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Foliar and Fertigation Application of NPK Fertilizers 

Impact on Growth, Seed Yield and Yield Components of 

Safflower (Carthamus tinctorius L.) 
ABSTRACT 

Safflower (Carthamus tinctorius L.) is an annual oil crop that belongs 

to the Asteraceae family. The experimental studies were conducted at two 

different research stations in the Kurdistan Regional of Iraq to determine 

various liquid NPK application methods on the growth, yield, and yield 

components of three safflower varieties. The experimental design was a 

complete block design under split-plot system with three replications. 

NPK application methods (Foliar, Fertigation, Foliar + Fertigation) and 

no fertilizer application are the main plots. While three safflower varieties 

(Iden, AL-Shamia, and Zaafarani) as sub-plots. Foliar NPK application 

had the highest dry matter yield and seed yield of 29.544ton ha-1 and 

7.185ton ha-1, respectively, at the average of both locations. Zaafarani 

safflower variety recorded the maximum dry matter yield and seed yield 

of 22.204ton ha-1 and 4.794ton ha-1, respectively, at the average of both 

locations. However, the statistical analysis for both locations' average 

shows non-significant differences between Iden and Zaafarani varieties 

have the highest performance for seed yield under foliar NPK application. 

Based on the average effectiveness of the different methods of applying 

NPK and safflower varieties on most components of growth, yield, and 

yield components, the order was as follows: Foliar > Foliar + Fertigation 

> Fertigation > Control. While for safflower varieties, it was as follows: 

Zaafarani > Iden > AL-Shamia. The results indicated that the number of 

capitula plant-1 is an essential character in safflower's seed yield. 
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INTRODUCTION  

Safflower (Carthamus tinctorius L.) is an annual winter-spring oil crop, highly branched, 

herbaceous thistles that belong to the Asteraceae family. Safflower usually intended to produce 

seeds for oil extraction, which has high quality as human food and potential for biofuel production. 

Also, it makes a good livestock forage during vegetative growth (Dordas and Sioulas, 2008; Danieli 

et al. 2011; Rastgou et al. 2013: Shahrokhnia and Sepaskhah, 2016; Pasandi et al. 2018). It is a 

long-season crop, extracting water from the soil for an extended period than cereal crops. The long 

taproot allows it to explore deeper soil layers, enhancing its ability to extract water and nutrients 

that are not available for most crops. This characteristic makes this plant more resistant to drought 

(Herdrich, 2001; Mohammadi, 2001; Bagheri and Sam-Dailiri, 2011). Safflower is one of the 

crucial oilseeds crops worldwide. The seed oil content ranges from 20 to 40 %, depending on 

genotypes and growth conditions (Gouzy et al. 2016; Liu et al. 2016).  

Safflower requires an adequate supply of nutrients for its full production potential even 

under limiting moisture conditions (Rao, 1985; Kubsad et al. 2001). Nitrogen is one of the most 

required nutrients by plants since it is part of proteins, enzymes, chlorophyll, nucleic acids, and 

hormone synthesis (Taiz and Zeiger, 2013). According to Sabbagh et al. (2012), safflower is more 
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responsive to nitrogen (N) than other nutrients. It requires a more considerable amount of this 

element during its vegetative stage. Phosphorus (P) is an essential macro plant nutrient needed in 

larger quantities than other elements, followed by nitrogen. Potassium (K) is critical for activating 

the enzyme, protein synthesis, photosynthesis, and photosynthates. (Pettigrew, 2008; Xu et al. 

2011). However, Hussien and Wuhaib, (2010) and Palizdar et al. (2011) observed increases in 

biometric features and higher yields in safflower crops with more significant availability of 

potassium.  

For a more accurate and convenient application of fertilizers on large farms, liquid fertilizers 

offer certain advantages. Farmers do not need to carry fertilizer bags; they rely on pumping. 

