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ABSTRACT 
 

To assess the effect of different nitrogen rates, sowing dates and interaction of them on seed yield and some 
morphologic traits (plant height, stem diameter, number of branches per plant, number of heads per plant, 
primary head diameter, secondary head diameter, head diameter and number of seeds per head) of spring 
safflower (Carthamus tinctoriusL.-cv. Sofeh) an experiment was conducted on a three-replicated-randomized 
complete block design with four nitrogen rates (N1= 0, N2= 50, N3= 100, and N4= 150 kg N ha−1) and four 
sowing dates (D1= 6 Mar., D2= 16 Mar., D3= 25 Mar. and D4= 4 Apr. 2010) in Qazvin, Iran during 2010 spring 
growing season. The study indicated that effect of D, N and DxN were significant for all assessed traits at 
P = 0.01. Increasing N rates increased all traits as postponing of sowing date decreased all of them. Study of 
interaction effect of N and D on these traits revealed that the maximum means of them obtained in D1N4 except 
the maximum mean of stem diameter which obtained in D1N3. 
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Introduction 
 
Safflower (Carthamus tinctorius L.) is a strongly 

tap-rooted annual plant belonging to the Asteraceae 
family and is native to the Middle East. Safflower is 
a crop species which is well adapted to dry and salty 
land conditions. This oilseed crop which is mainly 
grown in semiarid regions used as vegetable and 
industrial oil, for spice processing and birdfeed [25]. 
It is also used as a forage plant [11], for medicinal 
purposes and for its colorful petals which are used as 
a food coloring, flavoring agent and preparing textile 
dyes [5]. The importance of safflower as an oilseed 
crop has increased in recent years, especially with the 
increasing interest in the production of biofuels [4]. It 
is usually grown after cereals or fallow in crop 
rotation and can be adapted in organic production 
systems [2]. 

Given that most oilseed crops have an 
indeterminate growth habit, adaptation is influenced 
by tolerance to high temperature and drought stress 
and by crop management such as nitrogen (N) 
fertilization to take advantage of optimum 
environmental conditions for flowering and seed fill 
[8] and [24]. Nitrogen is one of the most important 
nutrients for crop production because it affects dry 

matter production by influencing leaf area 
development and maintenance as well as 
photosynthetic efficiency. Proper nitrogen (N) 
management optimizes seed yield, farm profit, and N 
use efficiency while minimizing the leaching of N 
beyond the crop rooting-zone [19]. N deficiency can 
speed up the time plants require to reach maturity 
and thus can decrease significantly the grain filling 
period. When the grain filling period is longer this 
leads to higher yields and also to better quality [22]. 
Mündel et al. [15] reported that safflower requires 
5 kg/ha of N to produce 100 kg/ha of seed. 

The other key point for optimizing safflower 
productivity in a given location is the choice of the 
appropriate sowing date. Delay on sowing date 
causes flowering period falls in June when 
evapotranspiration reaches high values and the crop 
experiences water stress [22]. Flowering is the most 
sensitive plant stage to water deficit [14]. Moreover, 
various safflower diseases tend to spread and 
intensify towards and after flowering. Therefore, 
plants are subjected to several biotic and abiotic 
stresses during the seed filling period that diminish 
photosynthesis and crop nitrogen uptake limiting 
their production. Thus, it is important for high yield 
that the plant should flower as early as possible. By 
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bringing forward the date of flowering can ultimately 
increase seed yield [4] and [22] and [9]. Despite the 
fact that the safflower is very tolerant to drought, 
seed yield can decrease when late flowering occurs, 
especially when accompanied by water and heat 
stress [22]. 

Therefore, determining optimum sowing time 
and nitrogen rate for growing regions are necessary 
to obtain safflower with high yield and quality. 
Thereforemain objectives of the present study were 
to determine the effect of nitrogen rates and sowing 
date on spring safflower needed to optimize 
cultivation criteria for the production of the 
safflower. 

