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ABSTRACT

To investigate the effect of different cultivation arrangements and levels of nitrogen on the yield, yield
components and fatty acids profile of sunflower, this study was conducted as a split plot experiment in a
randomized complete block design with three replications in 2021. Spatial arrangement in five levels
(normal rectangle, wide rectangle, square, triangular, and mixed cultivation systems) as the main plots and
the levels of nitrogen chemical fertilizer (urea) in three levels (application of 100%, 75%, and 50% of urea
fertilizer requirement) were placed in sub-plots. The maximum dry weight of leaves and stems was obtained
in the triangular planting arrangement at all three levels of nitrogen application. So that the triangular
planting arrangement had a 30% increase in dry weight of leaves and stems compared to the wide
rectangular planting arrangement. The normal rectangular cultivation treatment with 100% nitrogen
application had the highest amount of palmitic acid fatty acid, and the mixed and triangular cultivation
treatment with 50% nitrogen application had the highest percentage of stearic acid and oleic acid,
respectively. While, the wide rectangular cultivation treatment with 75% nitrogen application had the
highest linoleic acid compared to other treatments. In addition, the results showed that the yield, and yield
components in the triangular system were more than the other investigated systems, so that by reducing the
nitrogen consumption by 50% in this cultivation system, the yield did not have any significant difference
with 100% urea application. Therefore, using the spatial arrangement of triangular cultivation is introduced
as the best cultivation system for sunflower.

Keywords: Crop management, spatial arrangement of cultivation, sunflower, sustainable agriculture, urea.
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Figure 1. Schematic characteristics of different patterns of spatial arrangement (a: wide rectangle,
b: normal rectangle, c: triangular d: square, and e: mixed)
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Table 1. Farm soil physicochemical properties
Depth Cla Silt  Sand Organic Organic
P Y Soil texture ~ pH . N P L K L ca?bon mgtte,-
(cm) %) (%) (%) @Sm%) (%)  (mgkg?) (mg kg™) (%) %)
0-30 22 39 39 loam 8.04 0.05 2.1 279 051 0.88
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Table 2. Characteristics of different patterns of spatial arrangement

Spatial arrangement

Distance between rows (cm) Distance on the row (cm)

Number of plants in each

patterns experimental plot
Normal rectangle 55 30 170
Wide rectangle 70 25 168
Square 41 41 169
Triangular 41 41 168
Mixed Variable Variable 170
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Table 3. Analysis of variance for some sunflower traits as affected by fertilizer and spatial arrangement.

S.0v d.f Mean squares
Leaf dry weight Stem dry weight Head dry weight
Block 2 38.71™ 39.29™ 0.000007"
Spatial arrangement (S) 4 7354** 7466** 0.0015**
Main error 8 27.10 27.53 0.0000
Fertilizer requirement (F) 2 1.16™ 1.18™ 0.0016**
SxF 8 56.41** 52.27** 0.00002™
Error 20 7.56 7.68 0.00001
C.V. (%) - 1.24 1.24 3.14

Al oo doy0 SO Jloisl mdas j8 39l Se 5 (55l g pae LS s Sy **

ns and ** mean non-significant and significant at 1% probability level, respectively.
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Table 4. Mean comparison of some sunflower traits as affected by fertilizer and spatial arrangement.

Treatments Leaf dry weight Stem dry weight
Spatial arrangement Fertilizer requirement (%) (g plant?) (g plant?)
100 212+1.06ef 214+1.06fg
Normal rectangle 75 208+1.40fg 210£1.41gh
50 214+1.59¢ 216+1.60ef
100 187+0.96h 188+0.97i
Wide rectangle 75 184+1.66h 186+1.67i
50 184+0.48h 185+0.48i
100 244+0.55b 246+0.55b
Square 75 240+0.95b 242+0.96b
50 235+1.65¢ 237+1.67c
100 259+2.21a 261+2.23a
Triangular 75 260+0.61a 262+0.62a
50 259+1.06a 261+1.07a
100 207+2.00g 208+2.02h
Mixed 75 217+6.54de 218+6.59de
50 219+2.77d 221+2.79d

A2 gl lid o )0 S Jletiz ] mhaw 1o 1) (gl cire gldd g 12 10 S e By o sl sla Sl
Means with the same letters in each column are not significantly different at the 1 % probability level.
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Figure 2. Main effects of cultivation spatial patterns (a) and fertilizer amounts (b) on head dry weight in
sunflower.



w0310 ,S0LET Gy slaanl oS 5 g 0,8dee glil 0 Shae Sy 1], San g 00l o

ch w0 G, KsT ails o Slae 5 il a5
O Jgaz) casls a0 S Jlas

YoF

415 8 Shos 9 4515 13 39 ( Fub 10 41D dlud
Jelge S oo 45 olo (L Guibyly 2325 Jgu

(b yo ails olasi (g5, (5l 3B (g 2 0 50

il Gaalyl 5 058 8l o ol ST Slio 51 (S elyly 425 0 3oz
Table 5. Analysis of variance for yield, and yield components affected by fertilizer and spatial arrangement.