Sprinklers can be used to protect crops, but suspensions require special nozzles. Macronutrient 

affects primary and secondary metabolism in plants, which ultimately results in seed yield 

enhancement in crop plants (Malik et al. 2011; Nadim et al. 2011; Malik et al. 2012; Malik et al. 

2013a; Malik et al. 2013b). The most effective way for the growth of safflower in semi-arid 

conditions with high efficiency is when and how to apply the fertilizers properly.  Crop productivity 

relies on major NPK fertilizers, and the balanced application of NPK fertilizer rates plays a great 

deal in safflower production. Igbadun et al. (2006) showed that the crop yield response depended on 

the amount of water applied at different crop development stages than the overall seasonal water 

applied. Jaga, (2013) revealed that all significant macronutrients (N, P, K, Ca, Mg, S) is essential 

for plant development. 

The method of fertilizers application is an essential component of good agricultural 

practices. For acceptable farming practices, the farmer chooses the timing and quality to use as 

much as possible of the nutrient. The two common methods are Foliar fertilization and Fertigation 

(Álvarez-Fernández et al. 2004; Bhat et al. 2007). Foliar fertilizer application is a technique using 

which the nutrients can be provided to crop plants in a spray where the nutrients readily reach the 

actual activity (Kołota and Osińska, 2000). It avoids the fixation of nutrients in the soil. The 

application of fertilizers with irrigation water (Fertigation) has several advantages over traditional 

methods. The time and rate of fertilizer applied can be regulated precisely (Gurusamy et al. 2011; 

Kumar et al. 2011). Foliar fertilizer application results in better nutrients absorption by the plants 

than the rest of the methods, thus increasing fertilizer use efficiency (Kamel et al. 1987).  

Safflower genotypes varied significantly in plant height, the number of branches and heads 

plant
-1

, seed index, seed yield per plant and hectare, seed oil content, and oil yield (Dahiya and 

Singh, 1980; Ali and Osman, 2004; EL-Far et al. 2010). The yield and yield components may be 

affected by genotype, ecology, morphology, physiology, and fertilization (Coşge et al. 2007). This 

study's objective was to evaluate and use a proper technology and study the effects of different 

methods of liquid NPK fertilizer application on some growth and yield characters of three safflower 

varieties under a semi-arid condition. 

MATERIALS AND METHODS    

Experimental site and climate condition 

Two field experiments were conducted during the winter of 2017 at two different locations. 

The first location was at the Kanipanka Agricultural Research Station (latitude: 35° 22' 22ʺ N, 

Longitude: 045° 43' 22ʺ E, altitude: 548 masL) in Sharazoor intermountain 35 km east of 

Sulaimani. At the same time, the second location was at Qlyasan, the farm of Biotechnology and 

Crop Science Department, College of Agricultural Engineering Sciences, the University of 

Sulaimani, located at (latitude: 35° 34' 17ʺ N, Longitude: 045° 22' 00ʺ E, altitude: 757 masL). The 

climate is a semi-arid environment; hot and dry in summer, cold and wet in winter, and a rainy 

season from autumn to winter. During that period, the temperature ranged from 11℃ to 26℃. 

(Kurdistan Regional Government, 2018; see Table 1). 
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Table (1) Agrometeorological parameters at Kanipanka and Qlyasan locations 2017 
Locations Month Air Temperature °C Precipitation 

(mm) Minimum Maximum 

 

Kanipanka 

December 

January 

February 

March 

April 

3.7 

1.9 

1.4 

7.4 

11.2 

11.5 

11.1 

11.8 

16.9 

23.6 

115.4 

51.7 

87.1 

113.5 

70.8 

May 15.8 33.5 19.0 

June 21.0 39.7 0.0 

July 26.7 44.6 0.0 

 

Qlyasan 

December 

January 

February 

March 

April 

2.0 

1.4 

-0.26 

7.5 

11.0 

18.0 

11.1 

13.1 

17.7 

34.0 

158.0 

36.5 

206.1 

68.6 

34.2 

May 13.0 40.0 17.2 

June 21.0 47.0 0.0 

July 28.0 48.0 0.0 

 

Soil sampling and analysis 

The soil samples were collected at a depth of 0-60 cm for laboratory analysis at each 

location. They were air-dried gently, crushed, and tested for physical and chemical properties. 

