traits under phosphorus deficiency condition
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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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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.

Keywords: Grain yield, Multivariate tolerance index, Oilseed sunflower, Phosphorus deficiency



