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Abstract:
A field experiment was conducted for two consecutive seasons 2008-2009,
2009-2010 at AL-Quba location in the west north region of Mosul city at
Nineveh region to study the effect of planting density on the performance of two
sunflower cultivars; namely, Mehran and Sunbred. The plants were sown at four
planting densities: 41666, 47619, 55555 and 66666 plants.ha-1, respectively. The
data were statistic analyzed by using factorial experiments in randomized
complete block design with three replications. The results indicated that the stem
diameter, leaf area, head diameter, number of seeds per head, weight of thousand
seed, hulls, fertility percent, harvest index and seed yield per plant, oil and
protein content of the seeds decreased with increasing plant density. Increasing
plant density cases significantly increase in seed yield per unit area and oil,
protein yield. The differences between the two cultivars cultivation were
significant in all the studied characters, except protein yield in 2008-2009
season, protein content of the seeds in 2009-2010 season. The higher seed yield
of Mehran cultivar was associated with higher flower disc diameter and greater
number of seeds per flower disc. Based on what has been presented in this study,
could be concluded that the plant density of approximately 66666 plants.ha-1 is
the optimum for sunflower crop cultivation, and Mehran cultivar proved be more
promising than Sunbred cultivar.
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Introduction:
Sunflower (Helianthus annuus L.) is probably the most ancient oil seed
crop known and used by human. Both Peru and Mexico have been proposed as
centers of origin. The seed contains 40 to 50% semidrying oil and 20% to 25%
protein (Mohamed et al.,1992 and Sangoi and Kruse, 1993). Basically,
sunflower is a crop of the warm regions of the tropics and subtropics. It has high
temperature and light requirements, and is sensitive to low temperatures. High
population density has been used for improving seed yield under this type of
farming system. Previous research indicated that sunflower cultivars are highly
variable in their response to planting density (Getmanets et al., 1991). Numerous
research studies for different climates have shown that plant density influences
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the growth, seed yield and quality of sunflower (Harmati, 1992; Patil et al., 1992
and Oyinlola, 2007). Studies by Tenebe et al., (1996) showed that as plant
density was increased head diameter, number of seeds per head and 1000 seed
weight decreased while seed yield increased. Oyinlola, (2007) and Kene et al.,
(1992) also suggested that increased plant density resulted in a significant
increase in seed yield. Similarly, Killi and Ozdemir (2001) reported that denser
sowings (71.000 to 100.000 plant per ha-1) resulted in higher (30%) yields in
hybrid sunflower than lower plant densities (41.000 to 57.000 plant.ha-1).
Chavan et al., (1990) reported that as plant populations were increased, seed oil
content increased. The current study attempted to evaluate the yield performance
of two sunflower cultivars under three planting densities.

Materials and Methods:
A field experiment was conducted, during the spring of 2008-2009 and
2009-2010 seasons, at AL-Quba in the west north region of Mosul city at
Nineveh region (latitude 36°19' north; longitude 43°90' east and altitude 220
meters above sea level). The climate of the locality is semiarid with hot summer
and rainy cool winter. The rainy season extends from October to April with
peak monthly rainfall in November (F.S.M.C., 2010). The mean annual rainfall
is around 375 mm. The soil of the experimental site (table 1), was determined by
using the methods description by Black (1965), Jackson (1973), Page et al.,
(1982) and Tandon (1999). The land experiment was irrigated and then plowed
by using disc plow and harrowing.
Table -1The physical and chemical characters of soil filed experiments in both seasons.
Seasons

2008-2009
physical characters
Sand (%)
66.00
Silt (%)
23.00
Clay (%)
11.00
Texture
Sandy Loom
chemical characters
O.M. (mg.kg-1)
0.72
Available N (ppm)
30.44
Available P (ppm)
11.00
Available K (ppm)
166.00
-1
Total CaCo3 (mg.kg )
29.00
pH
7.20
E.C. mmhos cm
0.92

2009-2010
62.00
31.00
7.00
Sandy Loom
0.84
31.86
10.22
164.00
24.00
7.60
0.72

Two sunflower cultivars; namely, Mehran and Sunbred were sown at four
planting densities: 41666, 47619, 55555 and 66666 plants.ha-1. The treatments
were arranged by using the factorial experiments in randomized complete block
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design with three replicates. Each plot consisted of 6 ridges, 4 m in length with
80, 70, 60 and 50 cm in width between ridges and the distance between hills was
30 cm apart to attain a plant density as above, respectively. Sowing was done
manually on the shoulder of the ridge in first and mid of April in the first and
second seasons respectively. The required plant densities were achieved by
thinning the plants to one seedling per hole, after two weeks from sowing. Super
phosphate 140 kg per hectar (45%P2O5) and potassium (48%K2O) were applied
(40 kg per hector) to the soil during the sowing period, nitrogen fertilizer, in the
form of urea, was applied to all experimental plots at a rate of 80 kg N. hector, in
two equal doses, half with sowing and the remaining half after thinning. The
crop was irrigated twelve times during the season. Data were collected on some
growth (plant height (cm), stem diameter, leaf area, and head diameter), yield
components (number of seeds per head, weight of thousand seed, hulls, fertility,
harvest index, biological yield), seed yield per plant and total seed yield per
hectar-1. In addition, oil content and oil yield (ton. hectar-1) was also determined
by the soxholet apparatus (A.O.A.C., 1980), and seed nitrogen concentration
was measured by microkjeldahl method, then, protein percentage was calculated
by multiplying the nitrogen percentage by the converting factor 6.25 (Agrawal et
al.,
). Statistical analysis was carried out using SAS statistical program
(SAS, 2001), means were compared using Duncan s multiple range test at 1 and
5% probability level (Duncan, 1955).

