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Table 1. The list of studied oily sunflower lines

< oY el oSl Sliis Seel o oY el oS eb Sldes S e el
Name of Name of Name of research Name of Name of Name of research
Code . Code .

line country center line country center
1 H209A/LC1064 France ASGROW 39 HA337B USA USDA
2 AS5306 France ENSAT 40 H100B France ASGROW
3 RHAB858 USA USDA 41 B454/03 Hungary -
4 H209A/83HR4 France ASGROW 42 HA304 USA USDA
5 AS3211 France ENSAT 43 RT931 France RUSTICA
6 ENSAT-254 France ENSAT 44 HA335B USA USDA
7 AS5304 France ASGROW 45 NS_B5 France NOVARTIS
8 (K100)1009329.2 France ENSAT 46 NS-R5 France NOVARTIS
9 ENSAT-270 France ENSAT 47 DM-2 USA USDA
10 AS613 France ASGROW 48 H156A/RHA274 France ASGROW
11 H100A/LC1064 France ASGROW 49 SDB1 USA USDA
12 RHA266 USA USDA 50 HAR-4 USA USDA
13 PAC2 France ENSAT 51 AS5305 France ASGROW
14 H157A/LC1064 France ASGROW 52 RHA274 USA USDA
15 DES20QR5 France BRN 53 H158A/H543RB France ASGROW
16 (K100)1009337 France ENSAT 54 H100A/RHA274 France ASGROW
17 AS3232 France ENSAT 55 H209A/H566R France ASGROW
18 ASB28 France ASGROW 56 ASO-1-POP-A France ENSAT
19 SSD-580 France ASGROW 57 B-F1POPB France NOVARTIS
20 ENSAT699 France ENSAT 58 D34 USA USDA
21 SSD-581 France ASGROW 59 CAY France ENSAT
22 Oct-59 Iran SPII 60 NS-F1-A5*R5 France NOVARTIS
23 H603R France INRAMONT 61 36 Iran SPII
24 4 Iran SPII 62 38 Iran SPII
25 CHLORINA-703 France ENSAT 63 SDB2 France INRAMONT
26 NSF1-A4*R5 France NOVARTIS 64 H158A/LC1064 - -
27 28 Iran SPII 65 H543R/H543R France ASGROW
28 30 Iran SPII 66 H543R France -
29 1-803 Serbia IFVC 67 15038 France ASGROW
30 (K100)1-1009370 France ENSAT 68 SF076 France ENSAT
31 CSWW2X France ~ CAussade g9 A« cl064cC8 - .

semences

32 H158A/H543R-A France ASGROW 70 SF085 France ENSAT
33 H100A France ASGROW 71 SF092 - -
34 H205A/83HR4 France ASGROW 72 HC91 Iran SPII
35 PM1-3 USA USDA 73 Oct-59 Iran SPII
36 RT948 France RUSTICA 74 H-100A-90RLS8 Iran SPII
37 QHP-1 France INRAMONT 75 SF105 France ENSAT
38 SDR19 USA USDA 76 SF-023 - -
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Table 2. Results of soil analysis in evaluation of oily sunflower lines under optimal and phosphorus deficiency conditions

- a)LAP CA._’“J.A

Hos . (dsim)
3y4e ) ‘T"’ g O; ) oy ) Sdew (1) oy (1) Sal olas Electrical
Item Organic oPe ol Clay (%)  Silt(%) Sand (%)  Lime (%) pl:[| oft Conggcft'i‘j,?ty

carbon extrac (ds/m)
Ol 0.74 S 50 30 30 315 7.92 0.78
Rate _ Lomy-Clay

I esle ] L ol L el
S5 (mglkg) o - - (mg/kg) —der 16 il (mg/kg)
Item Oraanic (mg/kg) (mg/kg) (mg/kg) (mg/kg) Absorbable phosphorus Absorbable

