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ABSTRACT

N fertilization has a substantial influence on sunflower (Helianthus annuus L.) seed yield and quality. It was also well
established that high-yielding sunflower hybrids had more N requirement than old cultivars such as open-pollina-
ted ones. However, in Turkey, no sufficient information regarding the response of new developed oilseed sunflower
hybrids to nitrogen fertilization under irrigated conditions. Therefore, a 2-year study was conducted to determine
the effects of nitrogen application rates on the growth, yield, and yield components of two oilseed sunflower hybrids
(AS-508 and Super 25) under irrigated conditions. In this study, all plant parameters were significantly influenced by
applied nitrogen fertilizer rates. Yield response to nitrogen rates was positive and linear. Our research data indicated

that under irrigated conditions N rate of 120 kg/ha was adequate for sunflower production in this region.
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Sunflower (Helianthus annuus L.) is the most
important oilseed crop in Turkey. Although sun-
flower production has mainly been performed in
Marmara region under non-irrigated conditions,
the crop is well adapted to the different climatic
zones in Turkey, including eastern Anatolia, where
the climate is characterized with a short growing
season, cool temperatures and semiarid climate
conditions. The sunflower is the only oilseed crop
grown commercially in this region. But nearly all
sunflower cultivars grown in the region consisted
of non-oilseed types. Recently, there has been an
interest in oilseed sunflower production, but no
information concerning oilseed sunflower man-
agement practices including N fertilization was
available for this region.

Numerous studies have investigated the effects
of N fertilization on sunflower in the various parts
of the world (Hussein et al. 1980, Blamey and
Chapman 1981, Kandil 1984, Narwal and Malik
1985, Khokani et al. 1993, Legha and Giri 1999,
Tomar et al. 1999, Zubillaga et al. 2002). Nitrogen is
commonly a limiting factor in sunflower production
(Zubriski and Zimmerman 1974, Robinson 1978).
Managing N fertilization is of particular importance
because many environmental and production fac-
tors influence sunflower N demand. Nitrogen de-
ficiency reduces vegetative and generative growth
and induces premature senescence, thereby po-
tentially reducing yields (Narwal and Malik 1985,
Khokani et al. 1993, Legha and Giri 1999, Tomar
et al. 1999). On the other hand, high N availabil-
ity may shift the balance between vegetative and
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reproductive growth toward excessive vegetative
development, thus delaying crop maturity and re-
ducing seed yield (Farah et al. 1981, Hocking et al.
1987). Excess N application also increases the risk
of disease and lodging, with a consequent reduc-
tion in oil content, and may aggravate ground- and
surface-water pollution.

In eastern Anatolia, sunflowers are grown only
under irrigated conditions because of insufficient
precipitation. The increased yield response of the
crop to N fertilization under irrigated conditions
is well known. However, in Turkey, a detailed
N fertilization study on oilseed sunflower hy-
brids in irrigated conditions is very limited, and
in this region there is no publicated research data
on the effect of N fertilizer applications on the
sunflower.

The objective of this study was to determine the
effects on growth, yield, and yield components of
irrigated sunflower hybrids to N fertilizer rates.

MATERIAL AND METHODS

A 2-year experiment was carried out at the
Agricultural Experiment and Research Centre, the
Faculty of Agriculture, and Atatiirk University in
Erzurum (29°55'N and 41°16’E, 1850 m elevation)
during the seasons 1998 and 1999. The soil at the
experimental site was a loamy, with approxi-
mately 14.3 g/kg organic matter. The 0-60 cm soil
layers contained respectively 18.7 kg/ha N-NO,,
128.7 kg/ha available P and 431.2 kg/ha available K.
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The previous crop for the plots planted in 1998
and 1999 was barley (Hordeum vulgare L.). The
plot areas were mouldboard ploughed in the fall
and cultivated twice in the spring. Two oilseed
sunflower hybrid genotypes, AS-508 and Super 25,
were used in this experiment. AS-508 and Super 25
was selected based on the regional yield perform-
ance and the differences in their plant heights.

