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ABSTRACT

Considering the environmental problems arising from chemical fertilizers usage, many
attentions has been drawn to the application of biological fertilizers in agriculture. In order to
study the effects of chemical nitrogen fertilization and biofertilizer inoculation on grain yield,
yield components and oil yield of sunflower (Helianthus annuuk.) under different rates of plant
density, a Factorial experiment based on Randomized Complete Block design was conducted in
three replications. Experimental factors were: (i). Four levels of chemical nitrogen fertilizer (O,
100, 150 and 200 kg N ha™), (ii). Two levels of biofertilizer (with and without inoculation)
containing of Azotobactersp. and Azospirillum sp. and (iii). Three levels of plant density (8, 10
and 12 plant m®). The highest plant height, stem and head diameter, number of grains per head,
1000-grains weight, grain yield, oil yield and biological yield were obtained from the highest
level of nitrogen fertilizer (200 kg N ha) and biofertilizer inoculation. Application of 150 and
200 kg N ha™* showed no significant difference in these traits. Furthermore, the highest rate of
plant density (12 plant m®) showed the maximum values of grain yield, oil yield and biological
yield that was statistically in par with 10 plant m density. The results pointed out that medium
plant density (about 10 plant m?) with moderate N rate (about 150 kg N ha™) can be beneficial
to improve growth, development and total yield of inoculated sunflower.
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INTRODUCTION

Sunflower Helianthus annuus L.) is one of the most important oil crops, beeaitsoffers
advantages in crop rotation systems, such as hugptation capability, suitability to
mechanization and low labor needs. Sunflower istkiel most widely grown oilseed in the
world after groundnut and soybean. Moreover, ithas excellent nutritional properties and has
a relatively high concentration of linoleic acid [8,19].
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Agronomic practices such as plant density are kndwraffect crop environment, which
influence the yield and yield components [2, 418]. Stand density affects plant architecture
and alters growth and development pattern. Optimpopulation levels should be maintained to
exploit maximum natural resources, such as nufrisanlight, soil moisture and to ensure
satisfactory yield. On the other hand, in ordeintcrease grain yield, density must be kept at
proper plant population [9, 17, 18]. Barros et(2D004) found that the grain yield in sunflower
increased to the maximum with increasing plant dgresd remained constant at even higher
plant density under favorable environmental cooddi Under less favorable conditions
however, the grain yield started to decline at \regh plant density.

Nitrogen (N) deficiency is frequently a major linig factor for crops production in over the
world [6, 13, 15]. The most important role of ngem in the plant is its presence in the structure
of protein and nucleic acids, which are the mogiartant building and information substances
of every cell. In addition, nitrogen is also fouimdchlorophyll that enables the plant to transfer
of energy from sunlight by photosynthesis [4, 7, 19]. Thus, nitrogen supply to the plant will
influence the amount of protein, amino acids, potaem and chlorophyll formed. Moreover, it
influences cell size, leaf area and photosynthettovity [7, 15, 16]. Therefore, adequate supply
of nitrogen is necessary to achieve high yield piod&in crops.

Increasing and extending the role of biofertilizeas reduce the need for chemical fertilizers and
decrease adverse environmental effects. They @nagkignificant role in fixing atmospheric
nitrogen and production of plant growth promotindpstances. Therefore, in the development
and implementation of sustainable agriculture tegplnes, biofertilization has great importance in
alleviating environmental pollution and deteriooatiof nature [1, 10, 14, 20]. Existence of
microbial communities liké\zotobacter and Azospirillum in the soil or rhizosphere promotes the
growth of the plant through the cycling and avallgbof nutrients, increasing the health of the
roots during the growth stage by competing witht jgethogens and increasing the absorption of
nutrients [21].