Details of soil properties are shown in (Table 2). 

 

 

 

 

 

 

 

 

 

 

Fertilizer Placement Methodology 

Liquid NPK fertilizer (20-20-20), EC Fertilizer: Guaranteed Content (W/W) %. Nitrogen 

(N) 20% Urea (CH₄N₂O), Phosphorus (P) 20% Phosphoric acid (H3PO4), and Potassium (K) 20% 

Potassium Chloride (KCl). In the case of Foliar application, liquid NPK fertilizers in the amount of 

three liters were mixed with 1000 liters of water, which is adequate to cover one hectare as 

recommended. It was carried out when wind speed was minimal. Fertigation application, carried out 

by mixing thirty liters of NPK in water, as recommended, and applied to the irrigation water. This 

rate was sufficient to cover one hectare. The third purposes are the combination of (half-dose Foliar 

NPK application + half dose Fertigation NPK application). Finally, zero NPK application (Control): 

This treatment is no fertilizer added to the plot. Two applications of NPK were performed, starting 

at 45 days after sowing (DAS) and ending at 105 DAS, when flowering began. 
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Safflower variety 

Safflower varieties (Iden, AL-Shamia, and Zaafarani) used in this study were obtained from 

the Agricultural Research Station, Ministry of Agriculture and Water Resources in Sulaymaniyah, 

Kurdistan Regional Government Iraq.  

Experimental design and treatments 

The experiment was laid out in Split Plot Design with three replicates. Four methods of 

applying NPK fertilizer (foliar, Fertigation, foliar + Fertigation, and NPK zeros) are the main plots. 

Split plots for three safflower varieties (Iden, AL-Shamia, and Zaafarani), consisting of 36 

experimental units. The sub-plot was 1.5 m by 0.90 m in size; each consisted of three rows spaced 

at 0.30 m with a plant distance of 0.15 m. Safflower seeds were hand-planted in line at a depth of 3 

to 5 cm during January 10
th

, 2017, at the first location (Kanipanka) and December 31
st
, 2016, at the 

second location (Qlyasan). After completion of germination, seedlings thinned out to one plant hole
-

1
. Fertilization and other crop management practices were carried out manually. 

Traits evaluated  

The variables of fresh stem weight, dry leaf weight, and the number of leaves plant
-1 

were 

determined by the harvest of four random plants from the middle rows were evaluated before the 

harvest during the physiological stage of maturity. Five fully mature plants were harvested 

randomly for yield and yield components when seed yield was adjusted in each plot to 10% 

moisture. The plant was harvested at 187 DAS at the first location (Kanipanka) and 193 DAS at the 

second location (Qlyasan). 

Statistical analysis 

All data were subjected to statistical analysis by the technique of variance of the split-plot 

design using XLSTAT (2016). For a direct comparison of treatments, the less significant difference 

tests (LSD) were used at levels of 0.05. For testing the main effects of NPK fertilizer application on 

safflower varieties, the data were subjected to analysis of variance (ANOVA). Principal Component 

Analysis (PCA) was performed to show the relationship between the treatments and studied 

characters. 