The experimental design was a randomised com-
plete block design with the three replicates. The
plots were 2.8 m wide and 6 m long and consisted
of four rows spaced 0.7 m apart. Three seeds were
sown in each hill, and the plots were hand-thinned
to one plant per hill when the plants were at the
four to six-leaf stage. Nitrogen rates of 0, 40, 80,
120 and 160 kg N/ha were tested. Nitrogen was
applied as split into two applications; half with
sowing and the remaining half at the beginning
of stem elongation (N20+20, Nyora00 Ngorgor and
Ngo.g0)- N fertilizer applied as ammonium sul-
phate [(NH,),SO,] form. A basal dressing of am-
monium sulphate was applied and incorporated
into the seedbed. Additional ammonium sulphate
was broadcast by hand just before the end of flo-
ret initiation (Hocking and Steer 1995). All plots
received phosphorus at 60 kg P,O./ha as triple
superphosphate at sowing in both years. Weeds
were controlled mechanically and by hand hoe-
ing. All plots were furrow irrigated regularly to
avoid drought stress. A total of 4 irrigation’s each
year was applied. Each irrigation brought the soil
moisture back to near field capacity. A 1-m alley
was left around each plot to avoid plot to plot N
contamination during irrigation.

The sunflower plants were hand-harvested at
the stage of physiological maturation when the
back of the head has turned from green to yellow
and the bracts are turning brown. At harvest, ten
plants from each plot were selected for determining
days to maturity, plant height, leaf number, head

diameter, 1000 seed weight, test weight, and ratio
of dehulled/hulled seed weight. Leaf area (cm?)
was calculated according to Schneiter (1978) at
50% anthesis. At maturity, head samples for yield
were harvested from the two center rows of each
plot, dried and threshed mechanically. Seed yield
was adjusted to a 10.0% moisture basis. Seed oil
concentration was determined by the Soxhlet
apparatus and seed N concentration by micro-
Kjeldahl method.

A combined year analysis of variance was con-
ducted on all data using the SAS package (SAS
Inst. 1990). For statistical analyses, cultivar and
nitrogen rate effects were considered fixed. When
the F-test indicated statistical significance at the P =
0.05 level, the protected least significant difference
(Protected LSD) was used to separate the means.
Regression models were calculated to determine the
association of seed yield to nitrogen rates. Treatment
comparisons were made using a single degree of
freedom contrasts for linear, quadratic, cubic and
quartic effects of each nitrogen rate.

RESULTS AND DISCUSSION

Air temperature, rainfall, and relative humidity
for the experimental site during the study years
are presented in Table 1. Long-term average rain-
fall for this area during the growing season is
198.9 mm. In general, environmental conditions
in 1998 were more favourable for the growth of
sunflower than those in 1999. The average rainfall
for 1998 (193.7 mm) was higher than that observed
(174.8 mm) in 1999 (Table 1). The 1998 growing
season received rainfall above normal, but the year
1999 rainfall was below normal. Interestingly, total
rainfall for 1999 (286.2 mm) was the lowest rainfall
value of the last 50 years, and the total rainfall for
1998 was 465.4 mm. Temperature values were about

Table 1. Monthly and growing season precipitation, temperature, and relative humidity at Erzurum in 1998 and 1999

Precipitation Temperature Relative humidity
Months 1998 1999 normal* 1998 1999 normal 1998 1999 normal
mm °C %
May 98.1 35.3 73.1 10.8 10.3 10.8 71.0 56.0 60.9
June 26.4 49.6 53.1 16.4 15.0 15.4 59.4 57.7 56.6
July 32.7 34.2 29.1 19.2 19.2 19.2 52.9 52.9 49.9
August 9.5 6.1 18.9 19.7 20.3 19.5 45.7 68.6 46.7
September 27.0 49.6 24.7 13.4 14.2 14.9 54.5 54.6 49.2
Total/Mean  193.7 174.8 198.9 15.9 15.8 15.9 56.7 57.9 52.7

*normal refers to the long term average, a 70 year average
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the same for 1998, 1999, and long-term. The relative
humidity values of the study were very close to
each other and higher than normal (Table 1).

