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Abstract: This experiment was carried out to study the effects of water deficiency stress, different levels of
nitrogen application and plant density on quality traits, phyllochron and leaf appearance rate of oily sunflower.
Tt was conducted at West-Azarbaijan’s Research Center for Agriculture during 2008 and 200%. The study
consisted of split-split-plot experiment using Randomized Complete Block Design with three replication. The
main factor was considered to be irrigation treatments including optimum irrigation, moderate stress and severe
stress in which wmigation was done after depletion of 50, 70 and 90% of field capacity, respectively. Three
nitrogen levels of 100, 160 and 220 Kg N ha™ were considered as sub plot with sub-sub plot consisting of three
plant density of 5.53, 6.66 and 8.33 plant in m*. The combined variance analysis indicated that water deficiency
stress, nitrogen and plant density have a considerable impact on oil and protein yield, oil and protein
percentage, phyllochron and leaf appearance rate. The maximum oil yield (2213/22 kg/ha) was attributed to
optimum irrigation and density 83300 plants ha™" treatment. Severe drought stress reduced the oil yield by 62%
compared to the optimum irrigation condition. Oil yield increased at higher nitrogen application rates. The
response of oil yield to increase m plant density was positive. With mereasing plant density, o1l yield, oil
percent, protem yield and phyllochron increased, but protemn percent and leaf appearance rate decreased.
According to the results obtained in this research, application of 220 kg N ha™" and larger plant density in
optimum conditions and moderate drought stress 1s recommended for suitable o1l and protemn yield, although
an increase in nitrogen consumption and plant density has a little impact on oil and protein vield in severe
drought stress conditions. Also in severe drought stress conditions leaf appearance rate decreased
significantly.
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INTRODUCTION Tahenasbag et al. [5] showed that with mecreasing

drought stress percentage of protein increased

Sunflower (Helianthus annuus L) 1s the most
important oilseed crop of the world due to its wide range
of adaptability and very lugh seed oil content, ranging
from 40-50% and 23% protein [1]. Drought stress is the
most important factors of abiotic stresses that affect on
growth and yield of plants [2]. Naderi et al. [3] showed
that with application drought stress oil yield decreased.
Stone et al [4] showed that with application drought
stress oil percentage decreased from 40% to 24%.

sigmficantly. Nitrogen 1s the most important element that
cause increase protein of grain [6]. Namati et al [7]
indicated that the maximum of phyllochron obtained in
condition of nitrogen disuse and with increasing
nitrogen usage amount of phyllochron decresed. Hokm
Al Pour et al. [8] ndicated that with nitrogen amount, leaf
appearance rate increased but phyllochron decresed.
Liyong et al. [9] in an experiment emphasized that fertilizer

of nitrogen more than drought stress grain protein
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increased and in condition of draught stress, applying
lower nitrogen affected stronger than. The researchers
declared that increasing nitrogen cause increase grain
yield but gramn o1l content cause decrease [10].
Asgari et al. [11] stated that with increasing nitrogen
grain protein percentage increased significantly. Hao et
al. [12] reported that with increasing nitrogen rice protein
content creased. Improving plant distances, plant
density and irrigation precise control is the most
ways of important evaporation reduction from soil [13].
Rahbar et al. [14] showed that the maximum o1l yield and
o1l percentage obtained from the highest plant density.
Increasing of oil percentage in higher plant density is
related to lower husk percent. Therefore the aim of this
study was to evaluate the effect of different levels of
nitrogen application and plant density in  different
moisture conditions on quality traits, phyllochron and leaf
appearance rate of oily sunflower in order to achieve the
optimum use of resources.
MATERIALS AND METHODS

This experiment was conducted m order to
mvestigate the effects of water deficit stress, different
levels of nitrogen and plant density on quality traits,
phyllochron and leaf appearance rate in sunflower
(Var: Iroflor). It was performed during 2008 and 2009 at the
research farm of the Centre of Agriculture and Natural
Resources in Orumieh, West-Azarbijan, Tran. The
experiment was implemented in a split-split-plot using
Randomized Complete Block design with three replication.
The main plot was irrigation treatments including optimum
irrigation, moderate stress and severe stress. Irrigation
was done after depletion of 50, 70 and 90 percent of field
capacity, respectively. Three nitrogen levels consisting of
100, 160 and 220 kg N ha™' were considered as sub plot
with sub-sub plot consisted of three plant densities of
5.55, 6.66 and 8.33 plant m . The plant distance on each
row was 20, 25 and 30 cm and distance between rows was
60 cm. These spacing were randomly located in the main
plots, sub plots and sub-sub plots. Each sub-plot
consisted of 7 plant line. Each plant line was 4 meter long.
The distance between two sub-plots and two main plots

