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ABSTRACT 
 
This investigation was carried out at the Agriculture Research Station, King Abdul-Aziz University at Hada AL-Sham, Jeddah, 

Saudi Arabia during 2016/2017 and 2018/2018 seasons. Four nitrogen fertilizer rates (46, 92, 138and 184 kg N/ha) and three 

plant densities (250,000, 125,000 and 83,333plants/ha) were applied and tested on safflower seed yield, yield components and 

quality in a split plot design. The obtained results showed that as nitrogen fertilizer rate increased up to 138 kg N/ha saff lower 

seed yield and yield components significantly increased. No significantly difference was found between 138 kg N/ha and 184 kg 

n/ha in seed yield/ha. Plant density of 83,333 plants / ha was the highest in seed yield/ha, yield components, protein and oil 

contents of seeds compared with 250,000 plants/ha and 125,000 plants/ha. Increasing nitrogen fertilizer rate significantly 

increased protein content and decreased oil content of safflower seed.  
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INTRODUCTION 

 Safflower is an edible oil crop and oil extracted from safflower is rich in unsaturated fatty acids (oleic and 

linoleic acids) and low in saturated fatty acids (stearic and palmitic acids). A sufficient amount of nitrogen is to 

be supplied for a plant to achieve optimum growth, yield and high-quality production [1]. Nitrogen is the main 

nutrient that affects the growth, yield and quality of safflower [2] [3]. Nitrogen fertilizers significantly increase 

seed weight/plant and other yield components [4] [5] [6], [7] and [8].  When the nitrogen fertilizer rate is 

increased, there is a significant increase observed in seed yield and protein content of safflower [9] and [10]. 

The plant density and nitrogen fertilizer rate significantly affect the growth parameters, seed yield and yield 

attributes. The number of branches and heads/plant significantly increased as the plant density decreased [11]. 

Plant density significantly affects safflower yield. 80,000 safflower plants/ha increased seed yield /plant and 

pre-hectare [12]. High plant density increases the seed yield [13] and oil content [14]. Other studies stated that 

the high plant density decreased the number of branches/plants, heads / plant and seed yield / ha. When the plant 

density increased, it resulted in decreased seed yield and oil yield /ha [15]. 

 

This study was conducted to improve safflower seed yield, oil and protein contents under the arid land 

conditions through determination the best nitrogen fertilizer rate and plant density.  

http://creativecommons.org/licenses/by/4.0/
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MATERIALS AND METHODS 

Location and treatments of the Experiment 

This study was carried out at the Agriculture Research Station, King Abdulaziz University at Hada AL-Sham, 

Jeddah, Saudi Arabia during 2016/2017 and 2017/2018 seasons. A split plot design with 4 replicates was used in 

this study. The main plot treatments were 4 nitrogen fertilizer rates (46, 92,138 and184 kg N/ha) while the Sub 

plots were occupied with 3 plant densities (S1: 250,000, S2: 125,000 and S3: 83.333 plants /ha). Safflower 

cultivar of Giza-101 was used in this study. Sub plot consisted from 10 rows with 40 cm as a row spacing. The 

plant spacing within the raw were 10, 20 and 30 cm for the S1, S2 and S3 plant densities, respectively. 

The soil of the experiment was sandy loam with sand (70.85%), nitrogen level equal 1320 mg kg -1soil, 

phosphorus (30 mg kg -1soil), potassium (286 mgkg -1soil) and 1.32 % organic matter as a result of the soil 

analysis according to [16]. The cultural practices of the crop were done according to [17]. Total chlorophyll 

(mg/g), was extracted from the fresh leaves of each sub plot sample by acetone (80%). The spectrophotometer 

readings of the samples were measured using Spectrophotometer (Spectrophotometer Model 6120, Perkin-

Elmer) at wavelength 663 nm. The equations of [23] were used to calculate the total chlorophyll concentrations 

(mg/g) in the leaves. Also, the following characteristics were measured: number of heads/plants, seed weight 

/plant (g), seed yield/ha (t), oil content of the seeds using Soxhlet apparatus using N-Hexane (60C) as an organic 

solvent [18] and seed protein content using Kjeldahel instrument [18].  

 

Statistical Analysis 

The obtained data of the 2 seasons were statistically analyzed through analysis of variance (ANOVA) then the 

means of the traits under the main factors and interaction treatments were separated and statistically compared 

using Revised Least Significance Difference test (RLSD) according to [19] using [20] SAS (2014). 

 

RESULTS  

Effect of nitrogen Fertilizer Rates 

Total chlorophyll of leaves 

The total chlorophyll of safflower leaves positively affected by increasing Nitrogen fertilizer rate up to 138 kg 

N/ha with significant differences between the rates of 46, 92 and 138 kg N/ha. No significant differences was 

found between total chlorophyll content of leaves under 138 kg N/ha and 184 kg N /ha in both seasons. Total 

chlorophyll contents ranged from 1.51 to 1.78 mg/g in the first season and from 1.51 to 1.77 mg/g in the second 

season (Table1). 