 
Materials and Methods 

 
The experiment was carried out at the 

experimental farm in Qazvin, Iran (49°57′E, 
36°18′N; 1314 m A.S.L.) during the 2010 spring 
growing season. Qazvin receives average annual 
rainfall of 312 mm. Maximum and minimum 
temperatures are 8.2, 38.7°C in a 30 year period in 
this region. The soil type where the experiment took 
place was a clay loam soil. The soil characteristics 
were determined before experiment which is 
presented in table 1(Table 1). 

 
Table 1: Soil characteristics of the experimental site in Qazvin, Iran where the experiment was conducted 

Characteristic 
Depth (cm) 
0-30 30-60 

Clay (%) 29 27 
Silt (%) 45 46 
Sand (%) 26 27 
Available K (mg kg−1) 165 148 
Available P (mg kg−1) 14.2 15.3 
Total N (%) 0.08 0.06 
Organic carbon (%) 0.83 0.96 
TNV(%) 8.25 8.46 
Sp(%) 35 37 
pH(1:1 H2O) 7.8 7.4 
EC(dS m−1) 1.33 1.15 
Soil texture CL CL 

 
The experimental design was a factorial 

arrangement in the form of randomized complete 
block design with three replications. Treatments were 
included two agents: Nitrogen rate in 4 levels (N1= 0, 
N2= 50, N3= 100, and N4= 150 kg N ha−1) in the form 
of Urea (it was broadcasted to the plots meanwhile) 
and sowing date in 4 levels (D1= 6 Mar., D2= 16 
Mar., D3= 25 Mar., D4= 4 Apr. 2010). Each N 
treatment were applied in three stages: one-third in 2-
4 leaves stage, one-third in stemming stage and one-
third in flowering stage. Each experimental plot 
consisted of 6 rows, 4 m long with 30 cm spaced 
between rows and 5 cm distance between plants on 
the rows. Sofeh (Carthamus tinctorius L.-cv. Sofeh) 
was used as the spring safflower cultivar. Plant 
density was 66.7 seed m−2. P and K were applied at a 
rate of 150 kg P2O5 ha−1 and 100 kg K2O ha−1 pre-
plant in the form of triple superphosphate and K2SO4, 
respectively, and were incorporated in the soil before 
sowing. Seeds were planted according to sowing date 
treatments. The plants were thinned after complete 
emergence in the 6 leaf stage as keeping on rows 
about 5 cm. The final harvest was performed at 
physiological maturity stage when a black layer was 
formed at seed base (11-16 Aug. 2010). Also the 
crop was kept free of weeds by applying 2.5 L 
ha−1Trifluralin pre-plant. 2-3 L ha−1 Bentazon for 
broad leaf weeds control in four leaf stage applied. 

At harvest stage the four middle rows were used 
for sampling. For sampling ten plants from the 

middle of each plot were harvested and following 
parameters were determined: seed yield, plant height, 
stem diameter, number of branches per plant, number 
of heads per plant, primary head diameter, secondary 
head diameter, head diameter and number of seeds 
per head. Seed yield in each plot measured with 14% 
humidity. 

Analyses were performed with a personal 
computer using the MSTATC software. A factorial 
analysis of variance (ANOVA) was performed for all 
parameters. In addition the Duncan’s Multiple Range 
Test (DMRT) (P = 0.05) was used to conduct mean 
comparison of treatments and find significant 
differences among means. 

 
Results And Discussion 

 
Variance components and mean comparisons for 

seed yield, plant height, stem diameter, number of 
branches per plant, number of heads per plant, 
primary head diameter, secondary head diameter, 
head diameter and number of seeds per head are 
presented in table 2 and table 3, respectively. The 
results of factorial analysis of variance (ANOVA) 
revealed that the effect of variance components (D, 
N, DxN) were significant at P = 0.01 for all assessed 
traits (Table 2).The present study indicates that N 
fertilization can affect seed yield and morphologic 
traits of safflower under different temperature 
regimes (Table 3). 