mgtter Zn Fe Mn Cu potassium
Ol 1.28 0.11 11 10.3 13 7.24 102
Rate
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Table 3. Results of combined analysis of variance for the studied traits in oily sunflower lines under optimal and phosphorus

deficiency conditions
Slay e ke
Gu o3 Mean sqqre :
Ol i ol Loy Loy s K o (Sl g sles Ol 5o
) .o . Z - . .
Source of df e RSB s Sl =58 s JS
variation Percent of Qil Grain vield Relative Canopy Chlorophyll
phosphorus  percentages y water content  temperature content
hlf’“ 1 0.1795™ 2672.842™  13224.375™ 1267.849™ 2.380m 213.200m
Conditions
Iif_*y 75 0.0025™ 155.866™ 630.813™ 185.562™ 10.356™ 408.440™
ine
_Jﬂi‘f: x UN 75 0.0009™ 14.709m 109.185™ 82.324"s 11.609™ 173.866™
LinexConditions
U 304 0.005 13487 46.925 98.782 2.903 67.558
Error
(D) S s 2
Coefficient of - 35.05 10.01 32.65 13.33 6.64 19.78

variation (%)

J.p):\jOJW\cla..ﬂ):)mec)b@Mﬁb%j@.

cwe w NS
j ‘

ns*and **: Not-significant, significant at the 5% and 1% probability levels, respectively
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Figure 1. Cluster analysis of oily sunflower lines based on studied traits under optimum phosphorus condition
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Figure 2. Cluster analysis of oily 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

me_,;— \ 4.«_,;- ; Y 4.«_,;- ¢ 4..2)9- 0 4..2)}
Clusters Cluster 1 Cluster 3 Cluster 4 Cluster 5
it - 3.071 1.959 3.660
Cluster 1

Vst 2.251 3.099 2.051 3.817
Cluster 2

Vasss 2.667 - 2634 3.987
Cluster 3

Easy 2.383 2415 ; 4.189
Cluster 4

b g bl 5 Ca aadles 550 Dlis bl

LQAJJSJabjbdujx -\J_}Jo-

Table 6. Analysis of variance of groups based on studied traits under optimal phosphorus condition

CJLM JA)JS O u'”l’)\} Uos
Characteristics Variance between groups Error
@f) gal3l as o 4 71

Jebs S Ol - 50.180
Chlorophyll content 848.819 '
s sl 35.349™ 1.451
Canopy temperature
Relatlve water content
413 2 N 1505.263" 84.251
Grain yield
é,r-‘.ﬂ) Loy 173.453™* 23.345
Oil percentage
ol Lo ) 0.006™ 0.0006

Phosphorus percentage

do s ) Jleas! clgw); Sl e

™ Significant at the 1% probability level
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Table 7. Results of means compression of cluster analysis groups in 76 oily sunflower lines under optimum
phosphorus condition (means + SE)

Sles Y oad et Yo Y oad s § ad e 0 4l JSJKJLA
Characteristics Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Total mean
Q.N Sl
- ] 19 24 7 21 5 76
Number of line
. -
S Ol 38.59c+1.63 39.19c+145 51.45b+2.68 36.48c+155 61.07a+3.17 40.86
Chlorophyll content
: 23.79c +£0.28 25.45b+0.25 27.44a+0.46 27.09a+0.26 24.36c+0.54 25.60
Canopy temperature
SOl d (Gl i
. _"J - S 79.41a+1.29 71.09p+1.14 76.98a+2.12 78.07a+122 80.26a+251 76.25
Relative water content
&l 5 Ses
T 23.02bc +2.11 30.72b+1.87 22.57bc+3.47 18.89c+2.00 54.93a+4.11 26.73
Grain yield
oI S22 38.97bc+1.11 35.36c+0.99 39.86bc+1.83 41.67ab+1.05 45.67a+2.16 39.10

Oil percentage

J.ii.m.é M)J
Phosphorus percentage

0.087b £0.005 0.076b +=0.005 0.14a+0.009 0.08b +0.005 0.081b+0.011 0.086

Al (6ol pme M sy 0 Jlazx] ClaM):SNK Sasl laly cnsy s s alie Gy > lls sla Sls
Means with common letters in any rows don’t have significant difference at the 5% probability levels according to SNK test.