Table 1: Chemical and physical properties of farm soil at depth of 0-30 cm

were 1m and 2m, respectively. Thus main plot area was
51.6 m* with total area of 2500 m® The operations of
plough and preparation of farm mcluded a deep plough,
two vertical disks, leveling, furrow, mound and plot
making. The soil texture was loamy silt clay. The amount
of fertilizer added to farm was determined by soil analysis.
The planting was done manually after irrigation in 27 may
2008 and 2009. The grams used 1n this study were Hybrid
Troflor. This hybrid comes from the variety of single-cross
and the group of middle ripping and has registered in 1988
in France.

The first rrigation was done in 5 June. The thirming
conducted in 4-5 leaf stage. The weeding conducted in
2 stages of 20 and 40 days after planting. Nitrogen
fertilizer applied m the form of surplus in 2 stages of
7-8 leafage and flowering time. When downside of head
turned to brownish yellow the final harvest was
performed. Tn this stage seeds had 20 percent of moisture.
In order to remove the edge effect, the sampling was not
conducted from lateral rows. For determining soil
moisture samples were taken from 2 depths of scil
0-30 and 30-60 cm in each (Table 1). Then weight moisture
percentage was determined by pressure plate (armfield
CAT REF: FEL13B-1 Senal Number: 6353 A 24598). In
this experiment field capacity of soil was determined
to be 26 with permanent wilting point of 14. In order to
obtain the exact wrigation time, soil was sampled
by auger from root development depth in each
treatment 48 hours
weight moisture. Based on the measurement, the irrigation

after irrigation to measure soil

time was determined to be at soil weight moisture of 20,
17.6 and 15.2. To implement the irrigation operation the
water usage volume was calculated by the following
equation 1:

Equation (1) 3 _ (fe—8m)x px Droot x A
Ef

V=TIrrigation water volume (m™ )
0, = soil weight moisture percentage rigation
A= Irrigated area (m™)
FC= field capacity
Py, = soil external specific density (g cm™ )
D,,..= root development depth (m™)

Potassium  Phosphor Carbon Percentage of Electrical
(ppm) (ppm) Nitrogen (%6) Organic (%) sand (%6) silt (%96) clay (%) lime (%%) saturation (%) pH conductivity DS m~!
800 12 0.12 1.2 12 33 16 57 8 0.8
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Therefore the required water volume in each stage of
urigation in each treatment was calculated and was
distributed equally based on the water distribution
efficiency of 90 percent by flume and chronometer.
The final harvesting area was equal to 4.8 m™ that was
from two middle of planting. Final
measwrements were conducted from these samples. For
moisture measurement grainsg were located in the oven in

dene lines

the temperature of 72 degrees centigrade for 48 hours. 01l
and protein percentage was calculated with grain analysis
apparatus of o1l and protein (Percon Inframatic 8620-made
in Switzerland). Oil and protein yield was calculated via

multiply o1l percentage *
*

grain yield and protein
percentage gram yield respectively. In order to
phyllochron measurement during growth season each 3
days one time existing leaves numbers m three plants from
main lines each plot was calculated when every leaf
minimum 1 centimeter of length had Meanwhile three
selective plants were marked by color string and every
leaf was marked by color pen after counting. TLeaf
appearance rate was
equation 2:

calculated by the following

1

_ 2 TLeaf appearance rate =
phyllochron

Analysis of variance was performed using PROC
ANOVA of SAS. The comparison of the means was done
by Tokey’s test at a probability level of 5 percent.

