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ABSTRACT 

 

The present work aimed to improve safflower plant productivity of petal, seed and fixed oil yields by using 
complete fertilizers as foliar spray. The experiment was conducted during two seasons of 2009/2010 and 
2010/2011 with RCBD design for 3 replications and 5 treatments namely: 1) untreated plants (control) 2) 2000 
ppm kristalon 3) 4000 ppm kristalon 4) 2000 ppm Irral 5) 4000 ppm Irral. Besides studying the effects of these 
treatments on the growth, petals and seed yield per plant, carthamin content in dry petals and fixed oil content in 
seeds and the elements (N, P, K, Zn, Mn and Fe) in leaves. The main results from this work indicated that, 
plants sprayed with the high level of 4000 ppm Irral followed by that of 2000 ppm Irral gave the highest 
values of growth characters, petal and seed yields per plant, carthamin content in dry petals and fixed oil content 
in seeds and the macro elements (N, P and K content) as well as the micro elements (Zn, Mn and Fe ppm) in 
leaves compared with control or the other treatments. 
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Introduction 
 

Safflower (Carthamus tinctorius L.) is a member of the family Compositae or Asteraceae, cultivated mainly 
for its seed, which is used as edible oil and dye production since ancient times. Safflower is an annual winter oil 
seed crop and it seed contains about 20-40 % oil consider one of the alternative oil crops, particularly in the dry 
and semi dry lands due to tolerance to drought, salinity and cold stress. Safflower oil quality is high due to its 
fatty acids composition. As known, the fatty acid composition of vegetable oil is a main factor affecting on its 
commercial uses. Standard safflower oil contains about 6-8 % palmitic acid, 2-3 % stearic acid, 16-20% oleic 
acid and 71-75 %linoleic acid. In addition, very low levels of myristic (0.24 %) and behenic(0.43 %) acids were 
recorded in its oil. In addition, this oil is used in soft margarines and as salad oil besides being used raw for 
edible purposes. The safflower oil was used to reduce high blood serum cholesterol. Safflower dilates 
arteries, reduces Hypertension and increases blood flow and hence oxygenation of tissues. It also inhibits 
thrombus formation and overtimes, dissolves thrombi (Anonymous, 1988). Traditionally, the crop was grown 
for its flowers, used for coloring and flavoring foods and making dyes, especially before cheaper aniline dyes 
became available and in medicine (Anonymous, 1996). Moreover, it is widely used as a traditional 
Thaiherbal remedy for blood tonic, heart tonic, nerves tonic, blood detoxify, menstruation enhance, relief 
menstruation pain, lymph stimulate, control blood pressure (Boonyaprapas and Chokchaijaroenporn, 1996). 
Furthermore, in China, this plant is also used for the treatment of many cardiovascular, cerebrovascular 
and gynecological diseases (Tian et al., 2010). Currently, there are many scientific evidences about C. 
tinctorius biological activities, for example, anti-coagulant effect, anti-hyper-ensive property, lipid 
lowering activity and neuroprotec tive (Fan et al., 2009). The petals of safflower have been used as a 
source of folk medicine to promote blood circulation by removing the blood stasis (Yin and He, 2000) 
and as natural red and yellow colorants for dyeing fabrics, food colorings, and cosmetics (Yoon et al., 2003). 
The structures of these red and yellow colorants from safflower are reported to contain C-
glucosyquinochalcone moieties. Besides C- glucosylquinochalcones, safflower petals also have flavonoid 
glycosides (Kazuma et al., 2000). The colour of flower varies from whitish yellow to red orange, the most 
common being deep yellow. Safflower flowers contain two pigments viz. red (carthamin) which is insoluble 
in water and yellow (carthamidin) which is soluble in water and mainly used as a material for dye and is 
currently being used as a natural food colorant and used for curing several chronic diseases. The alkaline 
extracts were used for dyeing silk, wool, cotton and paper, to make the pigment in the state of the 
precipitate and ancient Chinese manufactured and produced it as red paint for cosmetics (Wouters et al., 2010). 
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There are some reports on biological activities of safflower yellow, for examples, safflower yellow enhances the 
expression of basic fibroblast growth factor (bFGF) and collagen type I synthesis in the tendon of chickens, 
enhance the tensile strength of injured tendon, promoted the injured tendon adhesion and reduced inflammation 
(Liu et al., 2011). 