 

RESULTS AND DISCUSSION 

Vegetative Traits The results from both locations and their average showed that different NPK 

application methods were highly significantly affected the growth of safflower (Appendix 1). NPK 

are the essential nutrients for safflower growth, influencing all plant parts' dry weight, hence the dry 

matter yield. The increase in dry matter yield in response to different NPK application methods was 

accompanied by increasing the dry weight of stem, leaf, capitula, and the number of leaves at both 

locations and their average.   The principal companion analysis for growth characters at different 

NPK applications was 99.99%, at the average of both locations (Figure 1). The biplot shows the 

variation obtained from the first and second factors of the four NPK applications' significant effects 

on safflower growth and it is characters. Foliar NPK application was superior and significantly 

impacted dry stem weight, dry leaf weight, dry capitula weight, number of leaves plant
-1

, and dry 

matter yield. Dry matter yield recorded the maximum value of 29.544ton ha
-1 

with the NPK foliar 

application compared to 18.694-, 22.038-, and 14.706ton ha
-1

 for the treatments Fertigation, Foliar 

+ Fertigation, and Control application, respectively (Table 3). The Foliar NPK application showed a 

strong response to the above-ground dry weight and the number of leaves compared to the other 

treatments, especially control, causing an increase in dry matter yield. However, N and P increased 

the number of branches and leaves, the assimilation and transpiration rates, stomatal conductance, 

chlorophyll index, and leaf area index (Arani et al. 2011: Golzarfar et al. 2011; Mohamed et al. 

2012; Singh and Singh, 2013; Bonfim-Silva et al. 2015). Among the macronutrients, N, P, and K 

positively influence dry matter partitioning in leaves and stems and is essential for plant growth and 

development (Padmavathi and Lakshmamma, 2003; Pettigrew, 2008; Dordas and Sioulas, 2009). 

The present study demonstrated that the foliar NPK application fertilizers significantly improved 

the growth characteristics of safflower compared to the rest of the treatments. 
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Table (3) Effect of NPK Applications on some safflower growth characters at the average of 

both location 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. PCA plot showing the effect of NPK application on growth character at the average of both 

locations 

Data in (Appendix 1) showed significant differences among safflower varieties in stem, leaf, 

capitula dry weights, the number of leaves, and dry matter yield at both locations and averages, 

except the number of leaves at the first location. As shown in Table 4 and Figure 2, the average of 

both locations and the principal component analysis were accounted for 100% of the total variation 

for different safflower varieties. Zaafarani variety recorded significantly higher dry matter yield 

than the Iden variety. Altogether, there was no significant difference between Zaafarani and Al-

Shamia varieties for almost all the traits except the dry capitula weight, which Iden variety showed 

the highest value. These results may be due to the genotypic behavior combined with the 

environmental conditions, which may be suitable for the Zaafarani variety than the other two. 

Zaafarani variety predominated the Iden variety by 11.57% for the dry matter yield. In previous 

studies, it has been established that the safflower's growth habit is variety-dependent (Mirza et al. 

2018). 
Table (4) Effect of safflower varieties on some growth character at the average of both locations 

Safflower 

varieties 

Dry Stem 

Weight 

 (g) 

Dry Leaf 

Weight 

(g) 

Dry Capitula 

Weight (g) 

No. of 

Leaves 

Plant-1 

Dry Matter 

Yield 

(ton ha-1) 

Iden 47.626 b 9.860 b 30.869 a 102.260 b 19.634 b 

Al-Shamia 59.833 a 12.427 a 26.287 c 119.541 a 21.899 a 

Zaafarani 58.767 a 12.765 a 28.386 b 111.957 a 22.204 a 

NPK 

applications 

methods 

Dry Stem 

Weight (g) 

Dry Leaf 

Weight(g) 

Dry 

Capitula 

Weight (g) 

No. of 

Leaves 

Plant-1 

Dry Matter 

Yield 

(ton ha-1) 

Foliar 73.635 a 15.239 a 44.076 a 162.148 a 29.544 a 
Fertigation 49.843 b 10.645 c 23.638 c 94.090 c 18.694 c 
Foliar & 

Fertigation 56.423 b 12.063 b 30.685 b 113.963 b 22.038 b 
Control (No 

NPK) 41.734 c 8.788 d 15.656 d 74.810 d 14.706 d 
LSD 0.05 7.262 1.061 3.988 11.146 2.225 