RESULTS AND DISCUSSION

Oil Yield: The results of combined ANOVA showed that
o1l yield content strongly affected by water deficit stress
and with intensifying stress decreased significantly
(tables 2, 4 and 5). Severe drought stress reduced the oil
yield by 62% compared to the oil yield optimum irrigation
condition. The reason for reduction of oil yield with
increasing severe drought stress was reducing grain yield
and oil percentage due to water deficit (tables 4 and 5).
These results confirmed results of Naderi et al. [3], Roshdi
et al. [15] and Roberts [16]. Comparison of mean values
for combined effect of irrigation-density showed that the
case of lighest density with optimum 1rmigation condition
is considerably better than other cases with respect to the
o1l yield production whereas in severe drought stress
condition change of oil yield due to increasing density
was not outstanding. The reason of o1l yield mcrease in
high densities grain yield and o1l percentage mcrease was
in optimum irrigation. These results confirmed results of
Rahbar et al. [14] and Hejazi Dahaghani et af. [17]. The
examination effect of irrigation and nitrogen interaction
showed that with increasing nitrogen oil yield mcreased
significantly so the maximum oil yield (2104.10 kg ha™)
obtained from optimum irrigation and 220 kg nitrogen ha™
(table 4). The reduction of mtrogen levels consumption
from 220 to 100 kg nitrogen ha™ reduced cil yield about
the average of 1975 kg ha™" (table 3). This reducticn was
considerable (table 2). The reduction of oil yield at little

Table 2: Combined analysis of variance for traits of sunflower in different drought stress, nitrogen and plant density (2008-2009)

5.0.V. df Oil yield Oil percentage Oil protein  Protein yield Phyllochron Leaf appearance rate Grain yield
Year 1 151269.5™ 58.32™ 27.87" 22293.3™ 1.151™ 0.0010™ 458764.9™
Irrigation 2 20829963.0 66.19™ 49.80"  3719875.6™ 17.63™ 0.094™ 78009743.7
Year * irrigation 2 24074.3™ 1.65% 26.18" 0558.06"  3.00% 0.0147" 3207
Error 1 8 11373.8 514 2.21 2485.9 0.0019 0.000025 44513.5
Nitrogen 2 346020.8™ 46,707 23.52" 256772.4 0.48™ 0.0040™ TA44267.1
Nitrogen =Y ear 2 83059 Q.77 0.49%# 32333 0.025™ 0.00037" 86.9%
Trrigation *nitrogen 4 68824.2" 0.25m 1.08 31992.35" 0.12" 0.0017" 71212.2"
Trrigation = nitrogen = Year 4 1961.8% 1,100 0.520% 922.6@ 0.026™ 0.00049™ 4227
Error 2 24 4931.9 1.17 2.05 2011.29 0.00057 000000301 32529.3
Density 2 780893 4™ 152.81" 36.07" 8778.9" 4.50™ 0.022" 1976288.1"
Density x Year 2 4139 .4 2.11" 217" 1274.2 0.63™ 0.0028™ 47.4%
Irrigation *Density 4 292286.87" 0.81" 2.01™ 28450.9™ 0.0051™ 0.00084™ 1000115.9™
Density = irrigation * Year 4 8488~ Q. 400 1.2¢ 9s51.1™ 0.0078™ 0.00030™ 181.2%
Density x nitrogen 4 2006.6™ 2.65™ 0,53 145.1™ 0.00026™ 0.000030™ 54061™
Density = nitrogen * Year 4 56477 0.69% 0.13% 63.07 0.00020% 0.000020% 16.1%
Density * nitrogen  irrigation 8 2201.1% 0.61% 0.14% 417.35% 0.00045% 0.000030 28846™
Density = nitrogen = irrigation = Year 72 429 6% 0.16% 0.15% 149, 2% 0.00037% 0000020 151.9%
Error 3 3681.69 0.34 0.5 1219.58 0.0022 0.00000971 20080.9
vV - 4.83 1.30 318 571 1.25 1.14 4.83

*##*_#* and Ns significant at the 1%, 5% probability levels and non significant respectively
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Table 3: Mean comparison for traits of sunflower in different nitrogen and plant density (2008-2009)

Treatments Protein (%6) Phyllochron (day)
Nitrogen (Kg ha™")

100 21.51b 3.17a

160 22.22a 3.10b

220 22.83a 2.93c
Density (Plant per m™)

8.33 21.30c 4.10a
6.66 22.35b 3.66b
5.55 22.91a 3.55¢

Means followed by similar letters in each column are not significantly different at the 596 level of probability according to Tokay's Test.