Using complete fertilizers as foliar spray is preferable to avoid nutrient fixation in alkaline soil and leaching 
in sandy soils. On the other hand, foliar fertilizers contain many available macro and micro elements necessary 
for balancing growth and maturing of plant which in turn increases yield and quality. Responses to foliar 
fertilizer (kristalon and Irral) applications have been reported by many workers on various plant species. 
In this regard, El-Habal and Mostafa (1983) found that, Irral application significantly increased the seed 
yield combined with the best metabolits material, i.e., crude oil, protein and carbohydrate in the peanut and 
sesame plants. Abd El-Latif (1984) found that, treated coriander plants with Irral at the concentration of 100 
ppm gave the tallest plants, the highest branches number and the best dry weight of plant as well as fruit yield. 
Bishr and Makarim (1988) on guar found that, plants received Irral had a significant increment in plant growth 
parameters and seed yield. Also, chemical contents (fixed oil content, protein, carbohydrates as well as Zn, 
Mn, Fe, N, P and K contents) increased in treated plants if compared with control. Shalaby et al., (1989) 
on senna plants found that, Irral application caused an increase in plant height, number of branches per 
plant and herb dry weight. Also, sennoside content as well as carbohydrate contents enhanced in treated 
plants if compared with untreated ones. Abd El-Aziz (2000) on sweet basil, stated that, Irral application 
significantly increased plant height, number of branches and dry weight of herb. Furthermore, Irral 
treatments gave the highest values of nitrogen, phosphorus, potassium, zinc, manganese, iron and carbohydrate 
contents. In arid and semiarid regions, foliar application of nutrients is a more suitable option compared with 
soil fertilization when the roots cannot provide necessary nutrients. Other advantages are quick compensation 
of nutrient deficiency and application of lesser rates and thus, reducing toxicity arises from excessive 
accumulation of elements and preventing nutrients fixation in the soil (Malakouti and Tehrani, 1999). Several 
researches indicated a positive influence of micronutrient application in increase of yield and quantitative 
parameters of crops (Paygozar et al., 2009 and Tavassoli et al., 2010). 

Therefore, this investigation aimed to study the effect of complete fertilizers (kristalon and Irral) as foliar 
applications on the growth, petals and seed yields as well as the active ingredients of safflower plants. 

 
Materials And Methods 

 
The present investigation was conducted at the Experimental Farm of the Agriculture faculty, Sebha 

University, Libya, during the two seasons of 2009/2010 and 2010/2011 to study the effect of complete fertilizers 
with kristalon and Irral on safflower plants. Kristalon was obtained from Hydro Agri. Trade Egypt Co. 10, Road 
61 New Maadi, Cairo, Egypt. The analysis of the chemical composition was carried out at the laboratory of 
Botany Department (Plant Physiology Section), Faculty of Agriculture, Cairo University, Egypt. The chemical 
composition was as follows: Macro elements: nitrogen (N) 19%, phosphorus (P2O5) 19%, Potassium (K2O) 
19% and magnesium (Mg) 1.5%. Microelements: boron (B) 0.025%, manganese (Mn) 0.01%, cupper (Cu) 
0.01% and molybdenum (Mo) 0.001%. Irral was produced and imported from Tecniterra Company, Italy. Irral 
is soluble in water and contains many macroelements, i.e., nitrogen 20 %, phosphorus 8 % as P2O5, potassium 
16 % as K2O and magnesium 1 %, while microelements, i.e., manganese 1%, zinc 0.1%, copper 0.1%, iron 0.03 
%, sulphur 1% and boron 0.5 % are pronounced in organic phase to avoid precipitation or inversion to 
unavailable form. 