Mahmood./ Tikrit Journal for Agricultural Sciences (2021) 21 (2):84-98 

 

48 
 

LSD 0.05 5.160 0.707 1.651 9.120 1.424 

 
Figure 2. PCA plot showing the effect of safflower varieties on growth character at the average of both 

locations 

The interaction between NPK application methods and safflower varieties on growth 

character is shown in (Appendix 1) for both locations and their average. At the first location, dry 

leaf and dry capitula weight recorded a significant value. While at the second location, the 

interaction's highly significant effect was noticed for the dry capitula weight and dry matter yield of 

safflower. Interaction between NPK application methods and safflower varieties did not show any 

significant differences for the dry stem weight, the number of leaves plant
-1

 at both locations, and 

their average. Although no significant differences were identified between NPK application and 

varieties for the dry leave weight at the second location and their average. 

In contrast, Dry matter yield recorded a non-significant effect at the first location and the average of 

both locations. As reported in (Appendix 1), the dry capitula weights were highly significantly 

different at the average of both locations for the interaction between NPK application and varieties. 

The statistical analysis indicated that all the study growth characters reached a maximum value 

under the Foliar NPK application (Figure 3).  These values were gradually decreased under 

fertigation NPK applications. However, then the values rose slightly as the plants were treated with 

both Foliar and Fertigation NPK. Later on, the minimum values were recorded for all traits under 

control treatment. An increase in the number of leaves due to nitrogen fertilization usually increases 

leaf area, thus promoting a greater incidence of solar radiation, carbon assimilation, and plant 

growth (Cruz et al. 2007). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Effect of the interaction between NPK application and varieties on growth character at the average 

of both locations 
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The result displayed in (Appendix 1 and Figure 4) revealed that dry stem weight and dry 

matter yield were highly significantly different between the locations. However, the effect was 

significant for dry leaf weight and dry capitula weight and was not significant regarding the number 

of leaves plant
-1

. The first location higher values for dry stem weight, dry leaf weight, dry capitula 

weight and dry matter yield by 55.14, 6.89, 8.68, and 38.68%, respectively, than the second 

location. These results indicated that the first location might be more suitable for the production of 

safflower. 

 

Figure 4. Effect of locations on safflower growth character 
 

Yield Components Traits as shown in Appendix 2, NPK application methods highly significantly 

affected seed yield, and most of it is components at both locations and their average. However, the 

number of seeds plant
-1

 was significant at the second location, and the harvest index was non-

significant. 

Foliar NPK application leads the rest of the other applications at the average of both 

locations for all traits.  Seed yields from least to highest weight were 2.475-, 3.590-, 4.565-, and 

7.185ton ha
-1

 for Control, Fertigation, Foliar + Fertigation, and Foliar application, respectively. 

Different NPK application methods also influenced the other traits (Table 5.). 

The Foliar NPK application methods' superiority followed by the Foliar + fertigation application for 

studied traits explained in the Principal Component Analysis. The relationships were counted for 

99.92% of the total variations between various NPK applications and studied characters at the 

average of both locations. The biplot diagram indicated the highest foliar NPK application values 

for these components at the average of both locations (Figure 4.). Our study revealed that the 

number of capitula plant
-1

 increased by foliar NPK application. Such an increase may be the leading 

cause of increasing all yield components, ultimately increase the seed yield. Wuhaib et al., (2017) 

confirm that the number of safflowers capitula directly affected seed yield. The exceeding of the 

Foliar NPK application on Fertigation, Foliar + Fertigation, and Control application for the number 

of capitula plant
-1

 were 40.27%, 28.86%, and 53.62%, respectively, at the average of both locations. 

The results obtained from this study confirm those found by (Dorado and Sioulas, 2008; Abbadi 

and Gerendas, 2011; and Rastgou et al. 2013, who reported that increasing nitrogen fertilizer 

provide better results in increasing the number of safflowers capitula plant
-1

 by 13% and 31%. 