Determination of the growth and yield response wfflewer crop to N fertilization and plant
density is very important to maximize yield and mamic profitability of sunflower. Moreover,
it seems that there is little investigation on cameld effects of organic and inorganic nitrogen
fertilization in some crops such as sunflower. Ef@e, the objective of this study was to
evaluate the effects of chemical nitrogen and biiteer on grain and oil yield of sunflower
under different rates of plant density.

MATERIALS AND METHODS

The study was carried out at the Research FarmabfiZ University (Latitude 38°09N,
Longitude 46°17E and Altitude 1360 m above sea level). The clamatcharacterized by mean
annual precipitation of about 250 mm and mean dnteraperature of 10°C with annual
maximum and minimum temperature of 16.6°C and 4.286€pectively. The soil type was clay
loam with EC about 0.68 ds'mpH about 7.9 and organic matter about 0.6%.

The effects of four levels of chemical nitrogentifezer (0, 100, 150 and 200 kg N/ha), two
levels of biofertilizer (with and without inoculati) and three levels of plant density (8, 10 and
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12 plant/mi) on grain yield, yield components and oil yieldsoinflower Helianthus annuus L.)
were studied by a Factorial experiment based ord&aized Complete Block design with three
replications. Chemical nitrogen fertilizer (useduea form) in each level, divided into two equal
parts; the first part of the N was broadcasted &ydhand incorporated immediately in planting
time, second part used in 6-8 leaveg-\3 stage. Nitroxin used as a biological fertilizer
(containing ofAzotobacter sp. andAzospirillumsp.) in the amount of one liter per 30 kg of seed.
The field was prepared well before sowing by playiwice with tractor followed planking to
make a fine seed bed. Seeds of sunflower cv. Hg8uwere hand planted in four rows plots, 7
m long with spacing of 0.5 m between rows. Plotsenseparated by 1.5 m and blocks by 2.5 m
unplanted distances. Two seeds were sown perTii#. field was immediately irrigated after
planting to ensure uniform germination. After gemation, the plants were thinned to one
seedling per hill at 3-4 leaves stage. Weeds wen&ralled over the growth period with hand
hoeing. All other agronomic operations except thasder study were kept normal and uniform
for all treatments.

The plants were harvested at maturity and traitth sas plant height, stem diameter, head
diameter, number of grains per head and 1000-gna@ight were recorded on 10 randomly
selected plants in each plot. Grain and biologyald were obtained by harvesting the middle
two rows of each plot. To determine the seed odugd seed samples were assayed using an
Inframatic 8620 instrument (Perten Instruments,, Ilg that functions based on infrared
spectrometry. Analysis of variance was carriedusihg SAS computer software packages. The
comparison of means was investigated using Dunddnlsiple Range Test (DMRT) at 0.05%
probability.

RESULTS AND DISCUSSION

The effects of N fertilization, biofertilizer inotation and plant density on grain yield, yield
components and oil yield of sunflower were presgimeTables 1. The results obtained from the
variance analysis of data indicated that nitrogemilization and plant density had significant
effects on all of studied traits. Moreover, inotida with biofertilizer affected significantly
studied traits except stem diameter and 1000-graeight.

Plant height (P H): The plant height was significantly affected byrogen application,
biofertilizer inoculation and plant density (Taldlg The highest plant height were observed in
the maximum rate of nitrogen application (200 kddy/that not differed significantly with 150
kg N/ha. The minimum plant height recorded in cohtApplication of 200 kg N/ha increased
plant height by 14.50%, compared to control (TableMoreover, inoculated plants had more
height than non-inoculated plants. Inoculation whilbfertilizer increased plant height about
5.70% than non-inoculated plants. These resulténdiee with the findings of other researchers
[4, 10, 16, 17]. Increasing of plant density sigrahtly increased the plant height (Table 1). The
highest rate of plant density (12 planfjnincreased plant height by 9.91% compared to the
lowest level of plant density (8 planfnTaller plants at higher densities may be du@ter
plant competition for light and aerial resourcesegmrted by Barros et al. (2004) that probably
related to hormonal changes in plant tissues.
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Tablel. Effects of chemical nitrogen fertilization biofertilizer inoculation and plant density on yidd and it's
components in sunflower Kelianthusannuus L.)