The soil of the experimental site is sandy, comprising of 92.52% sand, 5.48% silt and 3.0% clay, with pH of 
7.8 and EC.1.2 dsm-1. 

This experiment included 5 treatments as follows: 1) untreated plants (control) 2) 2000 ppm kristalon 3) 
4000 ppm kristalon 4) 2000 ppm Irral 5) 4000 ppm Irral. These treatments were arranged in a randomized 
complete block design with three replicates. Tween-20 (0.1%) was used as a wetting agent for each treatment. 
Spraying was carried out between 08:00 and 10:00 AM. The plants were sprayed with solutions with 
uniform coverage until the leaves were completely wet and the solution ran off the leaves. Seeds of safflower 
cv. Giza1 were sown in 10th of November in both seasons. Plot area was 12 m2 and contained five rows at 
60 cm apart. The distance between plants were 40 cm, each plot contained about 50 plants and 41667 plants 
per hectare. Safflower plants were treated with kristalon and Irral as foliar spray three times, the first 
one after 30 days from 
transplanting, while the second and the third ones were at 21 days intervals after the first one in both seasons. 
The experimental farm was prepared 3 weeks before transplanting. During preparation, the rates of 50 m3 of 6- 
month-old cattle manure and 700 kg calcium superphosphate (15.5% P2O5) per hectare were supplemented. All 
other normal agriculture practices which needed (irrigation and fertilization ) by plants were applied. 
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Data recorded: 
 

At the maximum of flowering period, the following data were recorded: 
1. Plant height (cm) 
2. Number of branches per plant 
3. Dry weight of leaves and aerial part (gm) 
4. Number of flower heads per plant 
5. Dry weight of petals per plant (gm) and per hectare (kg) 

 
At harvesting, seed yield per plant and hectare were recorded. 

 
6. Seed yield was estimated g/plant and kg/ha . 

 
Chemical constituents: 

 
Extraction of carthamin: 

 
Red pigment (Carthamin) was extracted and estimated according to FAO, (1997). A fifty gm dry petal 

was weighed accurately and removed yellow pigment from it by socking in 100 ml of citric acid/disodium 
hydrogen phosphate buffer solution (pH 5) for overnight and then filtered. After that, residual petals were 
socked in 100 ml of distilled water for 1 hour (it was repeated 3 times). The residual petals were air dried; then 
socked in 20 ml dimethylformamide (DMFA) for 3 hours and filtrated. A five ml of DMFA extracted was 
diluted to 10 ml using DMFA. Carthamin was determined at 530 nm using HP spectrophotometer (UV – VIS 
Double Bean PC, 8 scanning auto cells, UVD - 3000). The percent of coloring matter (P) was calculated 
using the following formula: P = [A / 992] × [40 / W] where: W = Weight of the sample - A = The absorbance 
of the sample - 992 = The specific absorbance of carthamin. 

 
1. Carthamin percentage was determined in dry petals according to the methods of FAO (1997). The 

carthamin content per plant (gm) and hectare (kg) were calculated. 
2. Fixed oil percentage in the seeds was determined according to the method of A. O. A. C. (1970). The yield 

of fixed oil per plant and hectare were calculated. 
3. Total carbohydrate content:  total carbohydrate percentage in the dry leaves was determined according to 

Herbert et al., (1971) and then total carbohydrate content per plant was calculated. 
4. The elements N, P and K contents per plant: the elements N, P and K percentages in the leaves were 

determined according to the method of Chapman and Pratt (1961). Then N, P, K, contents per plant were 
calculated. 

5. The elements Zn, Mn and Fe ppm in the leaves were determined according to the method of Chapman and 
Pratt (1961). 

 
Statistical analysis: 

 
All collected data were statistically analyze according to Steel and Torrie (1980) and the differences 

between means were compared by LSD at 5% level of significant.. 
 