Table 4: Mean comparison for traits of sunflower in different drought stress and nitrogen (2008-2009)

Treatments (Irrigation * Nitrogen)  Oil yield Kgha™))  Protein yield Kgha™))  Phyllochron (day)  Grainyield Kgha™)

Trrigation Nitrogen (Kg ha™!)

100 1804.55¢ 789.72c 336t 3859.6¢
Optimum Irrigation * 160 1926.86v 896.98b 3.24¢g 4188.5b

220 2104.10a 1024.48a 2.9%h 4707.3a

100 1025.77e 487.72ef 3.83¢c 2245.6e
Drought Moderate Stress = 160 1088.41de 531.61de 3.76d 2416.05de

220 1120.04d 574.16d 3.71e 2547.4d

100 695.76¢g 350.08h 4.39a 1564.7¢g
Drought Severe Stress = 160 746.08tg 398.97gh 4.33b 1715.41g

220 782.20f 442.56fg 4.31b 1838.5f

Means followed by similar letters in each column are not significantly different at the 5% level of probability according to Tokay's Test.

Table 5: Mean comparison for quality traits of sunflower in different drought stress and plant density (2008-2009)

Treatments (Irrigation * Plant density) Qil yield Kg ha™')) 0il (%)

Protein (%6) Protein yield Kgha™)) GrainyieldKgha ™

Irrigation Plant density (Plant m=2)
8.33 2213.22a 47.56a 20.45d 958.22a 4679.7a
Optimum Trrigation = 6.66 1932.36b 45.22¢ 21.15d 900.16b 4247.4b
5.55 1689.93¢ 43.91ef 22.22¢ 852.81c¢ 3828.3¢c
8.33 1166.47d 16.83b 21.12d 531.03d 2511.7d
Drought Moderate Stress = 6.66 1075.3%¢ 44.51de  22.68bc 547.42d 2412.1de
5.55 992,35 43.02¢g 22.50bc 515.03d 2285.3e
8.33 755.27¢g 44.97cd  22.33c 372.03f 1661.3f
Drought Severe Stress x 6.66 741.24¢ 43.79f 23.23b 398.63¢ef 1709.5f
5.55 727.52¢g 42.38h 24.00a 420.95¢ 1747.7f

Means followed by similar letters in each column are not significantly different at the 596 level of probability according to Tokay's Test.

quantities of nitrogen consumption was reported by other
researchers Singh and Patel [18]. Nitrogen consumption
220 kg nitrogen ha™ in compared with 160 and 100
nitrogen ha™" oil yield increased about 7 and 12 percent
respectively. The reason for oil yield and grain yield
mcrease was due to increasing food elements more often
in soil and plant optimum usage from environmental
factors. It was found mn this study that there 1s a positive
and significant correlation between oil yield and grain
vield that agree with the aforementioned results (table &).
Golabadi et al. [19] showed that grain yield had the
maximum positive direct effect whereas 1000-Grain Weight
had the maximum negative direct effect on o1l yield.

134

0Oil Percentage: The results of combmed ANOVA
showed that oil percentage content strongly affected by
water deficit stress and with intensifying stress decreased
significantly (tables 2, 5 and 6). Severe drought stress
reduced the oil percentage by 4% compared to the oil
yield optimum imgation condition. The reason for its 1s
that at first carbohydrates gather then this matter convert
to o1l and protein or other matters so whatever the length
of this period 1s more as a result o1l percentage will be top
[20]. Therefore with attention to this study can declare
optimum 1rigation had more time for filling grain so o1l
percentage was more in this treatment. Also drought
stress cause increase grain husk thickness and reduce
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Table 6: Mean comparison for Oil percentage of sunflower in different nitrogen and plant density (2008-2009)

Treatments (Nitrogen = Plant density)

Nitrogen (Kg ha™") Plant density (Plant m™%) 0il (26)
8.33 47.40a
100 = 6.66 45.52¢
5.55 44.20d
8.33 46.48b
160 x 6.66 44.62d
5.55 43.45¢
8.33 45.48¢c
220 % 6.66 43.38e
5.55 41.66f

Means followed by similar letters in each column are not significantly different at the 5% level of probability according to Tokay's Test

Table 7: Mean comparison for traits of sunflower in different drought stress, nitrogen and plant density (2008-2009)