‘).i..«..é 5}»“5 jﬂ{\ﬁ o wlhﬂ J‘)jﬁ CJLM uAL.A\_).: LAa‘jjg UMJL'.{)‘) AiJ}L:_/\ djv\}
Table 8. Analysis of variance of groups based on studied traits under phosphorus deficiency condition

Characteristics Variance between groups Error
(df) gal31 a= s 3 72
oS Ol 748.284™" 74.371
Chlorophyll content
s sl 20551 3.001
Canopy temperature
S22 et S 584.136™ 24.044
Relative water content
4l 2 Nas 407.229™ 73.269
Grain yield
GFa0 Ao 280.594" 14.879

Oil percentage

A 22 0.003" 0.00013
Phosphorus percentage

Ao ) Jlea| ckM 53 s e e
**: Significant at the 1% probability level

5\ (Fernandez, 1992) ;.U 5 (gdues S 55 A o5 S bl ¢l IMFVD Ve i Joos sl

Sl a8 Ad eslinad MFVD cﬁ&ia.)q‘}apu"upl.w 6L°¢HY>N>}?“SQM}YM°J§WQL5U‘Q€Y

1- Membership function value of drought tolerance
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Table 9. Results of means comparession of cluster analysis groups in 76 oily sunflower lines under phosphorus
deficiency condition (means + SE)

olis VoAt Yol Yoaks ¢ oady JS oS
Characteristics Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total mean
oY Sl 14 14 25 23 76
Number of line
Jﬁj’fg Ol 21.31bc +4.34 43.18b + 2.31 36.4c£1.73 49.53a+1.8 42.23
Chlorophyll content
U’W“S sl 25.35b £ 0.46 27.88a + 0.46 25.68b +0.35 24.76b + 0.36 25.74
Canopy temperature
S _‘f\ s S 77.7a+1.31 75.87a+1.31 66.14b + 0.98 75.57a +1.02 72.91
Relative water content
ol ,’Jsu“‘_ 10.66c+2.29  1454c+229  3403a+171  21.38b+179 15.60
Grain yield
O3 L2 32.36b+1.03  29.31c+1.03  34.03b+0.77 38.67a+0.8 34.25
Oil percentage
7 4202 0.069a £ 0.003 0.041bc £0.003 0.037c +0.002 0.047b + 0.003 0.046

Phosphorus percentage

I (gl e BVl s s3 0 ez e 53 SNK O3l bl sy o s wlis Gy, lls sla Sl
Means with common letters in any rows don’t have significant difference at the 5% probability levels according to SNK test.
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Figure 3. Grouping of 76 oily sunflower lines into 4 groups based on MFDV multivariate tolerance index.
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PCDC and PCYPr are indicate sum of significant principal component for drought-tolerant coefficient and traits values.
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Abstract

Nutrient deficiencies are important abiotic stresses that can affect plant growth and development. In this
study, 76 sunflower pour lines collected from different regions of the world were evaluated in pot using
some physiological traits with combined analysis of completely randomized design with three
replications under optimal and phosphorus deficit conditions. Phosphorus deficiency decreased the
means of all studied traits except canopy temperature. Oilseed sunflower lines were grouped into five
and four clusters in each one of optimum and phosphorus deficient conditions, respectively. However
in both optimum and phosphorus deficient conditions, lines 19, 21, 27, 44 and 71 were classified into
desirable cluster with high yield and yield components. Multivariate tolerance index (MFVD) for each
genotype was calculated using the ratio and productivity matrices of the studied traits under optimal and
phosphorus deficit conditions using principal component analysis on the resulting matrices. Based on
the resulting biplot, lines 71, 74, 65, 21, 39, 7, 18 and 11 were introduced as desirable and phosphorus
deficit tolerant lines.
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