Significant year x cultivar x nitrogen rate interac-
tion (Tables 2) was observed for agronomic traits
such as leaf area, 1000 seed weight, test weight,
the ratio of dehulled/hulled seed weight, and seed
protein concentration. Year x cultivar, year x ni-
trogen rate interactions usually were insignificant.
Furthermore, significant cultivar x nitrogen rate
interactions were observed in stem diameter, leaf
area, 1000 seed weight, and seed protein concen-
tration (Table 2).

Plant growth

The results of the analysis of variance showed that
plant height was strongly influenced by year and
cultivar (Table 2). Averaged across cultivars, plant
heights in 1998 were higher than in those in 1999.
This can be explained by the fact that in the first
year cultivars had more suitable growing condi-
tions due to high rainfall. In general, there was also
significant differences in plant height between the
genotypes and AS-508 produced taller plants than
Super 25 (Table 2). Applying nitrogen tended to
increase plant heights of sunflower cultivars and the
effect of N application was statistically significant
(Table 2). Our research data concur with the lit-
erature reporting that increasing N rates increased
markedly increased plant height (Hussein et al.
1980, Mahal et al. 1998, Poonia 2000). In sunflower
production, increased plant height with excessive
nitrogen application may cause lodging problems
(Kasem and El-Mesilhy 1992). However, in this
study such a problem was not encountered.

As seen in Table 2, the stem diameters of sun-
flower plants varied with each year and these dif-
ferences were found to be significant (Table 2). In
1998, average stem diameters were greater than
those of the second year of the study. There were
insignificant differences between the cultivars. Stem
diameters of AS-508 and Super 25 were very close
each other. Stem diameter was consistently influ-
enced by nitrogen applications, and increased with
increasing N rates (Table 2), as reported by Kasem
and El-Mesilhy (1992) and Mahal et al. (1998). A dif-
ferential response also occurred between cultivars
at the increasing N levels. This caused significant
cultivar x nitrogen rate interaction (Table 2).

Significant genotypic differences in leaf area
occurred between the cultivars. Mean leaf area of
AS-508 was greater than that of Super 25 (Table 2).
The greater leaf areas were observed in 1998 due
to favourable weather conditions. N applications
significantly influenced the leaf area (Table 2), al-
though this was not consistent across N treatments
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(Table 2). The highest leaf area was produced when
sunflower plants received nitrogen at the rate of
80 kg/ha. The results are in general agreement with
those of Hocking et al. (1987), which reported that
leaf area increased as the N rate, was increased. The
response of genotypes to N fertilizer applications
differed. This resulted in a significant cultivar x
nitrogen rate interaction (Table 2).

Yield components

Head diameter is one of the most important yield
components in sunflower plant. The head diam-
eters measured for cultivars in the study were not
significantly influenced by year (Table 2). A similar
trend was also observed for the cultivars. In contrast
to the year and cultivar, the effect of the nitrogen
levels was significant (Table 2). As N fertilizer rate
increased, the head diameter of sunflower plants
increased. Indeed, this effect was expected because
of positive contribution of nitrogen on plant growth.
Head diameter was 20.7 and 20.6 cm for the N rates
of 120 and 160 kg N/ha, respectively, while it was
18.48 cm for the check treatment. Some research
data (Massey 1970, Hussein et al. 1980) have also
shown that fertilizer nitrogen increased head di-
ameter of the sunflower.

1000 seed weight is commonly a major determi-
nant of sunflower yield. The characteristic signifi-
cantly differed with the study years. Seed weight
differs to various growing season and conditions. In
1998 when rainfall was higher (Table 1), 1000 seed
weight was higher than in 1999. Nitrogen applica-
tions had a significant effect on seed weight. The
highest 1000 seed weight (65.02 g) was determined
at the rate of 160 kg N/ha. It has been well docu-
mented that increasing N rates produced sunflower
plants with higher seed weight (Hocking et al.
1987, Mahal et al. 1998). In our study, a progressive
and consistent increases in 1000 seed weights were
observed with each increment in applied nitrogen
rates up to 160 kg N/ha, suggesting the role of
nitrogen for seed formation in sunflower. It was
concluded that the development of florets and seeds
of the sunflower is supported by N taken up by
the plant between the end of floret initiation and
anthesis (Hocking and Steer 1995).