Treatments (Nitrogen * Plant density)

Leaf appearance rate (1/day)

Nitrogen (Kg ha™") Plant density (Plant m2) Optimum Irrigation Drought Moderate Stress Drought Severe Stress
8.33 0.271jk 0.23%9mno 0.214p
100 = 6.66 0.309¢ 0.269k 0.2340
5.55 0.316de 0.278hij 0.2411mn
8.33 0.279ghi 0.244lmn 0.217p
160 6.66 0.321d 0.273ijk 0.237no
5.55 0.330c 0.282gh 0.2441lmn
8.33 0.3011 0.2481 0.218p
220 % 6.66 0.350b 0.27hij8 0.238mno
5.55 0.36la 0.286¢g 0.245lm

Means followed by similar letters in each column are not significantly different at the 5% level of probability according to Tokay's Test

Table 8: Matrix of simple correlation coefficient among different traits

Oil yield Oil percentage Protein percentage  Protein yield Phyllochron  Leaf appearance rate  Grain yield
0Oil yield 1
Oil percentage 0.49" 1
Protein percentage 0.61"- 0.90™- 1
Protein vield 0.97" 0.30™ 0.43"- 1
Phyllochron 0.69""- -0.10m 0.10 0.80""- 1
Leaf appearance rate 0.69" 0.11%- 0.07%- 0.81" 0.98"- 1
Grain yield 0.99" 0.54"- 0.40" 0.99" 0.75"- 0.75" 1

*#*_* and Ns significant at the 196, 5% probability levels and non significant respectively.

grain kemel percentage to grain whole consequently o1l
percentage decreased. These results confirmed results
of Sharifi et @l [21] and Daneshian and Jabary [22].

Increasing nitrogen consumption o1l percentage
decreased (Table 6). In each level of nitrogen with
mcreasing  plant demsity o1l percentage increased

congiderably. So that the maximum and minimum oil
percentage about 47.40 and 41.66 percent obtaind
from 100%*8.33 and 220%5.55 treatments respectively
(Table 6). The reduction of oil percentage with increasing
chemical fertilizers application has been reported
by Abbdel-Sabour and Abo-El-Seoud [23] and
Nandhagopal et al. [24]. In low densities more light

radiate to farm so some light reflex it cause temperature
of internal canopy increase consequently it cause
obtamed oil m plant decompose and oil percentage
decrease but m high densities lower light radiate to
farm and vast part of light in top parts of canopy is
take and spend for photosynthesis besides rate of
evaporation from canopy area is low as a result internal
canopy space 1s almost cool and o1l percentage merease.
These results agree results of Alyari et al [25] and
Roberts [16]. Oil percentage had positive and significant
correlation with gram yield and o1l yield but with protein
percentage had negative and significant correlation (-90™)
(Table 8).
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Protein Percentage: The results of combined ANOVA
showed that the effect of drought stress, mtrogen, plant
density and irrigation * plant density interaction was
significant on protein percentage (Table 2). Mean
comparison of two-year showed that protein percentage
content strongly affected by water deficit stress and with
mtensifying stress mereased significantly (Tables 2, 3, 5).
In each irrigation level with plant density increase protein
percentage decreased significantly so the meaximum and
minimum protein percentage were obtained in severe
drought stress * 5.55 plant m—* and optimum irrigation*
8.33 plant m™* respectively (table 5). Severe drought
stress increased the protein percentage by 8% compared
to the protein percentage optunum irrigation condition.
These results agree with results of Majd et al. [26]. The
reason of protein percentage increase with mtensifying
drought stress was due to increasing oil percentage that
1t had negative and sigmificant correlation (table 8). In this
study, mncreasing the use of mtrogen increased protein
percentage (table 3). This is because of ability of the plant
to access to more nitrogen and increasing reproductive
and productive parts.

