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ABSTRACT 
 
This study was carried out at Agriculture Research station, King Abdul-Aziz University at Hada AL-Sham, Jeddah, Saudi Arabia 

during 2016/2017 and 2017/2018 seasons. The effects of three different plant spacing i.e., ‘hill spacing’ (10, 20 and 30cm) and two 

plant topping treatments (without topping and with topping) were investigated on safflower yield and quality in a split plot design with 

four replicates. The results showed that the 30 cm-hill spacing produced highest volumes of seed yield/ha and high attributes for 

chlorophyll and oil contents, while the 10 cm-plant spacing produced the tallest plants. Seed yield/ha under the three plant spacing 

were 2.83, 2.58 and 2.48 t/ha under 30cm, 20 cm and 10 cm plant spacing during the first season and 2.59, 2.39 and 2.25 t/ha under the 

same spacing treatments during the second season. The plant topping significantly increased the seed yield, yield components and oil 

(%). The means of seed yield/ ha were 2.81 and 2.54 t/ha under topping in the first and second seasons, respectively and in the second 

season the yield were 2.54 and 2.27 t/ha, respectively. Without topping, the total chlorophyll values were significantly higher than with 

topping. The highest oil content in the seed was found under topping.  
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INTRODUCTION 

 

 Safflower (Carthamus tinctorius L) is one of the most important oil crops in the world and is cultivated as 

cash-crop under different stress types such as high salinity, hard water and water stress. It is a tolerant field crop 

for water stress [1][2][3]. Safflower oil is an important edible oil consumed by human beings and is 

characterized by its high-quality properties. It is high in unsaturated fatty acids, especially linoleic acid (Omega 

6-omega 3) and less saturated fatty acids, palmitic acid and stearic acid [1][4]. Safflower seed residue is used as 

animal feeder after oil extraction. The flower petals are used as natural dye in food industry whereas the plants 

are consumed as seedling in some countries. The growth, yield and yield components of Safflower get 

significantly affected by plant and row spacing. In the literature, the number of branches and heads/plant got 

significantly increased when the plant spacing was increased [5][6]. Previous studies have mainly focused on 

row spacing and plant density of medicinal plants such as thyme [7]. Moreover, few other studies showed 

significant impact in safflower seed yield, plant height, number of branches and heads/plant, but there is no 

significant impact in oil content. The wide plant spacing led to higher number of branches and heads/plant 

[8][9]. Plant topping in safflower reduced the plant height significantly but the number of branches, number of 

heads/plant and protein content were significantly increased [10] [11].   
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MATERIAL AND METHOD 

Location and treatments of the Experiment 
The study was carried out at the Agriculture Research Station, King Abdulaziz University at Hada AL-Sham, 

Jeddah, Saudi Arabia during 2 successive seasons 2016/2017 and 2017/2018 seasons. The study was conducted 

on Safflower (Giza-101 cultivar) in a split plot design with 4 replicates. The main plot treatments were 3 plant 

spacing (10, 20, and 30cm) between each 2 hills within the raw. Each hill was one plant. The sub plots were 

occupied with 2 plant topping treatments [without topping (T0) and with topping (T1)]. Sub plot area was 3.2m 

length and 2 m width and row spacing was 40cm. Soil of the experiment was analyzed before planting [12] The 

soil was sandy loam with sand (70.85%), nitrogen level equal 1320 mgkg 
-1

soil, phosphorus (30 mgkg 
-1

soil), 

potassium (286 mgkg 
-1

soil) and 1.32 % organic matter. The cultural practices of the crop were done according 

to [13]. Total chlorophyll for fresh leaves (mg/g), where the total chorophyll was extracted from the fresh leaves 

of each sample by aceton (80%). The spectrophotometer readings of the samples were measured using 

Spectrophotometer (Spectrophotometer Model 6120, Perkin-Elmer) at wave length 663 nm. The equations of 

[14] 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), and oil content 

of the seeds [15]. 

  

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

means were separated and statistically compared using revised least significance difference (RLSD) according 

to [15] using [16] SAS (2014). 

 

RESULT AND DISCUSSION 

 

1. Effect of plant spacing 

1.1 Pant height 

The presented data of Table (1) showed that the plant height significantly decreased as plant spacing increased 

from 10 – 30 cm in both seasons except between 10 and 20 cm no significant difference was showed. Plant 

height ranged from 117.32 cm to 107.64 cm in the first season and from 106.83 cm -98.07 cm in the second 

season. 

 

1.2. Seed yield components  

The studied seed yield components were no. of head/plant, and seed weight/ plant. Significant differences were 

found between the three studied plant spacing in both seasons. The wider spacing (30cm) produced the highest 

no. of heads/plant in the first season (20.52) and second season (18.8), followed by numberof heads/plant was 

under 10 cm plant spacing (14.2 and 14.53, respectively) as shown in Table (1). Significant differences were 

found between the seed weight/plant means under the different studied spacing in both seasons. The means of 

seed weight /plant were 20.51 g – 13.92 g/plant in the first season and from 19.45 g – 13.96 g/plant in the 

second season under 30cm and 10 cm plant spacing, respectively (Table1). 