 

Number of heads per plant  

The highest no. of heads /plant were showed under the 184 kg N/ha without insignificant difference with 138 kg 

N/ha in both seasons. The lowest no. of heads / plant were detected under the 46 kg N/ha in both seasons. No. of 

heads / ha ranged from 20.20 to 14.93 heads / plant in the 1st season and from 18.08 to 13.11 heads / plant in the 

second season (Table 1). 

 

Seed weight per plant  

The obtained data of Table (1) showed insignificant differences were found between the 138 kg N/ha and 184 

kg N/ha in seed weight /plant in both seasons. In addition, no significant difference was showed between seed 

weight / plant under the 46 kg N/ha and 92 kg N/ha in both seasons. The highest seed weight / plant were 18.70 

g and 15.87 g /plant in the 1st and 2nd seasons, respectively. The lowest seed weights/ plant were 16.08 g and 

12.95 g / plant in the 2 seasons, respectively. 

 

Table 1. Means of total chlorophyll content of leaves (mg/g), no. of heads / plant and seed weight / plant (g) of 

safflower under the effect of four nitrogen rates during 2016/2017 and 2017/2018 seasons. 

Means Nitrogen 

fertilizer rate 

(Kg N/ha) 
Seed weight/ plant 

(g) 

No. of heads/plant Total chlorophyll content 

(mg/g) 

2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 

12.95 b 16.08 b 13.11 c 14.93 c 1.51 c 1.51 c* 46 

13.05 b 16.73 b 16.03 b 17.91 b 1.57 b 1.58 b 92 

15.25 a 17.75 a 16.95 ab 17.99 ab 1.73 a 1.73 a 138 

15.87 a 18.7 a 18.08 a 20.20 a 1.77 a 1.78 a 184 

1.42 1.16 1.38 2.23 0.02 0.06 RLSD(0.05) 

*Means followed by different letter are significantly different according to RLSD at P ≤ 0.05. 



3 
Albogami, M.G et al., 2018. Effect of Nitrogen Fertilizer Rates and Plant Densities on Safflower (Carthamus 

tinctorius L.) yield and Quality under Arid Land Conditions/ American-Eurasian Journal of Sustainable 

Agriculture. 12(4) October-December 2018, Pages: 1-6. DOI: 10.22587/aejsa.2018.12.4.1 

 

 

Seed yield per hectare  

Significant differences were showed between seed yield / ha under the 3 nitrogen fertilizer rates of 46, 92 and 

138 kg N /ha, but no significant differences were found between the 138 kg N/ ha and 184 kg N /ha in both 

seasons. Seed yield /ha ranged from 3.22 t /ha to 1.92 t /ha in the first season and from 3.01 t /ha to 1.34 t /ha in 

the second season under 138 kg N /ha and 46 kg N / ha, respectively (Table 2). 

 

Oil content 

The statistical comparisons of seed oil content mean under the four nitrogen fertilizer rates in the 2 studied 

seasons showed that the highest oil contents were 36.53 % and 36.25% under the 92 kg N /ha in the first and 

second seasons, respectively and significant difference from the others nitrogen rates. The lowest oil contents 

were showed under the 184 kg N/ha in both seasons with values of 34.13% and 34.88% in the first and second 

seasons respectively as show in (Table 2). 

 

Protein content 

The obtained results of seed protein contents under the four nitrogen fertilizer rates in both seasons (Table 2) 

revealed that as nitrogen fertilizer rate increased, protein content significantly increased. Protein content ranged 

from 14.28% to 16.89 % in the first seasons and from 14.47% to 16.54% in the second seasons under 46 kg N/ 

ha and 184 kg N / ha, respectively.    

      

Table 2. Means of seed yield / ha (t), seed oil content (%) and seed protein content (%) of safflower under the 

effect of four nitrogen rates during 2016/2017 and 2017/2018 seasons. 

Means Nitrogen 

fertilizer rate 

(Kg N/ha) 
Protein content 

(%) 

Oil content 

(%) 

Seed yield / ha  

(t) 

2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 

14.47 d 14.28 d 35.03 c 34.55 c 1.34 c 1.92 c * 46 

15.11 c 15.33 c 36.25 a 36.53 a 2.60 b 2.87 b 92 

16.08 b 16.09 b 35.85 b 35.01 b 3.01 a 3.29 a 138 

16.54 a 16.89 a 34.88 d 33.13 d 2.85 a  3.22 a 184 

0.14 0.071 0.11 0.17 0.21 0.22 RLSD (0.05) 

*Means followed by different letter are significantly different according to RLSD at P ≤ 0.05. 