Results and Discussion:
1- Plant density effect:
Results of statistical analysis showed that plant density significantly
affected all studied characters in 2008-2009 and 2009-2010 seasons, except seed
yield (gm.plant-1) in only 2008-2009 season (tables 6,7). Stem diameter (2.8, 3.4
cm), leaf area (4172.06, 3660.7cm2.plant), head diameter (23.40,23.72 cm),
number of seeds.head-1 (1296.51, 1193.67), weight of thousand seed (72.61,
70.38 gm), hulls (52.53, 48.99%), fertility (82.84, 83.74%), harvest index
(22.31, 23.01%), oil (42.27, 40.54%) and protein (14.56, 13.68%), were
significantly increased as plant density decreased from 66666 to 41666 plant.ha-1
in the two growing seasons respectively (table 2). At low density, plants grew as
isolated units for most of their early life and interfered less with each other than
at higher densities 66666 plant.ha-1. This might explain the highly significant
effects of plant density on seed yield per plant and seed yield per unit area
obtained in this study. For example, increasing plant density up to 66666
plant.ha-1 significantly decreased seed yield per plant (table 2). This was
primarily due to the reduction in the both number of seeds.head-1 and weight of
thousand seed at higher plant population. In two growing seasons, plant height
(137.51, 135.18cm), total seed yield (3.78, 4.18 ton.ha-1) and oil yield (1.34, 1.48
ton.ha-1), protein yield (0.456, 0.470 ton.ha-1) increased with increasing the plant
density up to 66666 plant.ha-1, then decreases towards decreased the plant
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density. These results are true in the two growing seasons. Taller plants at high
density may be due to inter plant competition for light and aerial resources.
Similar results were obtained by Sedghi et al., (2008) who found maximum total
seed yield, oil and protein yield in dense plant population. On the contrary,
Tenebe et al., (1996) reported that oil and protein yield tends to decrease with
increasing plant density. Increasing plant density increased the biological yield
(gm.plant-1), particularly during the vegetative phase (table 2). These results are
in agreement with the previous findings reported by Tenebe et al., (1996). They
showed that dry matter accumulation varied with population density, and the rate
of increase was higher during the vegetative period. However, Killi and Ozdemir
(2001) attributed the increase in biological yield production per unit of ground
area may be due to the daily amount of photosynthetic ally active radiation
which is intercepted the crop.
2- Cultivars effect:
Mehran cultivar had more plant height (129.63, 126.96cm), stem diameter
(2.52, 3.09 cm), leaf area (3863.33, 3452.99 cm2.plant-1), head diameter (22.76,
22.51cm), number of seeds.head-1 (1220.5, 1126.4), weight of thousand seed
(73.98, 74.05), hulls (51.17, 48.90), fertility (81.06, 80.31%), biological yield
(330.84, 321.36 gm.plant-1), seed yield (67.1, 66.9 gm.plant-1), total seed yield
(3.52, 3.54 ton.ha-1), harvest index (20.45, 21.08%) than Sunbred cultivar in the
first and second seasons, respectively (table 3). Differences in seed yield
between sunflower cultivars are attributed to differences in morphological
characters and yield components (Mohamed et al., 1992). In this respect, seeds
of Mehran cultivar had more oil (40.21, 38.99%) and less protein (12.38,
12.37%) than those of Sunbred cultivar. Reports by Sangoi and Kruse, (1993);
Villalobos et al., (1994); Ibrahim et al., (2003); Luan, (2006); Zehra et al.,
(2007); Al-Doori and Hasan, (2012) and Al-Doori and Al-Dulaimy, (2012)
showed that there is considerable variability in oil and protein contents among
sunflower cultivars.
3- Interaction effect between plant density and cultivars:
Mean values of interaction between plant density and cultivars are
presented in tables (6,7). The interaction between the studying factors showed
significant effects on plant height, no. of seeds per head and 1000 seed weight in
only 2008-2009 season, biological yield (gm.plant-1), seed yield (gm.plant-1),
total yield (ton.ha-1) and oil yield (ton.ha-1) in only 2009-2010 season (tables 4,
5). Mehran cultivar reflected the greatest response to plant density at 66666
plants.hectar-1 for seed yield (69.75 gm.plant-1), total yield (4.65 ton per ha-1)
and oil yield (1.70 ton.ha-1) in only 2009-2010 season, with this regard,
Mariayesa et al., (2007) and Sedghi et al., (2008) found that high plant density
produced higher oil yield. The interaction between the plant density and
cultivars for the other investigated traits were not statistically significant in both
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seasons, therefore the data were not discus. The insignificant effect between
plant density and cultivars on other characteristic showed that each of these two
factors acted independently on these traits.
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