Treatments PH SD HD N G 1000-G W GY ovY BY
(cm) (mm) (cm) (per head) (9) (kg/ha) (kg/ha) (kg/ha)

Nitrogen rates (kg/ha)
N 164.61c 24.18c 16.07c 619.73c 41.15¢ 2696.55c 1125.80c 8094.23%
N 10c 179.04b 27.51b  19.38b 667.26b 48.73b  3164.17b 1296.36b 8837.0%
N 15c 188.87a 29.63a 21.73a 693.48a 50.86ab  3442.62a 1361.21a 9521.35a
N 20c 192.53a 30.47a 22.69a 707.32a 53.11a 3537.4%9 1374.66a 9753.62a
Biofertilizer
B nor 175.94b 27.51a 18.86b 651.68b 47.92a  3047.83b 1215.60b 8665.94b
B with 186.58a 28.37a  21.07a 692.21a 49.01a 3372.57a 1363.41a 9437.21a
Density (plant/m?)
Dg 171.41c 29.89a 21.97a 695.54a 50.32a  2908.150 1160.42b 8097.41b
D 10 182.12b 27.78b  19.72b 673.82b  47.98ab  3319.97a 1334.61a 9392.58a
D1 190.25a 26.16c  18.21c 646.47c 47.09b 3402.4%9 1373.48a 9664.73a
Mean 181.26  27.94 19.96 671.94 48.46 3210.20 1289.50 9051.57
Nitrogen (N) ** *% *% ** ** ** ** **
Biofertilizer (B) * ns * *x ns * *x *x
Density (D) ** * ** ** * ** ** **
N x B ns ns ns ns ns ns ns ns
N x D ns ns ns ns ns ns ns ns
BxD ns ns ns ns ns ns ns ns
CV (%) 7.86 6.33 8.54 7.12 9.28 8.67 10.01 9.46

- P H: Plant Height, SD: Sem Diameter, H D: Head Diameter, N G: Number of Grains, 1000-G W: 1000 Grains
Weight, G Y: Grain Yield, O Y: Qil Yield, B Y: Biological Yield- Mean values followed by same lettersin each
column and treatment showed no significant difference by DMRT (P = 0.05). - *, ** and ns showed significant

differences at 0.05, 0.01 probability levels and no significant, respectively.

Stem diameter (S D) and Head diameter (H D)Stem and head diameter increased with
increasing of nitrogen application rate. Increasmfignitrogen fertilizer from 0 to 200 kg N/ha
increased the stem and head diameter by 20.64 @id%, respectively. The lowest and the
highest values of these traits recorded in 0 arftdkg0ON/ha, respectively (Table 1). Killi (2004)
and Soleimanzadeh et al. (2010) reported samesasigunflower. Inoculation with biofertilizer
showed no significant effects on stem diameter batl statistically significant effects on head
diameter. The plants that treated with biofertilizBowed about 10.48% more head diameter
than non-inoculated plants (Table 1). Moreover,tfaimum values of stem and head diameter
recorded in the lowest rate of plant density. Thghést plant density (12 plantjndecreased
stem and head diameter about 12.47 and 17.11%cteahe compared to 8 plant/ndensity
(Table 1). These results demonstrated that inerggdant density resulted in a decrease in stem
and head diameter, probably caused by competiboravailable space, as has been observed
previously [2, 5, 11].