 

Effect of plant density  
Total chlorophyll 

The presented data in (Table 3) showed that as plant density increased total chlorophyll in safflower leaves 

significantly increased in both seasons. The highest total chlorophyll were 1.68 mg/g and 1.69 mg/g under 

83,333 plants / ha, while the lowest total chlorophyll were 1.62 mg/g and 1.58 mg mg/g under 250,000 plants / 

ha in both seasons, respectively. 

 

Seed yield and yield components 

The statistical comparisons between the means of seed yield or yield components (number of heads / plant and 

seed weight / plant) showed that the highest seed yield in both seasons were produced from the lowest plant 

density and the lowest seed yield were produced from the highest plant density in both seasons. The highest seed 

yield / ha in the 1
st 

and 2
nd

 seasons were 2.83 t / ha and 2.52 t /ha, respectively. The lowest seed yield /ha were 

2.45 t /ha and 2.38 t /ha in the 1
st
 and 2

nd
 seasons, respectively (Table 4). Number of heads / plant and seed 

weight/ plant significantly increased as plant density decreased. The highest number of heads / plant in both 

seasons were 20.52 and 18.42 under 83, 333 plant density and the lowest number of heads / ha in both seasons 

were 14.20 and 13.54 under 250,000 plants /ha. In addition, the highest seed weight / plant were showed under 

the lowest plant density and the lowest seed weight / plant was found under the highest plant density in both 

seasons. Seed weight / plant ranged from 13.92g to 20.5g / plant and from 13.47g to 14.86g / plant in the first 

and second seasons, respectively (Table 3).    
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Table 3 Means of total chlorophyll (mg/g), no. of heads/plant and seed weight/ plant (g) of safflower under the 

effect of three plant density during 2016/2017 and 2017/2018 seasons. 

Means Plant 

density 

(plants/ha) 

 

Seed weight/ plant 

(g) 

No. of heads/plant Total chlorophyll 

2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 

13.47 b 13.92 c 13.54 c 14.20 c 1.58 c 1.62 c * 250,000 

14.51 a 17.62 b 16.18 b 17.52 b 1.64 b 1.65 b 125,000 

14.86 a 20.51 a 18.42 a 20.52 a 1.69 a 1.68 a 83,333 

1.09 1.87 1.83 0.71 0.02 0.021 RLSD (0.05) 

*Means followed by different letter are significantly different according to RLSD at P ≤ 0.05. 

 

Table 4. Means of seed yield / ha (t), oil content (%) and protein content (%) of safflower under the effect of 

plant density during 2016/2017 and 2017/2018 seasons. 

Means Plant  

density 

(plants/ha) 

 

Protein content 

(%) 

Oil content 

(%) 

Seed yield / ha 

 (t) 

2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 

15.34 c 15.45 c 34.95 c 34.50 c 2.38 c 2.45 c* 250,000 

15.55 b 15.61 b 35.43 b 34.89 b   2.45 b 2.58 b 125,000 

15.77 a 15.89 a 36.14 a 35.03 a 2.52 a 2.83 a 83,333 

0.09 0.051 0.09 0.13 0.06 0.08 RLSD (0.05) 

*Means followed by different letter are significantly different according to RLSD at P ≤ 0.05 

 

Effect of the interaction between nitrogen fertilizer rate and plant density 

The presented results of the studied traits under the interaction treatments between nitrogen fertilizer rates and 

plant density (Tables 5 and 6) showed no significant differences were showed between the 12 interaction 

treatments for the six studied traits. Total chlorophyll content ranged from 1.79 mg /g to 1.47 mg /g in the first 

season and from 1.79 mg/g to 1.45 mg /g in the second season. Number of heads / plants ranged from 23.40 to 

12.38 and from 21.25 to 12.56 in both seasons, respectively. Seed weight /plant ranged from 21.18 to 12.84 and 

from 16.94 to 12.88 in the 1
st
 and 2

nd
 seasons, respectively. 

 

Table 5. Means of total chlorophyll (mg/g), no. of heads/plant and seed weight/ plant (g) of safflower under the 

effect of the interaction between nitrogen fertilizer rate and plant density during 2016/2017 and 2017/2018 

seasons. 