 

Table 1. Means of plant height (cm), no. of heads/plant and seed weight/ plant (g) of Safflower under the effect 

of three-plant spacing during 2016/2017 and 2017/2018 seasons. 

Means Plant 

Spacing 

(cm) 
Seed weight/ plant 

(g) 

No. of heads/plant Plant height(cm) 

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

13.96 c 13.92 c 14.53 c 14.2 c 106.83 a 117.32 a* 10 

17.51 b 17.62 b 16.43 b 17.52 b 105.01a 110.88 b 20 

19.45 a 20.51 a 18.8 a 20.52 a 98.07b 107.64 b 30 

1.09 1.87 1.83 0.71 4.83 5.74 RLSD 

(0.05) 

*Means followed by different letter are significantly different according to RLSD at P ≤ 0. 

 



34 
Plant Spacing and Topping and their Interaction affecting Safflower (Carthamus tinctorius L.)/ AMERICAN-

EURASIAN JOURNAL OF SUSTAINABLE AGRICULTURE. 12(3) July 2018, Pages: 32-37 

 

 

1.3 Seed yield /ha 
As plant spacing increased seed yield/ha significantly increased in both seasons. Seed yield /ha ranged from 

2.83t/ha under 30 cm – 2.48 t/ha under 10 cm in the first season and from 2.59 t/ha – 2.25 t/ha in the second 

season under 30cm and 10 cm plant spacing, respectively (Table 2). 

 

1.4 Total Chlorophyll content  
Significant difference was detected between 10,20and 30cm in total chlorophyll content in both seasons. Total 

chlorophyll contents were 1.68, 1.65 and 1.62 mg/g leaves under 30, 20 and 10 cm plant spacing in the first 

season, respectively. In the season, total chlorophyll content ranged from 1.69 mg/g to 1.58 mg/g leaves as 

shown in Table (2). 

 

1.5. Oil content (%)  

Significant differences were showed between oil contents under the three-plant spacing in both seasons.  The 

wider spacing produced the highest oil content in both seasons and the small spacing produced the smallest oil 

content in the seed. Oil content ranged from 35.03 % – 34.50 % in the first season and from 36.14 %– 34.95 % 

in the second season (Table 2). 

 

Table 2. Means of seed yield / ha (t), total chlorophyll content (mg/kg) and oil content (%) of Safflower under 

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

Means Plant 

Spacing 

(cm) 
Oil 

(%) 

 Total chlorophyll 

content(mg/kg) 

Seed yield / ha (t) 

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

34.95 c 34.50 c 1.58 c 1.62 c 2.25 c 2.48 c* 10 

35.43 b 34.89 b 

 

1.64 b 1.65 b 2.39 b 2.58 b 20 

36.14 a 35.03 a 

 

1.69 a 1.68 a 2.59 a 2.83 a 30 

0.09 0.13 0.02 0.025 0.08 0.08 RLSD 

(0.05) 

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

 

2. Effect of plant Topping 

The statistical comparison between the means of the studied traits under without plant topping and topping were 

presented in Table (3). The results showed that plant topping significantly increased all traits except plant height 

more than without topping in both seasons.  Seed weight/plant were 18.06 and a7.63 under topping in first and 

second seasons, respectively while without topping seed weight/plant in the two seasons were 16.63 and 16.18 

g/plant, respectively. Seed yield/ha positively responded to topping, where under topping seed yield/ha were 

2.81 and 2.54 t/ha in the two seasons, respectively and without topping were 2.44 and 2.27 t/ha, respectively. As 

well as oil content in the seeds positively responded to topping. Significantly difference was found between 

topping and without topping in oil (%). Oil content means were 34.84 %, 35.69% with topping in the first 

season and 34.77 % and 35.32% without topping in the second season (Table 4).  

 

Table 3. Means of plant height (cm), no. of heads/plant and seed weight/ plant (g) of Safflower under the effect 

of plant topping during 2016/2017 and 2017/2018 seasons. 

Means Plant 

topping 

 
Seed weight/ plant(g) No. of heads/plant Plant height(cm) 

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

16.18 b 16.63 b 14.98 b 16.27 b 106.88 a 116.85a* Without 

topping 

 

17.63 a 18.06 a 18.20 a 18.95 a 99.75 b 107.04 b With 

topping 
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1.02 1.69 1.61 0.64 4.88 4.75 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), total chlorophyll content (mg/kg) and oil content (%) of Safflower under 

the effect of plant topping during 2016/2017 and 2017/2018 seasons. 

Means Plant 

topping 
Oil 

(%) 

Total chlorophyll content 

(mg/kg) 

Seed yield / ha (t) 

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

35.32 b 34.77 a 1.68 a 1.69 a 2.27 b 2.44 b Without 

topping 

 

35.69 a 34.84 a 1.61 b 1.62 b 2.54 a 2.81 a With 

topping 

 

0.078 0.12 0.02 0.02 0.096 0.034 RLSD 

(0.05) 

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

 

3. Effect of the Interaction between plant spacing and Topping. 
3.1 plant height 
No significant differences were showed between plant height means under the interaction between plant spacing 

and topping treatments during both seasons. Plant height ranged from121 to 103.62 cm under 10 cm spacing 

without topping and 30 cm spacing with topping in the first season and from 110.9 cm to 95.16 cm in the second 

season under the last treatments respectively (Table 5).  