Number of grains per head (N G): Variance analysis of data indicated that nitrogen
fertilization, biofertilizer inoculation and plardensity had statistically significant effects on
number of grains per head (Table 1). The highesthau of grains per head recorded in 200 kg
N/ha application that, showed no significant digigce with 150 kg N/ha. The least number of
this trait obtained from control. Application of @&kg N/ha increased the number of grains per
head about 12.38% compared to control in each latile 1). Similar trends were reported by
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Elfadl et al. (2009) and Namvar and Seyed Sha@éifd1(). Biofertilizer inoculation had
statistically more number of grains per head tham-inoculated plants. Inoculation with
biofertilizer increased this trait by 5.85% comphte plants that no treated with inoculum
(Table 1). Vessey (2003) reported thastotobacter and Azospirillum increase the available
nitrogen in the soil which could enhance the graimber. Furthermore, the highest number of
grains per head observed in the minimum rate aftplensity (8 plant/A). This rate of density
showed about 7.06% more number of grains per heau the 12 plant/mdensity (Table 1).
More number of grains per head got an advantatggér head size [5, 9].

1000-grains weight: 1000-grains weight was affected significantly byragen fertilizer and
plant density while, inoculation with biofertilizeshowed no significant effects on this trait
(Table 1). Increasing of nitrogen application ratereased significantly the weight of 1000-
grains in sunflower. The highest 1000-grains werglcbrded in the application of 200 kg N/ha
while the lowest values of this trait obtained frtme no fertilized plants. Application of 200 kg
N/ha increased the 1000-grains weight by 22.51%pewed to control (Table 1). Moreover, the
maximum 1000-grains weight recorded in the lowesel of plant density (8 plantfn The
density of 12 plant/mdecreased 1000-grains weight about 6.41% comparéue 8 plant/rh
(Table 1). Increasing 1000-grains weight was aited to bold grains as a result of more
nutrition at low densities. These results are icoatance with the works of Dordas and Sioulas
(2008), Massignam et al. (2009) and Dong et al1220

Grain yield (G Y) and oil yield (O Y): Data presented in table 1 showed that all of studie
experimental factors (Nitrogen fertilizer, biofé#er inoculation and plant density) had
significant effects on grain and oil yield of swoMler. Grain and oil yield continuously increased
with increasing of N application however, thesetsraf sunflower increased until 150 kg N/ha
and further increase in N rate resulted in no $iggmt grain yield increase. The highest rate of
nitrogen fertilizer (200 kg N/ha) showed the greatgrain and oil yield, however this rate of
nitrogen fertilizer was statistically in par witkh@ kg N/ha (Table 1). Application of 200 kg N/ha
increased grain and oil yield per unit of area ByrZ and 18.11% respectively, compared to the
least application of nitrogen fertilizer (contro8cheiner et al. (2002) investigated the nitrogen
requirements of sunflower and found that nitrogenilfzation increased the seed yield by 17%.
Moreover, inoculated plants indicated more graid aihyield rather than non-inoculated plants.
Biofertilizer inoculation increased grain and oield about 9.62 and 10.84% than control,
respectively (Table 1). Similar results reportedwtthe effects of nitrogen fertilizer [7, 12, 15,
19] and biofertilizer [1, 10, 14, 20] on grain amitlyield of different crop plants. The increase in
the yield components, grain and oil yield in thedualated plants could be attributable to the
exudation of plant growth regulators (PGRs), sushaaxins and gibberellin and cytokinin by
Azotobacter and Azospirillum [14, 21]. Jalilian et al. (2012) showed that thaimy yield of
sunflower improved when sunflower plants were grawth a combination of chemical N and
biofertilizer. Furthermore, the highest level o&pi density (12 plant/fjn showed the maximum
grain and oil yield that not differed significanthith the density of 10 plant/mThe maximum
rate of density increased grain and oil yield by5B4and 15.51% respectively, compared to 8
plant/nf density (Table 1). Previous studies were justifteese results in various crops [2, 3, 6,
12, 18].
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Biological yield (B Y): Biological yield of sunflower also showed the satmend as grain and
oil yield. As shown in Table 1, the highest biomagdained from the application of 200 kg
N/ha, however there was no significant differencemag the application of 150 and 200 kg N/ha
in biological yield. Usage of 200 kg N/ha increaslee biological yield by 17.02%, compared to
control. Massignam et al. (2009) noted that deeréasiomass production with decreasing N
supply was associated with decreases in both radiaiterception and radiation use efficiency
(RUE). Nitrogen is known to be an essential nutrifem plant growth and development that
involved in vital plant function such as photosyggis, DNA synthesis, protein formation and
respiration [4, 8, 9, 16, 19]. The growth parametasuch as LAI, biomass, and leaf
photosynthesis significantly decreased due to igfaatory N availability [15, 16]. Results
obtained from this study indicated that usage démllization had positive effects on sunflower
yield and its attributes. Adding N increases thedpction of total dry matter in plants [17, 20]
which can increase the potential of plant to predoore plant height, stem and head diameter,
grains number and weight that ultimately resultechigh grain and biological yield. Nitrogen
fertilization increases the total dry matter fomrher of reasons: (i). Nitrogen can increase the
LAI in plants [4, 7, 16]. More LAI increases thetanception of solar radiation by plants that
resulted in the more accumulation in plants [16]. Nitrogen can increase the photosynthesis
rate in plants. Increasing photosynthetic rate \Wtfertilization can be attributed to increasing
amount of chlorophyll pigments, since N is oneha thain components of chlorophyll [15, 19].
In contrast, supplementation of adequate nitrogencfops can increase their growth and
development. In this condition, plants are abl@rmduce more yield components that result in
more grain yield.