Means  

Plant 

density 

(plants/ha) 

 

 

Nitrogen 

fertilizer rate 

(KgN/ha) 

 

Seed weight/ plant 

(g) 

No. of heads/plant Total chlorophyll 

(mg/g) 

2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 

12.99 12.84 12.50 12.38 1.45 1.47 250,000 46 

12.88 17.97 12.57 15.98 1.52 1.52 125,000 

12.99 17.43 14.28 15.98 1.57 1.55 83,333 

13.36 11.90 13.43 15.66 1.52 1.55 250,000 92 

12.35 19.29 16.12 17.46 1.58 1.58 125,000 

13.43 18.99 18.53 20.26 1.63 1.63 83,333 

13.54 14.29 13.98 14.02 1.68 1.70 250,000 138 

16.14 20.03 17.28 18.45 1.72 1.73 125,000 

16.074 18.92 19.60 21.50 1.78 1.76 83,333 

14.00 14.64 14.25 15.05 1.67 1.76 250,000 184 

16.68 21.18 18.73 22.16 1.76 1.78 125,000 

16.94 18.68 21.25 23.40 1.79 1.79 83,333 

NS NS NS NS NS NS RLSD (0.05) 

NS: not significant according to RLSD at P ≤ 0.05 
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Seed yield /ha ranged from 3.33 t/ha to 1.86 t/ha and from 3.29 t/ha to 1.01 t/ha in the first and 2
nd 

seasons, 

respectively. Oil content ranged from 35.15% to 33.87% in the first season and from 37.03 % to 34.39 % in the 

second season. Protein content ranged from 17.25 % to 14.04 % in the first season and 16.76% to 14.33% in the 

second season as shown in (Table 6).   

 

Table 6. Means of Seed yield / ha (t), oil (%) and Protein content (%) of safflower under the effect of the 

interaction between nitrogen fertilizer rate and plant density during 2016/2017 and 2017/2018 seasons. 

Means Plant 

density 

(plants / 

ha 

 

Nitrogen 

fertilizer 

rate 

(Kg N/ha) 

 

Protein content 

    )%( 

Oil   

    )%(       

Seed yield / ha 

 (t) 

2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 

14.33 14.04 34.39 33.87 1.88 1.86 250,000 46 

14.47 14.29 34.94 34.61 1.12 1.90 125,000 

14.62 14.52 35.75 35.18 1.01 1.98 83,333 

14.92 15.24 35.64 36.27 2.19 2.84 250,000 92 

15.09 15.33 36.11 36.59 2.72 2.84 125,000 

15.34 15.41 37.03 36.71 2.89 2.93 83,333 

15.84 15.93 35.33 34.82 2.86 3.27 250,000 138 

16.05 15.96 35.82 35.15 3.86 3.30 125,000 

16.36 16.39 36.40 34.99 3.29 3.33 83,333 

16.26 16.57 34.44 33.05 2.60 3.33 250,000 184 

16.59 16.85 34.84 33.14 3.08 3.27 125,000 

16.76 17.25 35.38 33.21 2.86 3.08 83,333 

NS NS NS NS NS NS RLSD(0.05) 

NS: not significant according to RLSD at P ≤ 0.05 

 

DISCUSSION 

The results of the current study revealed that based on increased nitrogen fertilizer (up to 138 kg /ha) there was a 

significant increase in seed yield /ha but there was no significant difference from 184 kg N/ha. These results 

might be due to the positive effect rendered by nitrogen fertilizer on total chlorophyll content of the plant leaves 

and leaf area/plant which reflected in the increased photosynthesis rate of plants and finally the increased 

growth rate of plants [2] and [3]. In addition, increased nitrogen fertilizer rate significantly increased the seed 

yield components such as number of branches/plants, number of heads/plants, seed weight/plant and 100-seeds 

weight which reflected in increased seed yield/ha [1] [4] [6]. With regards to the positive effects rendered by 

increased nitrogen fertilizer rate on seed protein and oil contents, the study also showed that the protein content 

has increased in seeds whereas the oil content got decreased. This might be due to the role played by nitrogen as 

a main component in the production of amino acids, the basic element of proteins [1], [6]. The negative 

relationship between protein and oil contents was confirmed with earlier studies ([21] [22] [9].  With regards to 

the effects of plant density on safflower yield and quality, the results showed that as the plant density decreased, 

the seed weight/plant and seed yield/ha got significantly increased. This might be due to the compensation effect 

through increased seed yield components especially due to the increased number of branches/plants, number of 

heads/plant and seed weight/plant in the low plant density as a result of the wide plant spacing, high leaf area 

and high photosynthesis rate [11] [13]. With increased photosynthesis rate, there was an automatic increase in 

protein and oil processing [14] and [21].   

 
CONCLUSION 

The results obtained from the study concluded that increased nitrogen fertilizer rate significantly increased the 

safflower seed yield and yield components up to 138 kg N/ha. The plant density of 83,333 plants / ha was the 

highest in seed yield/ha, yield components, protein and oil contents of seeds when compared with 250,000 

plants/ha and 125,000 plants/ha. Increased nitrogen fertilizer rate significantly increased the protein content and 

decreased the oil content of safflower seeds. 
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