Increasing phosphorus application to safflower plants increased seed yield and its components 

(Golzarfar et al. 2012; Singh and Singh, 2013; Malek and Ferri, 2014). 

 
 

Dry stem
weight (g)

Dry leaf
weight (g)

Dry capitula
weight (g)

No. of
leaves
plant-1

Dry Matter
Yield (ton

ha-1)

Kanipanka (1st Location) 76.497 12.229 29.807 115.699 26.341

Qlyasan (2nd Location) 34.32 11.387 27.22 106.806 16.151

0

20

40

60

80

100

120

140

Th
e 

ef
fe

ct
ed

 v
al

ue
s

Effect of locations on safflower growth characters



Mahmood./ Tikrit Journal for Agricultural Sciences (2021) 21 (2):84-98 

 

89 
 

 

 

Table (5) Effect of NPK application on seed yield and its components at the average of both 

locations 
NPK 

application 

methods 

No. of 

Capitula 

plant-1 

Capitula 

weight 

(g) 

Seed 

weight 

(g) 

No. of 

Seeds 

plant-1 

1000 

Seed 

weight 

(g) 

Harvest 

index 

Biological 

yield 

(ton ha-1) 

Seed 

yield 

(ton 

ha-1) 

Foliar 34.556 a 76.408 a 32.332a 708.109a 45.666 a 0.191 a 36.729 a 7.185 a 

Fertigation 20.639 c 39.791 c 16.154c 437.571c 36.829 c 0.162 b 22.284 c 3.590 c 

Foliar & 

Fertigation 24.583 b 51.229 b 20.544b 498.777b 41.287 b 0.169 b 26.603 b 

4.565 

b 

Control (No 

NPK) 16.028 d 26.796 d 11.140d 362.932d 30.453 d 0.145 c 17.182 d 

2.475 

d 

LSD 0.05 1.661 5.583 2.623 59.630 1.599 0.013 2.704 0.582 

 

 

Figure 4. PCA plot showing the association between NPK application and seed yield and its components at 

the average of both locations 

Combined data showed highly significant differences among all varieties for most studied 

characters at both locations and their average. However, the biological yield was significantly 

different at the first location only. No statistically significant differences were found in the number 

of seeds plant
-1

 and the number of capitula plant
-1

 at first, and the average of both locations 

(Appendix 2).   

Regarding Principal Component Analysis, variable components accounted for 100% of the 

total variation for safflower varieties at the average of both locations. The biplot-PCA indicates the 

variation derived from the first and second factors for seed yield and its components. The highly 

significant weights of seed weight and 1000 seed weight, was due to the direct relation with the 

final seed yield.  Zaafarani variety recorded the highest seed yield (Table 6 and Figure 5.). 

However, the Iden variety showed the highest capitula weight, the number of seeds plant
-1

, and the 

harvest index. The results are consistent with results reported by (Osman and Ali, 2006; Çamaş et 

al. 2007; and Mokhtassi-Bidgoli et al. 2007), who showed that the yield and yield components of 

safflower were significantly affected by varieties. 
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Table (6) Effect of safflower varieties on seed yield and its components at the average of both 

locations 
Safflower 

varieties 

No. of 

Capitula 

plant-1 

Capitula 

weight 

(g) 

Seed 

weight 

(g) 

No. of 

Seeds 

Plant-1 

1000 

Seed  

weight 

(g) 

Harvest 

index 

Biological 

yield 

(ton ha-1) 

Seed 

yield 

(ton ha-

1) 

Iden 

24.292 a 51.184 a 

20.315 

b 530.485a 

36.808 

b 0.178 a 24.149 b 4.514 b 

Al-

Shamia 24.333 a 44.527 b 

18.240 

c 474.413c 

37.465 

b 0.151 b 25.953 a 4.053 c 

Zaafarani 

23.229 a 49.957 a 

21.572 

a 500.644b 

41.403 

a 0.171 a 26.997 a 4.794 a 

LSD 0.05 N. S 2.123 0.806 26.152 0.964 0.009 1.418 0.179 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. PCA plot showing the association between safflower varieties and seed yield and its components at 

the average of both locations 

Seed yield components were affected by NPK application and varieties' interaction at each 

location and their average. As revealed at the first location, all characters responded significantly to 

the interaction effect except biological yield. At the second location, all the characters showed a 

significant response to this effect, except, number of seeds plant
-1

. At the average of both locations, 

only the biological yield showed non-significant, while the rest recorded a highly significant effect 

(Appendix 2).  