Table 2 shows the average test weights of the sun-
flower plants grown in Erzurum in 1998 and 1999
growing season. In general, sunflower genotypes
tended to produce higher test weights in 1998 than
in 1999. The higher test weight of the first year was
partly due to more favourable environmental condi-
tions, particularly total rainfall. Cultivars did not
have any effect on test weight (Table 2). In contrast
to the genotypes, the effect of applied nitrogen rates
on test weight was significant (Table 2). The highest
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test weight (38.44 kg/hl) was observed at the rate of
160 kg N/ha of nitrogen fertilizer. This agrees with
Poonia (2000) who suggested that N application
significantly increased test weight.

The ratio of dehulled/hulled seed weight was not
affected by year and cultivar. Increased nitrogen
rates had a significant effect on kernel content
and but this effect was not consistent (Table 2). In
contrast to our research data, Baldini and Vannozzi
(1996) have found that an increased supply of ni-
trogen improves hullability.

Seed yield

The seed yields of sunflower cultivars grown
in Erzurum are presented in Table 2. As seen in
Table 2, there were significant differences between
the growing seasons. The yields (2640.6 kg/ha) of
the first year were superior to those (2506.9 kg/ha)
of the second year. The higher sunflower yields
in 1998 may have resulted from higher N miner-
alization due to increased rainfall. Similarly, the
differences between the cultivars was observed
and found to be statistically significant (Table 2).
Increased nitrogen rates resulted in higher seed
yields up to 160 kg N/ha. Compared to the plots that
not received nitrogen, the highest N rate produced
about 30% more seed yield, which clearly suggest the
importance of nitrogen for higher seed production
in the sunflower. Yield increased in a linear fash-
ion in this study. This indicates a close relationship
between seed yield and nitrogen rates. The effect
of increased N fertilizer rates was expected since
fertilizer N requirements of the sunflower for maxi-
mum yield tended to be greater than under irrigated
conditions. The yield response of the sunflower to
increased N levels was not surprising. Rahmatullah
etal. (1995), Tenebe et al. (1997) and Legha and Giri
(1999) also reported similar results for the sunflower.
The increases in yield with N applications can be
explained partly by very low available N (N-NO,)
of the experiment soil and by probably increased
nitrogen use efficiency due to split applications
of nitrogen. On the other hand, this response can
also be accounted for the positive response of ag-
ronomic characteristics associated with yield such
as head diameter and 1000 seed weight to nitrogen.
Fertilizer N treatment effects on sunflower yield
were inconsistent across the 2 year since the year x
N interaction was significant (Table 2).

Management of fertilizer nitrogen is one of the
most important components in producing maxi-
mum yield and profits in sunflower. Our study data
show that up to 160 kg N/ha fertilizer applications
increased linearly seed yields. However, significant
yield increases with application of nitrogen up to
only 120 kg/ha were observed (Table 2). In this
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study, a rate of 120 kg N/ha has been shown to be
adequate for sunflower production under the re-
gion conditions. The information provided by this
experiment might be helpful for recommending the
optimum N rate in sunflower production in similar
climatic and soil conditions. However, this N rate
can not be generalized for oilseed sunflower since
the optimum amount of fertilizer N depends on
the soil mineral N concentrations and the amount
of N mineralised from soil organic sources during
the growth period.

Oil yield

The oil yield obtained from sunflower plants in
this study was substantially altered by year, culti-
var and nitrogen rates (Table 2). As in seed yield,
cultivars produced more oil yield in 1998 than in
1999. The oil yield of AS-508 was more than that
of Super 25. Irrespective of sunflower genotypes,
increasing the N rate from 0 to 160 kg N/ha con-
sistently increased oil yields. In fact, the response
was associated directly with the response of seed
yield to applied N rates. Steer et al. (1986) also
reported that oil yields in irrigated sunflower were
increased by increasing N application.