 

3.2. Seed yield components 

3.2.1. No of heads /plant 
Significant differences were found between no. of heads/plant under the interaction between plant spacing and 

topping. The treatment of (30cm spacing and topping) significantly produced the highest no. of heads/plant 

(22.22 and 20.55  in the two successive seasons, respectively) followed by (20cm in topped plants) , while the 

lowest no. of heads / plant (13.35  and 13.58) were produced from un- topped plants in 10 cm plant spacing in 

both seasons (Table 5). 

 

3.2.2. Seed weight / plant 
The interaction treatments significantly affected seed weight/plant. As number of heads / plant,  the (topped 

plants in 30 cm) produced the highest seed weight/plant while the lowest seed weight/plant was obtained from 

the treatment of (topped plants in 30 cm). Seed weight/plant ranged from 20.67 g – 12.51 g in the first season 

and from 19.75 g to 12.72 g in the second season (Table 5). 

 

3.3. Seed yield / ha 
Significant differences were showed between the interaction treatments in seed yield / ha. The highest seed yield 

/ ha (2.91 t /ha, 2.64 t/ha) was produced from the topped plants in 30cm plant spacing followed by topped plants 

in 20cm (2.80 and 2.09 t/ha) in the 2 seasons, respectively. The lowest seed yield / ha in both seasons (2.22t/ ha, 

2.09 t/ha) were produced from the un-topped plants in 10cm plant spacing. 

 

3.4. Total chlorophyll content of the leaves 
No significant differences were showed between the 6 interaction treatments as for the total chlorophyll content 

in both seasons. It ranged from 1.95 mg/g – 1.62 mg/g in the first season and from 1.73 mg/g – 1.55 mg/g in the 

second season (Table 6). 

 

3.5. Seed oil content (%) 

Significant differences were found between the oil contents (%) under the interaction treatments in both seasons. 

Oil (%) ranged from 35.04 % from the topped plants in 30cm to 34.38% from un-topped plants in 10cm in the 

first season and from 36.42 % to 34.81 % under the same last treatments in the second season (Table 6). 
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The results showed that as the plant spacing increased, the seed yield and yield components also got 

significantly increased. These results might be due to the fact that wider spacing positively affects the number of 

branches/plants, number of heads/plants, and seed weight/plant which increased as the plant spacing got 

increased. The increase in the seed yield components under wide plant spacing positively reflected on seed 

yield/ha [5][6][7][8][9]. 

 

The compensation effects by increasing number of branches and heads/plant under wide spacing from topped 

plants reflected in the increase of seed weight/plant and accordingly the seed yield/ha when compared to narrow 

spacing between the plants as mentioned in the literature [5][10][11]. 

 

Table 5. Means of plant height (cm), no. of heads/plant and seed weight/ plant (g) of Safflower under the effect 

of the interaction between plant spacing and topping during 2016/2017 and 2017/2018 seasons. 

Means Plant 

topping) 

 

Plant 

Spacing 

(cm) 

Seed weight/ plant 

(g) 

No. of heads/plant Plant height(cm) 

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

12.72 12.51 13.58 13.35 110.9 121.00 Without 10 

15.19 15.32 15.48 15.21 102.73 113.62 With 

16.67 17.04 14.28 15.60 108.74 117.88 Without 20 

18.35 18.19 18.58 19.42 101.35 103.87 With 

19.15 20.35 17.05 18.85 100.98 111.66 Without 30 

19.75 20.67 20.55 22.22 95.16 103.62 With 

0.74 2.31 2.40 1.6 NS NS RLSD 

(0.05) 

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

 

Table 6. Means seed yield / ha (t), total chlorophyll content (mg/kg) and oil content (%) of Safflower under the 

effect of the interaction between plant spacing and topping during 2016/2017 and 2017/2018 seasons. 

Means Plant 

topping 

 

Plant 

Spacing 

(cm) 

Oil 

(%) 

Total chlorophyll 

content(mg/kg) 

Seed yield / ha (t) 

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

34.81 34.38 1.62 1.65 2.09 2.22 Without 10 

35.09 34.63 1.55 1.95 2.41 2.73 With 

35.30 35.01 1.68 1.68 2.29 2.35 Without 20 

35.56 34.76 1.61 1.62 2.58 2.80 With 

35.86 34.91 1.73 1.72 2.54 2.75 Without 30 

36.42 35.15 1.66 1.64 2.64 2.92 With 

0.18 0.20 NS NS 0.23 0.11 RLSD 

(0.05) 

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

 

CONCLUSION 
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The obtained results of the current study cleared that topping of safflower plants significantly increased seed 

yield, yield components and seed oil content, especially under the wide plant spacing. The topped safflower 

plants in 30 cm plant spacing produced the highest seed yield /ha and highest seed oil content. 
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