Results And Discussion 
 

A - Vegetative growth: 
 

1 - Plant height (cm) and number of branches per plant: 
 

It is quite clear from the data in Table (1) that, Kristalon and Irral treatments caused a significant increase in 
plant height (cm) and number of branches per plant if compared to control. The data described in this Table 
indicated that, plants sprayed with the high level (4000 ppm) of Irral followed by that of kristalon gave the 
highest values of plant height and number of branches. The treatment of Irral at 4000 ppm showed significant 
increase in plant height (cm) and number of branches per plant when compared to control or the other ones 
under study in the two seasons. Similar results were also obtained by Abd El-Latif (1984) on coriander plants, 
Bishr and Makarim (1988) on guar plants and Abd El-Aziz (2000) on sweet basil. 
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The increase in plant height may be due to the application of nitrogen fertilizer for its importance role in 
increased of sytokinins and gibberellins which enhance cell division and cell enlargement, while phosphorus 
have an important role in producing energy for the physiological processes as synthesis proteins by formation 
the ATP. Furthermore, potassium play a direct or indirect role in plant metabolism, as explained by Devlin 
(1979). The increasing in plant height by using Irral which contained Zn, Mn, Cu and Fe due to the positive 
effect of zinc in accelerate the cell division (Amberger, 1974), also, manganese had a regularly role in 
biosynthesis of protein photo system (Khmara, 1984). The positive influence of Fe on plant height may be due 
to that, Fe had an important role in biosynthesis of chlorophyll, (Amberger, 1974). Moreover, the favorable 
effect of complete fertilizer (Irral and ) in increasing number of branches per plant might be due to the direct or 
indirect participation of those nutrients in reducing the apical dominance of the stem, resulting in more 
branching. Besides that, these nutrients might play a direct role in plant metabolism resulting in enhancing 
branches growth. Several researches indicated a positive influence of micronutrient application in increase of 
yield and quantitative parameters of crops (Paygozar et al., 2009 and Tavassoli et al., 2010). 

 
Table 1: Effect of foliar spray with complete fertilizers (kristalon and Irral) on the vegetative growth parameters of safflower plants during 

the two seasons of 2009 – 2010 and 2010 – 2011. 

Complete 
fertilizers 
(ppm) 

Plant height (cm) Number of branches/plant 
Dry weight of leaves /plant 

(gm) 
Dry weight of aerial part 

/plant (gm) 

1st season 2nd season 1st season 2nd season 1st season 2nd season 1st season 2nd season 

0 (Control) 
2000 Kristalon 
4000 Kristalon 
2000 Irral 
4000 Irral 

142.16 145.21 
160.23 160.45 
168.66 168.83 
177.54 177.52 
180.28 182.29 

8.03 8.33 
8.86 9.31 
9.50 10.25 

10.75 11.00 
11.36 12.50 

25.03 26.31 
28.56 30.02 
30.81 31.16 
32.41 34.75 
35.65 38.03 

139.667 143.25 
149.147 150.06 
158.267 162.95 
175.260 177.60 
180.247 182.31 

L.S.D. at 5% 1.31 1.17 0.37 0.31 0.88 1.04 1.106 1.33 

 

2 - Dry weights of leaves and aerial part: 
 

Data of both seasons presented in Table (1) reveal that, the dry weight of leaves and aerial part of safflower 
plants were significantly increased as a result of applying Kristalon and Irral at all levels compared to 
untreated plants. Furthermore, the treatments could be arranged descendingly as follows: Irral at 4000 ppm > 
Irral at 2000 ppm > Kristalon at 4000 ppm > Kristalon at 2000 ppm > control. Moreover, spraying Irral at 4000 
ppm gave the highest values of dry weight of leaves,and aerial parts compared to the other ones. 