Figure 6 indicates the interaction between NPK application and varieties at the average of both 

locations. It also shows a different interaction between NPK applications and safflower varieties on 

yield and its components. The interaction between Foliar application and varieties reaches the 

maximum values. The highest value for seed weight, the number of seeds plant
-1

, harvest index, and 

seed yield were recorded between Foliar application and Iden variety. However, the interaction 
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between the Foliar NPK application and Zaafarani variety showed the maximum values for the 

number of capitula plant
-1

, the capitula weight, and 1000 seed weight. 

In contrast, the gradual dropped of values observed in the interaction between Fertigation 

applications and varieties. However, the values increased again by the interaction between Foliar + 

Fertigation application and varieties. Finally, the values of all interaction effects of Control plunged 

and hit bottom. The present study demonstrated that the Foliar NPK application significantly 

improved the yield and its components of safflower compared to the rest interaction. The increase in 

seed yield under the use of fertilizers can be attributed to the improved supply of photoassimilates 

resulting from the abundance of essential elements used to expand the sink cells (Dordas and 

Sioulas, 2008). This can be due to increased assimilated translocation from vegetative tissues to the 

achenes (Xie et al. 2014). 

 
Figure 6. Effect of interaction between NPK application and safflower varieties on yield and its components 

at the average of both locations 

Data in (Appendix 2 and Figure 7) showed the effect of locations on seed yield and its 

components. The results reveal the highest significant effect on all the traits. The statistical results 

confirmed that all studied characters showed the best value at the first location except the number of 

capitula plant
-1

, which exhibited the best value at the second location and predominated the first 

location by 16.74%. The seed yield and its component at the first location exceeded values obtained 

from the second location due to higher capitula weight, seed weight, the number of seeds plant
-1

,  

Figure 7. Effect of locations on safflower seed yield and it is components 
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1000 seed weight, harvest index, biological yield, and seed yield. The values were 26.42, 46.66, 

44.2, 3.35, 9.14, 40.12 and 46.65% respectively. Higher seed yield may be due to different 

environmental conditions of each location. Productivity and quality are greatly influenced by 

genotype, environment, and interaction (Sidlauskas and Bernotas, 2003; Denčić et al. 2012). 

CONCLUSIONS 

The two locations from a semi-arid environment clearly showed that the safflower 

responded remarkably to recommended NPK fertilizers' applications. Fertigation-application is less 

effective, while the foliar application is more suitable in allowing nutrients to be absorbed directly 

by safflower plant parts. Foliar NPK application is an efficient way of avoiding nutrient 

deficiencies. Overall, the results showed that foliar NPK application significantly affected most of 

the growth and yield components. Foliar application increased seed yield by an average of 65.55%. 

The yield components such as the number of capitula plant
-1

, capitula weight, seed weight, the 

number of seeds plant
-1,

 and 1000 seed weight were increased in the study with foliar NPK 

application compared with the control. Safflower is well suited at the Kanipanka location for foliar 

fertilizer application, and the Zaafarani variety had a prominent effect on some growth, yield, and 

yield component. 
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 الورقٌ و دمج السماد فٌ مياه الزً علي نمو ومكونات حاصل البذور للعصفز NPKجأثيز أضافة السماد المزكب 

(Carthamus tinctorius L. )  