There 1s not any significant difference between
fertilizer of 160 and 220 kg nitrogen ha™ (table 3).
Nitrogen consumption 220 kg nitrogen ha™ in compared
with 160 and 100 nitrogen ha™" protein percentage
increased about 2 and 5 percent respectively. The reason
of protein percentage increase with increasing nitrogen
was due to absorbing more nitrogen from soil,
photosynthesis increase, mcreasing nitrogen comntent in
upwards organs and transfer more nitrogen to grain.
Increasing grain protein percemntage with application of
nitrogen fertilizer reported by other researchers [23].
Liyong et al. [9] stated that fertilizer of nitrogen increase
grain protein content more than drought stress and in
drought stress condition lower application of nitrogen
affected strongly on protein percentage. With plant
density mcrease as a result number of more grains amount
raw protein was diluted and led to grain protein content
decrease. These results agree with results of Fallah and
Tadayon [27]. Studding table of correlation coetficients
showed that between protein percent with grain yield, oil
yield and o1l percentage had negative and significant
correlation (table 8).

Protein Yield: The results of combined ANOVA showed
that the effect of drought stress, mitrogen, plant density,
irrigation * plant density and irrigation * nitrogen
interaction was significant on protein yield (table 2). Mean
comparison of two-year showed that protein yield
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strongly affected by water deficit stress and with
intensifying stress decreased significantly (tables 2, 4 and
5). In each irrigation level with increasing application of
nitrogen protein yield mcreased sigmificantly so the
maximum and minimum protein yield were obtained in
optimum 1rigation * 220 kg nitrogen ha-1 and severe
drought stress * 100 kg nitrogen ha-1 respectively (table
4). Severe drought stress decreased the protein yield by
51% compared to the protein yield optimum imgation
condition. The reason of protein yield decrease with
increasing severe drought stress was due to reduction of
grain yield.

Increasing protein vyield resulting use of high
nitrogen 1s related to gram yield and protein percentage
increase. Because with increasing food elements in soil
theirs absorbing from soil increase and this affair led to
grain yield and protein yield increase. Similar these results
reported by other researchers [27, 28]. Researchers
mentioned  genotype,
agronomy managements in growth and development of

environmental factors  and
sunflower important on grain protemn vield [29]. Mean
comparison of two-year showed that in each irrigation
level with plant density mcrease protein yield mcreased
significantly so the maximum and minimum protein
percentage were obtained in optimum irrigation* 8.33
plant m™ and severe drought stress * 8.33 plant m™
respectively (table 5). These results agree with results of
Fallah and Tadayon [27]. Studding table of correlation
coefficients showed that among protein yield with grain
yield and o1l yield positive and sigmficant correlation and
with traits such as protein percentage and phyllochron

had negative and significant correlation (table 8).

Phyllochron: The results of combined ANOVA showed
that the effect of drought stress, nitrogen, plant density
* nitrogen interaction was significant on
phyllochron (table 2). Mean comparison of two-year
showed that phyllochron strongly affected by water
deficit stress and with intensifying stress increased

and irrigation

significantly (tables 2, 3 and 4). In each wrigation level
with increasing application of nitrogen phyllochron
decreased significantly so the maximum and mimmum
protein yield were obtained in severe drought stress * 100
kg nitrogen ha™" and optimum irrigation * 220 kg nitrogen
ha™ respectively (table 4). Severe drought stress
increased phyllochron compared to the phyllochron
optimum irrigation condition. The reason of protein yield
increase with increasing severe drought stress was due to
reduction of leaf appearance rate resulting water deficit.
Increasmg plant density levels had sigmficant effect on
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phyllochron and leaf appearance rate so that with plant
density increase, leaf appearance rate decreased but
phyllochron increased (table 3). These results agree with
results of Longnecker ef al. [30]. Albert and Carberry [31]
and Me Cullough [32] in oneself experiments phyllochron
increase attributed to moisture decrease in soil. Hokm Al
pour et al. [8] showed that with increasing plant density,
phyllochron increased but with increasing nitrogen,
phyllochron decreased. Studding table of correlation
coefficients showed that among phyllochron with grain
yield, protein percentage and oil yield negative and
significant correlation (table ).

