3 ) M oS Al S e g aaladl 28USH a0
(0 pall 2 p< A8loell a9 plall e puadd! B A ) Jguase ALl g gan

Effect of Plant Density and the Level of Agricultural
Sulfur Application on the Growth and Yield of Sunflower Under Arid
Conditions in Iraq
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Abstract

The decline per unit area of sunflower productivity in Iraq in comparison with the world sunflower
productivity is important and required to be studied in order to exploit the different environment factors (soil,
water, light, temperature, fertilization, etc.) in an optimum way to improve production both quantitatively and
qualitatively.

A field trial was carried out in the province of AL-Anbar in Iraq according to split plot design in complete
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randomized blocks. The aim of the study, which lasted two years, was to determine the effect of two important
factors on the growth and productivity of the sunflower crop (Euro flower variety), namely plant density with
five levels (71428, 83333, 100000, 125000, 166666 plant/ha) and agricultural sulfur application with four
levels (0.00, 0.75, 1.50, 2.00 Meq.S/ha).

The increase of plant density led to a significant increase in plant height whereas dry plant weight, the
capitulum’s diameter and the number of seeds per capitulum decreased. The total seed yield increased. The
application of agriculture sulfur to the calcic soil significantly decreased the degree of soil pH and this was
accompanied by a significant increase in the soil nitrogen (N) and available phosphorus contents, which
reflected positively in the quantity absorbed by plant.

The increase of plant height, leaf area and plant dry matter led to the increase of the capitulum’s diameter,
the total seed yield and the oil seed content.

The interaction between the two factors significantly affected the studied traits. The plant density treatment 166,666
plant/ha and the treatment with sulfur application at 2.00Meq S/ha significantly highlighted these traits compared
with the treatment with 71428 plant/ha without sulfur application which demonstrated the lowest performance.

The study showed the possibility of increasing plant density of the crop via applying agricultural sulfur as

an amendment to the soil to obtain the best quantity and quality of seeds.