Table 2: Factorial analysis of variance components (nitrogen rate (N), Sowing date (D) and their interaction) for assessed traits 
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VC DF SY PH SD NB/P NH/P PHD SHD HD NS/H 
Replication 2          
Sowing date 3 ** ** ** ** ** ** ** ** ** 
Nitrogen rate 3 ** ** ** ** ** ** ** ** ** 
Nitrogen×Sowing 
date 

9 ** ** ** ** ** ** ** ** ** 

Error 30          
Total 47 - - - - - - - - - 
CV (%) - 3.45 3.20 1.58 2.70 2.02 4.03 4.06 2.61 1.72 

*, ** significant at 5 and 1% respectively, ns: not significant 

 
Table 3: Effects and means comparisons (simple effect) of nitrogen rate and sowing date on assessed traits 

Treatments Mean 

 
SY (kg ha-

1) 
PH (cm) SD (mm) NB/P NH/P PHD (cm) 

SHD 
(cm) 

HD 
(cm) 

NS/H 

Sowing date 
D1 3306a 125.1a 9.975a 6.275a 17.93a 4.400a 3.900a 4.167a 25.99a 
D2 2998b 116.1b 9.450b 5.800b 16.85b 4.125b 3.650b 3.900b 22.67b 
D3 2197c 94.95c 8.800c 4.650c 14.43c 3.300c 2.925c 3.150c 17.40c 
D4 1897d 83.95d 8.150d 4.275d 13.50d 3.075d 2.675d 2.892d 15.84d 
Nitrogen rate (kg ha-1) 
N1 1649d 75.68d 7.350d 3.825d 12.57d 2.800d 2.450d 2.650d 14.39d 
N2 2245c 92.75c 9.000c 4.775c 14.75c 3.475c 3.000c 3.250c 17.90c 
N3 3023b 118.5b 10.27a 5.900b 17.10b 4.100b 3.625b 3.883b 23.25b 
N4 3481a 133.2a 9.750b 6.500a 18.27a 4.525a 4.075a 4.325a 26.23a 

Any two means not sharing a common letter differ significantly from each other at 5% probability 

 
Traits in italic, SY, PH, SD, NB/H, NH/P, PHD, 

SHD, HD and NS/H, are assigned for seed yield in kg 
ha-1, plant height in cm, stem diameter in mm, 
number of branches per plant, number of heads per 
plant, primary head diameter in cm, secondary head 
diameter in cm, head diameter in cm and number of 
seeds per head in cm, respectively. 

Nitrogen fertilization positively affected seed 
yield and all assessed morphologic traits (plant 
height, stem diameter, number of branches per plant, 
number of heads per plant, primary head diameter, 
secondary head diameter, head diameter and number 
of seeds per head). Fertilizing with nitrogen is one of 
the most important factors effects determining yield 
due to its multi-dimensional effects on the growth 
and development of safflower [10]. Significant 
increases observed in seed yield and all assessed 
morphologic traits by increasing N rates 
althoughstem diameter increase was observed by 
increasing N rate up to 100 kg N ha−1 and by 
applying the highest level of N (150 kg N ha−1) 
decreased again which shows high levels of N has a 
negative impact on stem diameter. Maximum seed 
yield (3481 kg ha−1) obtained by applying 150 
kg N ha−1 and minimum seed yield (1649 kg ha−1) 
obtained by applying 0 kg N ha−1 (table 3). 
Generally, in most previous studies seed yield was 
increased by N fertilization at different rates 
depending on the experiment.One possible reason 
which can explain the difference between our data 
and those reported by other authors is the use of 
different cultivars that respond to high rates of N and 
can increase seed yield. Dordas and Sioulas [3] 
reported that nitrogen fertilization increased seed 
yield by average of 19%. However, Strasil and 
Vorlicek [21] reported there was no yield increase 

with N fertilization. Siddiqui and Oad [19] reported, 
under field conditions in Pakistan, an increase in N 
rates significantly prolonged crop maturation and 
increased plant height. According to Weiss (1971) 
excess of N can delay flowering by producing more 
secondary and tertiary branches. Dordas and Sioulas 
[4] reported that nitrogen fertilization increased 
number of heads per plant by average of 32%. Strasil 
and Vorlicek [21] reported that N fertilization did not 
affect number of heads per plant which disagree with 
our study that addition of N significantly increased 
number of heads per plant. Other studies [24] and [1] 
indicated that an increase in N rate increased seed 
yield by producing more heads/plant. According to 
Dordas and Sioulas [3] seeds per plant reacted 
favorably with N rates (0, 100, 200 kg N/ha) under 
rainfed conditions in Greece. 