S.0.vV d.f Mean squares
Number of grains per head 1000 grain weight Grain yield
Block 2 412 11.08™ 31195™
Spatial arrangement (S) 4 80535** 2072** 5925802**
Main error 8 300 8.14 21849
Fertilizer requirement (F) 2 12.07™ 0.42" 932m
SxF 8 610** 14.73** 45465**
Error 20 81.18 2.27 6093
C.V. (%) - 1.23 1.27 1.24

Al ge doys S Jloisl mhaw )8 0518 gae 5 (518 gire pae Slid o 4y *

* 4ns

ns, and ** mean non-significant and significant at 1% probability level, respectively.
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Table 6. Mean comparison of yield, and yield components affected by fertilizer and spatial

arrangement.
Treatments Number of 1000 grain weight Grain yield
grains per head

Spatial arrangement Fertilizer requirement (%) (9) (kg ha™)
100 701+4fg 112.7+0.67ef 6015+30fg
Normal rectangle 75 689+4gh 111.0+0.58f 5910+40gh
50 707+5ef 114.0+1.00de 6075+45ef

100 617+3i 99.3+0.33g 5295+27i

Wide rectangle 75 609+5i 98.0+1.15g 5227+47i

50 607+2i 97.740.33g 5213+14i

100 807+2b 129.7+0.33b 6932+16b

Square 75 793+3b 127.7+0.33b 6807+27b

50 777+6¢C 125.0+1.00c 6666+47c

100 856x7a 137.7+1.20a 7346+63a

Triangular 75 860+2a 138.3+0.33a 7381+17a

50 858+3a 138.0+0.58a 7363+30a

100 684+7h 110.3+1.20f 5871+57h
Mixed 75 717+22de 115.3+3.38de 6155+186de

50 723+9d 116.7+1.67d 6218+79d
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Means with the same letters in each column are not significantly different at the 1 % probability level.
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Table 7. Analysis of variance for sunflower fatty acids profile affected by fertilizer and spatial arrangement.

S.0.v d.f Mean squares
Palmitic acid Stearic acid Oleic acid Linoleic acid
Block 2 0.48** 0.15** 4.95%* 20.09**
Spatial arrangement (S) 4 7.74%* 0.25** 29.03** 39.29**
Main error 8 0.001 0.0001 0.002 0.009
Fertilizer requirement (F) 2 44.61** 0.08** 58.84** 6.11%*
SxF 8 14.42** 0.32** 24.49** 32.41**
Error 20 0.003 0.00004 0.002 0.006
C.V. (%) - 0.57 0.15 0.13 0.18

** means significant at 1% probability level.
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Table 8. Mean comparison of sunflower fatty acids profile affected by fertilizer and spatial arrangement.

Treatments Palmitic acid Stearic acid Oleic acid Linoleic acid
Spatial arrangement  Fertilizer requirement (%) (%) (%) (%) (%)
100 12.45+0.14a 4.30+0.069 37.15+0.32h 41.84+0.63h
Normal rectangle 75 10.75+0.12c 4.21+0.06h 39.89+0.35e 40.38+0.61j
50 6.00+0.07i 4.20+0.06h 40.39+0.35d 46.64+0.70d
100 10.71+0.12¢ 4.52+0.06¢ 35.48+0.311 46.52+0.70d
Wide rectangle 75 5.89+0.07j 3.83+0.05m 36.36+0.32i 51.37+0.77a
50 9.63+0.11g 3.96£0.05k  35.19+0.31m 45.79+0.69¢
100 11.19+0.13b 4.21+0.06h 36.16+0.31j 45.76+0.69¢
Square 75 5.62+0.06k 4.15+0.06j 41.79+0.36¢ 40.13+0.60k
50 6.11+0.07h 4.40+0.06e 43.05+0.38b 41.97+0.63h
100 10.10+0.12¢ 4.55+0.06b 33.5740.29n 48.08+0.72b
Triangular 75 10.76+0.12c 4.38+0.06f 37.68+0.33g 44.13+0.66f
50 5.96+0.07ij 3.91+0.05I 44.95+0.39%a 41.66+0.62i
100 9.87+0.12f 4.18+0.06i 37.76+0.33¢g 42.94+0.65g
Mixed 75 10.53+0.12d 4.4610.06d 38.49+0.33f 42.96+0.65g
50 9.57+0.11g 5.03+0.07a 35.64+0.31k 47.40+0.71c
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Means with the same letters in each column are not significantly different at the 1 % probability level.
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Table 9. Analysis of variance for sunflower important, saturated, and saturated fatty acids profile affected
by fertilizer and spatial arrangement.