Leaf Appearance Rate: The results of combined ANOVA
showed that the effect of drought stress, nitrogen, plant
density and wmrigation * mitrogen, urigation * plant
density, nitrogen * plant density and irrigation * nitrogen
* plant density interactions was significant on leaf
appearance rate (table 2). Mean comparison of two-year
showed that leaf appearance rate strongly affected by
water deficit stress and with mtensifying stress decreased
significantly (tables 2, 4, 5, 6 and 7). The maximum and
minimum leaf appearance rate was obtained m optimum
irrigation and severe drought stress respectively (table 7).
Severe drought stress reduced the leaf appearance rate by
30% compared to the leaf appearance rate optimum
irrigation condition. In each level of irrigation with
mcreasing application of mtrogen leaf appearance rate
increased significantly (table 4). Tn each level application
of nitrogen with plant density increase, leaf appearance
rate decreased sigmficantly (table 6). In each level of
irigation the maximum and minimum leaf appearance rate
were obtained from 220 kg nitrogen ha™ *5.55 plant m™
and 100 kg nitrogen ha™ *8.33 plant m™ respectively
(table 7). Ellis et al. [33] reported that if photosynthesis
active radiation become twice, leaf appearance rate
increase 17%. Hokm Ali Pour et al. [8] showed that with
mcreasing nitrogen, leaf appearance rate mereased but
phyllochron decreased. Studding table of correlation
coefficients showed that among leaf appearance rate with
grain yield, protein yield and oil yield had positive and
significant correlation but it had negative and significant
correlation with phyllochron (table 8).

Grain Yield: Results of combined ANOVA showed that
the effect of drought stress, nitrogen and plant density
was significant on grain yield (table 2). With increasing
severe drought stress, grain yield decreased. Increasing
nitrogen application caused grain yield to increase. The
consumption of more quantities of fertilizer at optimum
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irrigation condition caused considerable increase in grain
yield whereas at severe drought stress condition using
more quantities of nitrogen did not increased grain yield.
It seems that this situation results from absorption
reduction and increasing nitrogen waste due to water
deficit in soil. The results of Martin et al. [34] confirm
obtamed results n this survey on mtrogen use efficiency
at drought stress condition. Tncreasing number of plants
per area was accompanied with considerable increase in
grain yield (table 3). Many researchers have pointed to
gram yield increase due to increasing plant density [35,
36]. The most grain yield of about 4679.7 kg ha™ obtained
from the highest density at optimum irrigation treatment
but in moderate and severe drought stress conditions
yield increase due to the increase of density was not
significant. These results are showing that the use
of high densities can be useful at optimum condition.
Liang et al [37] reported that maximum grain yield in
maize need high plant density, more urigation, use of
plenty of fertilizer and meeting temperature requirements.
In low densities grain yield was low due to decreasing
the number of plants per area and increasing nitrogen
was effective to some extent due to the limitation in
capacity of each plant to use nitrogen and therefore
extra nitrogen was not used and remained out of plant
access. By plant density increase, gramn yield per area umt
became more due to the increase in the number of plants
per area.

CONCULUTION

Different levels of Water deficit stress had different
effects on plant. Among the most important results
obtained about application of water deficit stress,
significant reduction of, o1l yield, o1l percentage, protein
yield, leaf appearance rate and grain yield at severe and
moderate stress in comparison with optimum irrigation can
be pointed out. By mereasing nitrogen fertilizer from 100
to 220 kg nitrogen ha™" most of the aforementioned traits
increased sigmificantly. With plant density increase traits
of oil vield, oil percentage, phyllochron and grain yield
increased too but with plant density increase from 5.55 to
8.33 plants per hectare, protein percentage and leaf
appearance rate found out significant reduction.
Combined effects of urigation*nitrogen showed that with
increasing nitrogen, oil yield, protein yield, leaf
appearance rate and gramn yield mcreased. Interaction
between of irrigation*plant density showed that at
optimum irrigation with the increase in plant density, oil

yield, oil percentage, protein yield and grain yield
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increased but at severe drought stress the highest grain
yield obtained from lowest density. Interaction between
of nitrogen*plant density showed that the highest oil
percentage obtained from the lowest level of fertilizer
application and the highest plant density.

The most protein percentage obtained from the
highest fertilizer level. In the Interaction between of plant
density*irrigation*nitrogen the most leaf appearance rate
obtamed from optimum urigation and the highest fertilizer
level and the lowest plant density level.

Therefore, at optimum irrigation condition for
planting sunflower var. Troflor fertilizer treatment of 220 kg
nitrogen ha™"' and plant density of 8.33 plants per m—* and
at drought stress condition fertilizer treatment of 160 kg

nitrogen ha™" and density of 5.55 plants per m~ is®

recominended.
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