The positive effects of Irral are in harmony with those mentioned by Bishr and Makarim (1988) on guar and 
Shalaby et al., (1989) on senna plants. The increase in dry weight of leaves and stems per plant could be 
attributed to that, the used fertilizer (Irral) might enhance cell division and/or cell enlargement resulting in 
longer plants. Besides, they might play a direct or indirect role in plant metabolism through activating 
photosynthetic processes as well as the accumulation of their products in the plant resulting in more dry weights. 

 
3 - Number of flower heads and petals yield: 

 
Data presented in Table (2) indicate that, all complete fertilizers ( kristalon and Irral) treatments recorded 

significantly increase the number of flower heads, dry weight of petals per plant and hectare when compared to 
control in the two seasons in most cases. The treatment of Irral at 4000 ppm showed significant increase the 
number of flower heads, dry weight of petals per plant and hectare when compared to control or the other ones 
under study in the two seasons. These results agreed with those found by Bishr and Makarim (1988) on guar 
plants. 

The positive effect of Irral and kristalon on the produced flower heads per plant might be due to the 
enhancing effect of these treatments in vegetative growth characters, i.e., number of branches and dry weight of 
plant organs as mentioned before leading to more dry petals weight per plant. 

 
Table 2: Effect of foliar spray with complete fertilizers (kristalon and Irral) on the number of flower heads/plant, dry weight of petals per 

plant and hectare as well as seed yield per plant and hectare of safflower plants during the two seasons of 2009–2010 and 2010– 
2011. 

Complete 
fertilizers 
(ppm) 

Number of flower 
heads/plant 

Dry weight of 
petals /plant (gm) 

Dry weight of petals 
/hectare (Kg) 

Seed yield /plant 
(gm) 

Seed yield /hectare (Kg) 

1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
1st season 2nd season 1st 

season 
2nd 

season 
1st season 2nd season 

0 (Control) 
2000 Kristalon 
4000 Kristalon 
2000 Irral 
4000 Irral 

31.23 32.83 
34.95 36.87 
37.21 38.41 
40.16 41.66 
42.35 43.43 

2.87 2.90 
3.37 3.46 
3.50 3.61 
3.66 3.88 
3.90 4.13 

119.72 120.83 
140.41 144.44 
145.83 150.41 
152.50 161.80 
162.50 172.22 

23.88 25.08 
27.19 28.16 
28.48 29.05 
30.45 31.16 
33.20 34.27 

995.00 1045.00 
1132.91 1173.33 
1186.66 1210.69 
1269.02 1298.47 
1383.61 1428.05 

L.S.D. at 5% 1.14 1.06 0.11 0.13 4.59 5.49 1.12 1.132 46.76 47.15 
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B- Seed yield: 
 

From the recorded data in Table (2) it can be concluded that, all complete fertilizer treatments which were 
used showed a significant increase seed yield per plant and hectare compared to untreated plants. The treatment 
of Irral at 4000 ppm recorded significant increase in seed yield per plant and hectare when compared to 
control or the other ones under study in the two seasons. This treatment recorded the highest seed yields  
1383.61 and 1428.05 Kg per hectare in the two seasons respectively. Similar results were stated by El-Habal 
and Mostafa (1983) on peanut and sesame plants, Abd El-Latif (1984) on coriander, and Bishr and Makarim 
(1988) on guar. The increase in the seed yield may be due to that, these treatments enhanced vegetative growth 
leading to more branches and seeds. 

 
C- Main chemical constituents: 

1 - Carthamin content: 

The data described in Table (3) show that, spraying safflower plants with the different concentrations of 
kristalon and Irral showed a significant increase on carthamin percentage in the petals compared to untreated 
plants. The highest percentage was produced by spraying plants with the level of 4000 ppm. Moreover, the 
lowest percentage was produced from control plants. 