The effect of sowing time on seed yield and all 
assessed morphologic traits was statistically 
significant. The plants were sown in early April had 
the lowest seed yield and morphological traitsmeans. 
Maximum seed yield (3306 kg ha−1) obtained in D1 
and minimum seed yield (1897 kg ha−1) obtained in 
D4 (table 3). The studies by other researchers showed 
low reduced grain yield to delay in planting date [17] 
and [18]. [7] compared different dates and showed 
that delay in planting date result in low grain yield. 
Reduction of canopy size less then ideal limit and 
short growth periods are among most important 
reasons for low grain yield in delayed planting dates 
[6]. Omidi and Sharifmogadas [16] reported plant 
height became decreased in late planting time. 
Hocking and Stapper [6] and Miralles et al. [12] 
consider shortening of vegetative growth as a factor 
in reduced plant height. It seems that in early 
planting date due to longer vegetative period, more 
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branches were produced. The number of head in each 
branch increase with increasing reproductive period. 
It is clear that correspondence of flowering period 
with more optimum temperature and better 
pollination are the reasons for high number of grain 
per head. Reduced number of grain per head can be 
attributed to shorten vegetative growth period, lower 
amounts of carbohydrates and minerals, as well as 
material delivery to grain [14]. 

Study of Interaction effect of N and D onseed 
yieldand morphological traits revealed that the 
highest seed yield, plant height, number of branches 
per plant, number of heads per plant, primary head 
diameter, secondary head diameter, head diameter 
and number of seeds per headobtained in D1N4 by 
average of 4175 kg ha−1, 154.8 cm, 7.500, 20.60, 
5.200 cm, 4.700 cm, 4.967 cm, 34.17, respectively 
and the highest stem diameter obtained in D1N3 by 
average of 11.60 mm (Figs. 1-9).

 
 

 
Fig. 1: Interaction effect of N rate and sowing date on seed yield (kgha-1) 

 

 
Fig. 2: Interaction effect of N rate and sowing date on plant height (cm) 

 

 
Fig. 3: Interaction effect of N rate and sowing date on number of branches per plant 
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Fig. 4: Interaction effect of N rate and sowing date on number of heads per plant 

 

 
Fig. 5: Interaction effect of N rate and sowing date on primary head diameter (cm) 

 

 
Fig. 6: Interaction effect of N rate and sowing date on secondary head diameter (cm) 

 

 
Fig. 7: Interaction effect of N rate and sowing date on head diameter (cm) 
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Fig. 8: Interaction effect of N rate and sowing date on number of seeds per head 

 

 
 
Fig. 9: Interaction effect of N rate and sowing date on stem diameter (mm) 

 
Conclusion: 

 
Nitrogen fertilizer and sowing date are two key 

points in crop management to optimizing 
productivity. Crops response differently to different 
N rates and sowing dates. This study provides new 
information about the effect of N rates and sowing 
date on seed yield and some morphologic traits (plant 
height, stem diameter, number of branches per plant, 
number of heads per plant, primary head diameter, 
secondary head diameter, head diameter and number 
of seeds per head) in spring 
safflower(Carthamustinctorius L.-cv. Sofeh). In our 
study 1: increasing N rates increased all traits as 2: 
postponing of sowing date decreased all of them. 
Study of interaction effect of N and D on these traits 
revealed that 3: the maximum means of them 
obtained in D1N4 except the maximum mean of stem 
diameter which obtained in D1N3. As we see, the 
earlier sowing date in spring with adequate rates of N 
but not too much can positively affect many traits in 
spring safflower. The response of the assessed traits 
to N rates and sowing date can be used to suggest 
management strategies for safflower cultivation 
however we should note that the most appropriate 
suggestion base on studies depend on our goal to 
produce a specific crop such as safflower. 
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