Keywords: Plant density, Agricultural sulfur, Sunflower.
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91.6 76 83 91 100 108 90.2 77 86 88 97 103 S2
98.6 78 85 95 110 125 96.6 80 87 93 103 120 S3
69.7 | 78.0 | 870 | 97.0 | 104.2 71.7 | 80.0 | 86.2 | 94.7 | 101.5 Jaall
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D =22.23 D =20.01
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Lol 2alisy Al aals)
Jetall Jutall S S
D, D, D, D, D, D, D, D, D, D,
99.1 | 104.1 | 100.4 | 97.8 | 959 | 92.3 | 97.6 | 101.5 | 100.9 | 100.6 | 95.6 | 89.3 S,
102.7 | 109.0 | 107.7 | 102.2 | 98.9 | 95.8 | 100.8 | 106.0 | 104.9 | 101.9 | 96.5 | 94.3 S1
105.5 | 109.9 | 107.8 | 105.0 | 103.8 | 100.9 | 101.5 | 105.8 | 104.4 | 102.8 | 98.5 | 96.2 S2
106.2 | 110.2 | 108.5 | 104.9 | 105.7 | 101.5 | 103.1 | 106.1 | 105.5 | 103.3 | 103.2 | 97.7 S3
108.3 | 106.1 | 102.,5 | 101.1 | 97.6 104.9 | 103.9 | 102.1 | 98,5 | 94.4 Jutall
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D =3.00 D =3.05
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Jutall Jutall iy SN
D, D, D, D, D, D, D, D, D, D,
3188 | 3100 | 3166 | 3179 | 3235 | 3262 3180 [ 3073 | 3154 ( 3150 | 3250 | 3272 So
3438 | 3405 | 3410 | 3421 | 3455 | 3500 3412 | 3360 | 3378 | 3410 | 3448 | 3465 S1
3626 | 3506 | 3548 | 3623 | 3726 | 3732 3636 | 3495 | 3537 | 3656 | 3743 | 3750 S2
3721 3572 | 3581 | 3720 | 3861 | 3870 3718 | 3545 | 3557 | 3780 | 3850 | 3875 S3.
3396 | 3426 | 3485 | 3569 | 3591 3368 | 3406 | 3499 | 3573 | 3586 Jkals
9% 5 & g dic Sgine (9,3 I3 9% 5 g tic Sgine (5,8 JaT
S =263.78 S =258.61
N.S=D N.S=D
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Juall Juall g S
D5 D4 D3 D2 D1 D5 D4 D3 D2 D1
1025 | 95.8 | 97.2 | 99.8 | 109.5 | 110.0 | 101.1 | 96.8 | 98.0 | 98.3 | 105.2 | 107.2 S,
111.1 | 105.4 | 108.9 | 111.4 | 112.6 | 117.2 | 111.2 | 102.5 | 110.0 | 110.5 | 113.0 | 120.2 S1
116.2 | 109.6 | 110.6 | 119.6 | 118.8 | 122.,5 | 1155 | 110.6 | 111.3 | 115.7 | 116.8 | 123.0 S2
122.1 | 111.8 | 113.0 | 120.2 | 125.2 | 140.4 | 120.5 | 111.0 | 115.0 | 118.8 | 122.3 | 135.1 S3
105.6 | 107.3 | 112.7 | 116.5 | 1225 105.2 | 108.6 | 110.8 | 114.3 | 121.4 Juall
9% 5 g ic Sgine (3 50 J3 9% 5 g tic Sgine (58 Ja
S=5.475 S=5.538
D =6.496 D =6.239
D xS =13.082 DxS=12.474
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219531 35 3 (%) |2 EES) 1953 S yaliated) .
aalodl aalsy) Al aalsy)
JM‘ DS D4 D3 D2 Dl JM‘ DS D4 D3 D2 Dl Q"U"SJ‘
139 | 120 | 1.31 | 1.43 | 1.46 | 1.53 | 148.0 | 193.6 | 160.5 | 140.6 | 128.0 | 117.2
141 | 123 | 1.32 | 150 | 1.50 | 1.52 | 152.6 | 196.4 | 160.4 | 149.7 | 136.8 | 119.5 S
230 | 1.80 | 2.10 | 240 | 253 | 2.67 | 265.8 | 307.4 | 288.7 | 265.2 | 238.3 | 229.3
243 | 1.85 | 234 | 250 | 2.70 | 2.78 | 281.6 | 325.0 | 318.5 | 278.5 | 253.3 | 232.7 S
255 | 212 | 233 | 254 | 2.77 | 3.00 | 308.4 | 390.9 | 324.1 | 293.9 | 269.5 | 263.7
2.68 | 2.30 | 240 | 271 | 2.90 | 3.10 | 326.9 | 420.2 | 331.7 | 324.1 | 287.1 | 271.2 52
271 | 240 | 251 | 2.68 | 2.90 | 3.05 | 342.6 | 444.0 | 360.9 | 318.4 | 2955 | 294.3
287 | 250 | 266 | 2.93 | 3.05 | 3.20 | 366.5 | 465.7 | 375.6 | 352.2 | 318.1 | 320.9 53
1.88 | 2.06 | 2.26 | 2.41 | 2.56 333.9 | 2835 | 254.5 | 232.8 | 226.1
197 | 218 | 2.41 | 254 | 2.65 351.8 | 296.5 | 276.1 | 248.8 | 236.1 L
% 5 gus aie Sgine (8 JAi saill pruga % 5 gus aie Sgine (8 JAi
0031 s 2001 4115 :
005s D 156 D
T e = T
! 05 ) 5 g gall obiaielg o 13 (3 LaghinIts g oy xS Kb} (S gunng A5kl 28l il . 10 J gl
20059 2004 yolall jlay¥i al> po ic
gl 5o 55 %6 8. A IS ) shudll jolatsl
Als| (S grluve
Al Aals) Aol Aals)
db\’-“ DS D4 D3 D2 Dl db\’-“ DS D4 D3 D2 Dl CQJ“SJ‘
033 | 032 | 032 | 033 | 0.34 | 0.34 | 35.82 | 51.62 | 39.20 | 32.44 | 29.82 | 26.04
0.33 | 033 | 032 | 0.34 | 0.34 | 0.34 | 36.64 | 52.70 | 38.88 | 33.93 | 31.00 | 26.72 S
0.34 | 034 | 033 | 034 | 0.35 | 0.35 | 40.99 | 58.07 | 45.37 | 37.57 | 33.91 | 30.06
0.35 | 033 | 0.34 | 035 | 0.36 | 0.36 | 41.43 | 57.98 | 46.27 | 38.99 | 33.77 | 30.13 51
0.35 | 034 | 0.35 | 0.36 | 0.37 | 0.37 | 44.31 | 62.69 | 48.68 | 41.65 | 36.00 | 32.52
0.35 | 034 | 0.35 | 0.36 | 0.36 | 0.37 | 44.31 | 62.12 | 48.37 | 43.06 | 35.64 | 32.37 52
0.37 | 035 | 0.36 | 0.37 | 0.38 | 0.40 | 47.55 | 64.75 | 51.77 | 43.95 | 38.72 | 38.60
0.38 | 035 | 0.36 | 0.37 | 0.39 | 0.41 | 48.46 | 65.20 | 50.83 | 44.47 | 40.67 | 41.12 53
0.34 | 0.34 | 035 | 0.36 | 0.36 60.03 | 46.25 | 38.90 | 34.61 | 31.80
0.34 | 034 | 036 | 0.36 | 0.37 59.50 | 46.08 | 40.11 | 35.27 | 32.58 s
% 5 giuws wic Sine (38 JAi sl o5 % 56 giuws wic (S gine (52 Jai
o =
G0 D o083 D
=
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2005 2004
Aals) (S giue
Al 2l Al 2l
Jaall Jaall o xS
p.| b, | D | D | D p. | b, | D | D | D
13.5 12.5 12.6 14.0 14.2 14.5 13.4 12.7 12.8 13.7 13.9 14.1 SO
13.9 12.8 13.5 14.0 14.5 14.7 13.9 13.8 13.8 13.7 14.0 14.2 S1
14.4 13.1 13.9 14.2 15.2 15.3 14.3 14.1 13.8 14.2 14.9 14.7 S2
14.6 14.1 14.2 14.3 15.3 15.4 14.2 14.0 14.1 14.2 14.9 14.8 S3
13.1 13.5 14.1 14.8 14.9 13.6 13.6 13.9 14.4 14.5 Jaals
% 5 & g tic Sgine (9,3 I3 9% 5 g tic Sgine (3,8 JaT
S =0.503 S=0.495
D =0.513 D = 0.506
D xS =0.811 DxS =0.798
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Jutall Juall i S
Ds D4 D3 Dz D1 Ds D4 D3 Dz D1
830 788 819 839 846 858 852 801 831 900 854 874 S0
867 790 829 860 918 940 878 807 847 869 928 939 S1
889 799 863 882 942 958 895 824 860 885 937 969 S2
933 851 892 930 967 | 1023 | 931 831 905 922 955 | 1043 S3
807 850 878 918 945 816 861 894 918 956 Jutall
9% 5 g ic Sgine (3 50 J4 9% 5 s g e Sgine (558 J4
S =50.788 S =51.465
D =71.583 D =73.685
D xS = 105.780 DxS = 107.347
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2005 2004 Ll 6
Al Aals)) Al Aals) e
Jotall Jutall S
D, D, D, D, D, D, D, D, D, D,
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