It is clear from Table (3) that, all treatments of complete fertilizer ( kristalon and Irral) recorded significant 
increase the carthamin content per plant and hectare compared to control. The treatment of Irral at 4000 ppm 
showed significant increase in carthamin content per plant and hectare when compared to control or the other 
ones under study in the two seasons. This treatment gave the highest values 10.95 and 12.01 mg/plant as well as 
456.11 and 500.27 gm/hectare in the first and second seasons, respectively.These results are in accordance with 
those obtained by Shalaby et al (1989) on senna plants since they found that, Irral application enhanced 
sennoside (glycoside) content. 

 
Table 3: Effect of foliar spray with complete fertilizers (kristalon and Irral) on carthamin content in the petals of safflower plants during the 

two seasons of 2009–2010 and 2010–2011. 

Complete fertilizers 
(ppm) 

Carthamin percentage Carthamin content per plant (mg) Carthamin content per hectare (gm) 

1st season 2nd season 1st season 2nd season 1st season 2nd season 

0 (Control) 
2000 Kristalon 
4000 Kristalon 
2000 Irral 
4000 Irral 

0.210 0.220 
0.240 0.250 
0.250 0.260 
0.270 0.280 
0.280 0.290 

6.03 6.35 
8.08 8.70 
8.72 9.37 
9.90 10.90 

10.95 12.01 

251.23 264.72 
336.45 362.63 
363.19 390.29 
412.58 454.16 
456.11 500.27 

L.S.D. at 5% 0.010 0.011 0.46 0.61 19.24 25.22 

 

2 - Fixed oil content: 
 

The results reported in Table (4) indicated that using complete fertilizers (kristalon and Irral) treatments 
recorded significant increase fixed oil percentage in the seeds of safflower plants compared to untreated plants. 
The data described in this Table show that, plants sprayed with the higher level (4000 ppm) of Irral followed 
by that of kristalon (4000 ppm) in the first season gave the highest values of fixed oil percentage. Table 
(4) show that, application of kristalon and Irral treatments showed significant increase of the fixed oil 
content in the seeds per plant and hectare of safflower plants compared to untreated plants in both seasons. 
The maximum values were recorded in plants sprayed with Irral at 4000 ppm. The present data of Irral 
agreed with those of El-Habal and Mostafa (1983) on peanut and sesame plants, and Bishr and Makarim (1988) 
on guar. The obtained increases in oil yield per plant might be due to the increase in seed yield per plant, 
rather than oil percentage, which was increased by using kristalon and Irral spraying, as found in this study. 

 
Table 4: Effect of foliar spray with complete fertilizers (kristalon and Irral) on fixed oil content in the seeds of safflower plants during the 

two seasons of 2009–2010 and 2010–2011. 

Complete fertilizers 
(ppm) 

Fixed oil percentage Fixed oil content per plant (ml) 
Fixed oil content per 

hectare(liter) 

1st season 2nd season 1st season 2nd season 1st season 2nd season 

0 (Control) 
2000 Kristalon 
4000 Kristalon 
2000 Irral 
4000 Irral 

32.25 34.23 
35.06 35.53 
35.59 36.10 
35.38 37.51 
36.49 38.34 

7.72 8.60 
9.54 9.97 

10.11 10.49 
10.77 11.70 
12.09 13.11 

321.82 358.33 
397.58 415.80 
421.36 437.27 
448.77 487.65 
503.79 546.46 

L.S.D. at 5% 0.91 0.81 0.38 0.41 15.94 17.21 
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3 -Total carbohydrates content: 
 

It is clear from the data given in Table (5) that, spraying of kristalon and Irral on safflower raised the 
total carbohydrates content per plant in the leaves. The treatment of 4000 ppm Irral was the best one followed 
by the treatment of 2000 ppm Irral. The lowest content per plant w as obtained with the untreated plants. 
Similar results were observed by Bishr and Makarim (1988) on guar plants and Abd El-Aziz (2000) on sweet 
basil. The increase in carbohydrates content resulted from Irral application might be due to directly or 
indirectly the activation of the anabolic process of carbohydrates metabolism. Then nutrients might participate 
in chlorophyll anabolism, leading to more chlorophyll content, which participate directly in carbohydrates  
metabolism, (Devlin, 1979). 