Seed oil concentration

Seed oil concentration was significantly affected
by year and cultivar. In the first year oil concentra-
tion was higher (413.3 g/kg) than the second year
(401.8 g/kg) (Table 2). The reduced oil concentration
was probably caused by the very low total annual
rainfall. Talha and Osman (1975) also found that
water stress during the vegetative stage as well
as the reproductive growth periods decreased the
seed oil content from 31.9 to 24.7%. There was no
significant effect of cultivars on seed oil concentra-
tion. N fertilization caused a consistent decline in
the seed oil concentration of sunflower cultivars.
Averaged over years and cultivars, the highest oil
concentration was detected in the control plants.
Increased N rates led to declines in oil concentra-
tions of the sunflower plants. Similar responses
have been reported in other studies (Steer et al.
1986, Geleta et al. 1997, Scheiner et al. 2002). There
were no significant cultivar x year, year x nitrogen
rate, and year x cultivar x nitrogen rate interactions
for seed oil concentration (Table 2).

Seed protein concentration

Seed protein concentration was significantly
influenced by year, cultivar, nitrogen, year x
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cultivar, cultivar x nitrogen rate, and year x cul-
tivar x nitrogen rate interactions. Differences in
protein concentrations of cultivars were higher
in 1998 than in 1999. AS-508 tended to produce
higher protein concentration than super 25. N ap-
plications to sunflower resulted in increased seed
protein concentrations (Table 2). It is noteworthy
that compared to the control the highest N rate
produces in a 9% increase in protein concentra-
tion. Previous research has indicated that nitrogen
fertilization tends to increase seed protein content
at the expense of oil (Blamey and Chapman 1981,
Steer et al. 1986).

REFERENCES

Baldini M., Vannozzi G.P. (1996): Crop management
practices and environmental effects on hullability in
sunflower hybrids. Helia, 19: 47-62.

Blamey F.P.C., Chapman J. (1981): Protein, oil, and
energy yields of sunflower as affected by N and
P fertilization. Agron. J., 73: 583-587.

Farah M.A., Soliman M.F., Bakhati H.K., Antar I.M.
(1981): On the response of two sunflower varieties to
nitrogen and phosphorus fertilization under saline
conditions. Agric. Res. Rev., 59: 143-155.

Geleta S., Baltensperger D.D., Binford G.D., Miller J.F.
(1997): Sunflower response to nitrogen and phospho-
rus in wheat-fallow cropping systems. J. Prod. Agric.,
10: 466—472.

Hocking P.J., Randall P.J., Pinkerton A. (1987): Sulphur
nutrition of sunflower (Helianthus annuus) as affected
by nitrogen supply: effects on vegetative growth, the
development of yield components, and seed yield and
quality. Field Crops Res., 16: 157-175.

Hocking PJ., Steer B.T. (1995): Effects of timing and sup-
ply of nitrogen remobilization from vegetative organs
and redistribution to developing seeds of sunflower.
Plant Soil, 170: 359-370.

Hussein M. A., El-Hattab A.H., Ahmed A K. (1980): Effect
of plant spacing and nitrogen levels on morphological
characters, seed yield and quality in sunflower (Heli-
anthus annuus L.). J. Agron. Crop Sci., 149: 148-156.

Kandil A.A. (1984): Response of some sunflower culti-
vars to different fertility levels. J. Agron. Crop Sci.,
153: 401-406.

Kasem M.M., El-Mesilhy M.A. (1992): Effect of rates
and application treatments of nitrogen fertilizer on
sunflower (Helianthus annuus L.). I. Growth characters.
Ann. Agric. Sci. Moshtohor., 30: 653-663.

Khokani M.G., Ahlawat R.P.S., Trivedi S.J. (1993): Effect
of nitrogen and phosphorus on growth and yield of
sunflower (Helianthus annuus). Indian J. Agron., 38:
507-509.

Legha P.K., Giri G. (1999): Influence of nitrogen and
sulphur on growth, yield and oil content of sunflower

210

(Helianthus annuus) grown in spring season. Indian
J. Agron., 44: 408-412.

Mahal S., Uppal H.S., Mankotia B.S. (1998): Perform-
ance of spring sunflower (Helianthus annuus L.) under
different levels of soil moisture regime and nitrogen.
Environ. Ecol., 16: 599-602.

Massey J.H. (1970): Effects of nitrogen rates and plant
spacing on sunflower seed yields and other character-
istics. Proc. 4" Int. Sunflower Conf. Memphis, Tennes-
see, Nat. Cottonseed Prod. Assoc., USA: 254-257.