Mean squares

sov df Total impo_rtant Saturat_ed fatty Unsaturz?ted a(?i?jts%?\g:lj?;z d

fatty acids acids fatty acids fatty acids

Block 2 60.60** 19.17** 44.86** 0.000001**
Spatial arrangement (S) 4 4.30** 9.43** 5.57** 0.0016**
Main error 8 0.003 0.001 0.003 0.000001
Fertilizer requirement (F) 2 2.64** 46.56** 45.71** 0.0088**
SxF 8 9.95** 16.50** 2.96** 0.0034**
Error 20 0.003 0.003 0.005 0.000001

C.V. (%) - 0.06 041 0.08 0.01

** means significant at 1% probability level.
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Table 10. Mean comparison of sunflower important, saturated, and saturated fatty acids profile affected
by fertilizer and spatial arrangement.

Total important Saturated Unsaturated S_aturated fatty
Treatments - ) . acids/unsaturated
fatty acids fatty acids fatty acids f -
atty acids
Spatial arrangement Fertilizer requirement (%) (%) (%) (%)
100 95.7+1.1g 16.75+0.2a 79.0£1.0m 0.21+0.0a
Normal rectangle 75 95.2+1.1i 14.96+0.2d 80.3+1.01 0.19+0.0b
50 97.2+1.2c 10.20+0.1i 87.0+1.0b 0.12+0.0e
100 97.2+1.2c 15.23+0.2¢ 82.0+£1.0f 0.19+0.0b
Wide rectangle 75 97.6+1.2b 9.72+0.1k 87.7x1.0a 0.11+0.0f
50 94.5+1.2k 13.59+0.2¢g 81.0+1.0j 0.17+0.0d
100 97.3+1.2c 15.40+0.2b 81.9+1.0fg 0.19+0.0b
Square 75 91.7+1.11 9.7740.1k 81.9+1.0fg 0.12+0.0e
50 95.5+1.1h 10.51+0.1h 85.0+1.0d 0.12+0.0e
100 96.3+1.2f 14.65+0.2e 81.7+1.0h 0.18+0.0c
Triangular 75 97.0+1.2d 15.14+0.2c 81.9+1.0g 0.19+0.0b
50 96.5+1.1e 9.87+0.1j 86.6+1.0c 0.11+0.0f
100 94.8+1.1j 14.05+0.2f 80.7+1.0k 0.17+0.0d
Mixed 75 96.4+1.2e 14.99+0.2d 81.5+1.0i 0.18+0.0c
50 97.6+1.2a 14.60+0.2¢ 83.0+1.0e 0.18+0.0c
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Means with the same letters in each column are not significantly different at the 1 % probability level.
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Table 11. Correlation coefficients between studied traits.
Traits A B C D E F G H | J K L M N
A 1.00
B 0.99** 1.00
C 0.80** 0.80** 1.00
D 0.99** 0.99** 0.80** 1.00
E 0.99** 0.99** 0.80** 0.99** 1.00
F 0.99** 0.99** 0.80** 0.99** 0.99** 1.00
G -0.08 -0.09 0.18 -0.09 -0.09 -0.09 1.00
H 0.17 0.17 0.21 0.16 0.17 0.16 0.40 1.00
I 0.33 0.34 0.02 0.34 0.34 0.34 -0.63* -0.34 1.00
J -0.30 -0.30 -0.13 -0.31 -0.31 -0.30 -0.05 0.09 -0.66** 1.00
K -0.03 -0.03 0.10 -0.03 -0.03 -0.03 0.21 0.29 -0.32 0.63* 1.00
L -0.06 -0.07 0.19 -0.07 -0.07 -0.07 0.99** 0.50 -0.64* -0.04 0.23 1.00
M 0.04 0.05 -0.13 0.04 0.05 0.05 -0.82** -0.30 0.41 0.41 0.37 -0.82** 1.00
N -0.08 -0.08 0.17 -0.08 -0.08 -0.08 0.99** 0.49 -0.64* -0.05 0.18 0.99** 0.99** 1.00
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A: Leaf dry weight, B: Stem dry weight, C: Head dry weight, D: Number of grains per head, E: 1000 grain weight, F: Grain yield, G:
Palmitic acid, H: Stearic acid, I: Oleic acid, J: Linoleic acid, K: Total important fatty acids, L: Saturated fatty acids, M: Unsaturated

fatty acids, N: Saturated fatty acids/unsaturated fatty acids. * and ** indicate significant correlation 5% and 1% probability levels,
respectively.
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