 
Table 5: Effect of foliar spray with complete fertilizers ( kristalon and Irral)  on carbohydrates, nitrogen, phosphorus and  potassium content 

in leaves per plant (gm) of safflower plants during the two seasons of 2009 – 2010 and 2010 – 2011. 

Complete fertilizers 
(ppm) 

Total carbohydrates 
content per plant (gm) 

Nitrogen content per 
plant (mg) 

Phosphorus content per 
plant (mg) 

Potassium content per 
plant (mg) 

1st season 2nd season 1st season 2nd season 1st season 2nd season 1st season 2nd season 

0 (Control) 
2000 Kristalon 
4000 Kristalon 
2000 Irral 
4000 Irral 

3.54 3.48 
4.38 4.83 
4.99 5.40 
5.60 6.07 
6.86 7.09 

463.25 524.07 
586.20 642.63 
673.60 706.17 
764.51 822.27 
980.66 1148.40 

104.88 126.45 
154.02 173.88 
175.85 193.47 
220.34 246.82 
263.86 288.77 

462.36 519.56 
611.46 668.28 
737.60 784.20 
838.08 920.37 
986.45 1070.81 

L.S.D. at 5% 0.25 0.26 37.34 27.62 5.84 7.15 32.87 19.89 

 

4 - Macronutrients (N, P and K): 
 

Data in Table (5) revealed that, spraying safflower plants with the different concentrations of kristalon and 
Irral showed a significant increase in N, P and K contents in the leaves compared to untreated plants. The 
treatment of Irral at 4000 ppm recorded significant increase in N, P and K contents in the leaves when compared 
to control or the other ones under study in the two seasons. These results are in line with those found by Abd El- 
Aziz (2000) on sweet basil plants. The increase in N, P and K percentages or contents might be due to the direct 
or indirect effect of the used nutrients on the absorption and/or translocation of these elements in the plant. 

 
5 - Microelements (Zn, Mn and Fe): 

 
Data presented in Table (6) clearly demonstrated that, using complete fertilizer ( kristalon and Irral) 

treatments recorded significant increase the Zn, Mn and Fe concentrations in the leaves of safflower plant 
compared to untreated plants in both seasons. The data described in this Table indicated that, plants sprayed 
with the high level (4000 ppm) of Irral followed by that of kristalon gave the highest values of the Zn, Mn and 
Fe concentrations in the leaves compared to the other ones under study in the two seasons. These results are in 
harmony with those obtained by Bishr and Makarim (1988) on guar plants. The increments in Zn, Mn and Fe 
contents may be due to Irral fertilizer contained these elements, as well as increase of root size which led to 
augmentations in Zn, Mn and Fe uptakes from soil. 

 
Table 6: Effect of foliar spray with complete fertilizers (kristalon and Irral) on zinc, manganese and iron (ppm) in leaves of safflower plants 

during the two seasons of 2009 – 2010 and 2010 – 2011. 

Complete fertilizers 
(ppm) 

Zinc (ppm) Manganese (ppm) Iron (ppm) 

1st season 2nd season 1st season 2nd season 1st season 2nd season 

0 (Control) 
2000 Kristalon 
4000 Kristalon 
2000 Irral 
4000 Irral 

54.00 57.00 
63.00 65.00 
68.00 72.00 
73.00 75.00 
81.00 83.00 

49.00 52.00 
54.33 56.00 
55.00 57.00 
58.00 60.00 
60.00 62.00 

145.00 148.00 
156.00 161.00 
163.00 164.00 
169.00 172.66 
179.00 181.00 

L.S.D. at 5% 1.18 1.06 0.94 1.06 1.43 0.94 
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