 حكمث نورى محمود

 انعشاق-ألهٍى كشدسخاٌ -انسهًٍاٍَت, انسهًٍاٍَتجايعت  -كهٍت عهٕو انُٓذست انضساعٍت  -لسى بإٌحكُٕنٕجً ٔ انًحاصٍم انحمهٍت

 الخلاصة 

 الكلمات المفحاحية:

انًغزباث, طشق اضافت سًاد 

NPK,  ,حصم انًادة انجافت

 حاصم انبزٔس, يٕالع 

 

أحذ  انًحاصٍم انضٌخٍت انحٕنٍت (      .Carthamus tinctorius Lٌعذ انعصفش )

أجشٌج انخجشبت فً يٕلعٍٍ يخخهفٍٍ يٍ الهٍى  .Asteraceaeانعائذة  نهعائهت انُجًٍت 

فً  NPKانعشاق نذساست حأثٍش طشق يخخهفت يٍ اضافت انسًاد انًشكب انسائم -كٕسدسخاٌ

انًُٕ ٔانحاصم ٔيكَٕاحّ نثلاد أصُاف يٍ انعصفش. طبمج انخجشبت ٔفك حصًٍى انمطاعاث 

َج طشق اضافت انسًاد انعشٕائٍت انكايهت بُظاو الانٕاح انًُشمت ٔبثلاد يكشساث. أر كا

انًشكب  انخً حضًُج )انخسًٍذ انٕسلً ٔ  ديج انسًاد فً يٍاِ انشي ٔ  انخسًٍذ انٕسلً +  

ديج انسًاد فً يٍاِ انشي( ٔبذٌٔ حسًٍذ حطبٍما نهمطع انشئٍسٍت. فً حٍٍ يثهج الأصُاف 

ٕسلً انحاصم انثلاثت نهعصفش)اٌذٌ ٔ انشايٍت ٔ صعفشاٍَت( انمطع انثإٌَت. اعطى انخسًٍذ ان

عهى انخٕانً كًعذل   1-طٍ ْـ ..5.1ٔ  22..44الأعهى نهًادة انجافت ٔانبزٔس بـ 

  44.422نهًٕلعٍٍ. سجم صُف انعصفش صعفشاٍَت رسٔة حاصهً انًادة انجافت ٔانبزٔس بـ 

عهى انخٕانً كًعذل نهًٕلعٍٍ. بٍٍ انخحهٍم ألأحصائً نًعذل انًٕلعٍٍ  1-طٍ ْـ 2.542ٔ 

 5.625ٔ    5.564صُفٍٍ اٌذٌ ٔ صعفشاٍَت نصفت حاصم انبزٔس ٔٔصم انى  حفٕق اداء ان

بذٌٔ اخخلاف يعُٕي بٍٍ ْزٌٍ انصُفٍٍ.  NPKححج ظشٔق انخسًٍذ انٕسلً نـ  1-طٍ ْـ

بالأسخُاد انى  يعذل انفعانٍت لأسخخذاو طشق انخسًٍذ ٔالأصُاف انًخخهفت عهى يعظى 

خشحٍب كانخانً: انخسًٍذ انٕسلً < انخسًٍذ يكَٕاث انًُٕ ٔ انحاصم ٔ يكَٕاحّ ٌكٌٕ ان

انٕسلً +  ديج انسًاد فً يٍاِ انشي < ديج انسًاد فً يٍاِ انشي< بذٌٔ حسًٍذ)يعايهت 

انًماسَت( , بًٍُا نلأصُاف كاٌ انخشحٍب صعفشاٍَت  < اٌذٌ < انشايٍت. دنج انُخائج اٌ عذد 

 انعصفش. ًْ انصفت الاكثش حاثٍشا فً يحصٕل بزٔس  1-انثًشاث َباث
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APPENDIX 
(Appendix 1) Mean squares of variance analysis for growth character at both locations and their 

average 

(Appendix 2) Mean squares of variance analysis for yield and it is components at both locations and 

their average 

 