Narwal S.S., Malik D.S. (1985): Response of sunflower
cultivars to plant density and nitrogen. J. Agric. Sci.
Camb., 104: 95-97.

Poonia K.L. (2000): Effect of planting geometry, nitrogen
and sulfur on growth and yield of sunflower (Helian-
thus annuus L.). J. Ecol. Physiol., 3: 59-71.

Rahmatullah N.G., Salim M., Gill, M.A. (1995): Parti-
tioning of biomass, N and S in sunflower (Helianthus
annuus (L.) by nitrogen and sulfur nutrition. J. Agron.
Crop Sci., 174: 27-32.

Robinson R.G. (1978): Production and culture. In: Carter
J.E. (ed.): Sunflower science and technology. Madison.
WI, ASA. Agronomy, 19: 89-143.

SAS Inst. (1990): SAS/STAT user’s guide. Version 6.4.
Cary, NC.

Scheiner J.D., Gutierrez-Boem F.H., Lavado R.S. (2002):
Sunflower nitrogen requirement and N fertilizer re-
covery in western Pampas, Argentina. Eur. ]J. Agron.
17:73-79.

Schneiter A.A. (1978): Non-destructive leaf area estima-
tion in sunflower. Agron. J., 70: 141-142.

Steer B.T., Coaldrake P.D., Pearson C.J., Canty C.P. (1986):
Effects of nitrogen supply and population density on
plant development and yield components of irrigated
sunflower (Helianthus annuus L.). Field Crops Res.,
13: 99-115.

Talha M., Osman F. (1975): Effect of soil water stress
on water economy and oil composition in sunflower
(Helianthus annuus L.). J. Agric. Sci., 84: 49-56.

Tenebe V.A., Pal U.R., Okonkwo C.A.C., Auwalu B.M.
(1996): Response of rainfed sunflower (Helianthus an-
nuus L.) to nitrogen rates and plant population in the
semi-arid savanna region of Nigeria. J. Agron. Crop
Sci., 177: 207-215.

Tomar H.P.S., Dadhwal K.S., Sing H.P. (1999): Effect of
irrigation, N, and P on yield and yield attributes of
spring sunflower (Helianthus annuus L.). Trop. Agric.,
76: 228-231.

Zubillaga M.M., Aristi ].P.,, Lavado R.S. (2002): Effect of
phosphorus and nitrogen fertilization on sunflower
(Helianthus annuus L.) nitrogen uptake and yield.
J. Agron. Crop Sci., 188: 267-274.

Zubriski J.C., Zimmerman D.C. (1974): Effects of ni-
trogen, phosphorus and plant density on sunflower.
Agron. J., 66: 798-801.

Received on August 1, 2003

PLANT SOIL ENVIRON., 50, 2004 (5): 205-211



ABSTRAKT

Vliv dusikatého hnojeni na zavlazované hybridy slunecnice: riist, vynos a vynosotvorné prvky

Dusikaté hnojeni ma vyznamny vliv na vynos a kvalitu nazek slunecnice (Helianthus annuus L.). Je také znamo, Ze vy-
soce vynosné hybridy slunecnice maji vétsi naroky na dusikatou vyzivu nez staré liniové odrady. Nicméné v Turecku
nebyla dosud ovéfena reakce nové vyslechténych hybrida slunec¢nice na hnojeni dusikem v podminkach zavlah.
Proto probéhlo dvouleté sledovani k urceni vlivu raznych davek dusiku na riist, vynos a vynosotvorné prvky dvou
hybrida slunecnice (AS-508 a Super 25) v podminkach zavlah. Vsechny sledované znaky byly pritkazné ovlivnény
pouzitymi davkami dusikatych hnojiv. Vynosova reakce na tyto davky byla pozitivni a linearni. Vysledky pokusu
ukazaly, Ze ve sledovaném regionu byla pro produkci slunecnice pod zavlahami optimalni davka 120 kg N/ha.

Klicova slova: slunecnice; davky dusiku; rtst; vynos nazek; vynosotvorné prvky
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