Moreover, sunflower plants that treated with bitheer had the more biomass than plants that
no treated with this inoculum. Inoculation with fadilizer increased the biological yield about
8.17% compared to control (Table 1). The observedebts on sunflower by biofertilizer
inoculation seem to be due to the supply of N ®oc¢top [1, 14]. Moreover, growth promoting
substances (phytohormones) produced by these erganiPhytohormones as secondary
metabolites are known to play a key role in plamwgh regulation. They promote seed
germination, root elongation and stimulation of flepansion. In addition, great root
development and proliferation of plants in respawskiofertilizer activities i.eAzotobacter and
Azospirillum enhance water and nutrient uptake [1, 20, 21].

Furthermore, the highest rate of plant density flght/nf) had the maximum magnitude of
biological yield. This rate of plant density waatgtically in par with the 10 plant/ndensity in
biomass production. The highest level of plant dgnscreased biological yield about 16.22%
than the least level of plant density (Table 1)y Dratter production of crops depends on the
amount of intercepting solar radiation and its @sion to chemical energy. When plant density
is too high, it encourage inter plants competitfon resources. Then crop net photosynthesis
process will be affected due to less light penigtnain the crop canopy as well as increase in the
competition for available nutrient which will affegrain and biological yield. On the other hand,
application of optimum plant density helps for gireper utilization of solar radiation [5, 9, 18].
Seyed Sharifi and Raei (2011) stated that leaf sr@éex (LAI) and leaves architecture are two
main characteristics that define light interceptiorthe canopy. Plant population modifies the
canopy structure and influence light interceptidty, matter production and crop yield.
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CONCLUSION

In summary, results obtained from this study clearidicated that: chemical nitrogen
application, biofertilizer inoculation and plantrdgty had significant effects on grain yield, yield
components and oil yield of sunflowdddianthus annuus L.) except the effects of biofertilizer
inoculation on stem diameter and 1000-grains weighe highest values of plant height, stem
and head diameter, number of grains per head, greid, oil yield and biological yield were
obtained from the highest level of nitrogen fezsli (200 kg N hd) and biofertilizer inoculation.
Application of 150 kg N H& was statistically in par with 200 kg N han all of these traits.
Furthermore, the highest rate of plant density gleht m?) showed the maximum values of
grain yield, oil yield and biological yield that ndiffered significantly with 10 plant fhdensity.
The results pointed out that medium plant densityo(t 10 plant /) with moderate N rate
(about 150 kg N HY can be beneficial to improve growth, developmant total yield of
inoculated sunflower.
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