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ABSTRACT  10 

 This experiment was carried out on Sunflower (Helianthus annuus L.), Spanish 11 

class (Viki) in one of the fields for the period from 05/03/2013 until 18/06/2013, 12 

where the shoots were sprayed after period of 65 days of its cultivation with 25 and 13 

50 ml/l of nanosilver, 0.75 and 1.5 g/l of organic fertilizer (Algastar) and with use 14 

of salicylic acid in two concentrations 60 and 120 mg/l in addition to the 15 

comparison treatment (spraying with distilled water only). The field experiment 16 

was laid as a factorial experiment which included three factor in RBCD design 17 

with three replication (3×3×3×3) that included three factors, the averages of 18 

transaction were compared by using LSD (least significant difference at 0.05%). 19 

Results of the experiment referred that spray shoots with 50 ml/l of nanosilver, 20 

1.5 g/l of organic fertilizer (Algastar) and 120 mg/l of salicylic acid  gave the 21 

highest positive effects of unsaturated fatty acids while the same high 22 

concentrations of factors reduced content of the most of the saturated fatty acids 23 

and vicine.The three way interaction had affection on field experiment in some 24 

studied traits positively while it had no significant effect on seeds content of vicine  25 

and fatty acids (Palmitic, Stearic, Archaic, Myristic, Linoleic and Oleic). 26 

 27 
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 29 

1. INTRODUCTION 30 

         Sunflower plant (Helianthus annuus L.) is considered of annual oil crops that 31 

are grown in the spring and autumn. This plant belongs to the family Compositae 32 

(Asteraceae) [1, 2]. 33 
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 35 

    36 

     The original inhabitant of the plant southwest of the United States America. It is 37 

known in Asia, and it is believed that the Indian tribes; who are in the United 38 

States were the first in cultivation of the sunflower and then transplant to the 39 

southwestern United States and Europe by the Spaniards and moved it to Russia, 40 

where it began easily spread, since the year 1860 [3]. 41 

 42 

      Sunflower crop characterized by its third sequence in importance for the 43 

production of oils after peanut (Arachis hypogaea L.) and soybean (Glycine max 44 

L.) and the global production of sunflower seeds increased from 26-31 million tons 45 

between 2004-2006 [4]. 46 

 47 

      The sunflower leaves are used in the Caucasus for the treatment of malaria 48 

fever, and the its seeds are considered as diuretic and expectorant and used in the 49 

bronchial infections, cold and cough and the importance of this plant in the world 50 

[5]. In general and on the level of Iraq in particular their low productivity in Iraq, 51 

we must use the best methods and new technologies. Among these technologies the 52 

one that provided by technical science "technologies minor" or Nanotechnology, in 53 

which nanomaterials are used in sizes ranging from 1-100 nm [6]. 54 

 55 

     The usage of nanosilver particles is considered to be one of the most popular 56 

and widely used methods at the commercial level because of the positive effects on 57 

plants, in addition to being the only nano available in this time in Iraq [7,8].    58 

 59 

    Organic fertilizer (Algastar) also considered as an organic, natural fertilizer that 60 

extracted from marine extracts which is  rich in amino acids and natural hormones 61 

and consists of nitrogen (1%) potassium (18%) alginic acid by more than 10%, 62 

sulfur 1.3% , plant growth regulators  and organic matter by 45%. There with  it 63 

contributes to an increase in the proportion of germination and works to produce 64 

strong seedlings, and increase productivity and fruit quality, and it is  valid for use 65 

with all types of crops. 66 

 67 

    The use of salicylic acid on the other hand has an important role in enhancing 68 

the plant positive growth, in addition to its being one of the growth regulators with 69 

a phenolic nature. It participates in the regulation of many physiological processes 70 

in the plant, such as the closure of stomata, photosynthesis, uptake of ions, bio-71 

inhibition of ethylene, and stress tolerance and throw off the free radicals and its 72 
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negative effects [9,10]. Given the importance of nutritionally and its use in the 73 

production of  unsaturated vegetable oils with a special importance in human 74 

health, and to increase the yield of winning the unity of space and the lack of 75 

information on the effects of silver nanoparticles on the plant became the aim of 76 

this study and finding the effect of combinations of the above factors mentioned 77 

and its interventions in the fatty acids. 78 

 79 

 80 

 81 

2. MATERIALS AND METHODS 82 

 83 

The experiment was carried out from period 05/03/2013 until 18/06/2013 in the 84 

College of Agriculture /University of Wasit. A piece specified as agricultural field, 85 

amounting to 364 m2 (40.5 m length × 9 m width). It was divided into three sectors 86 

area of each sector amounted to 121.5 m2 (40.5 m length × 3 m width) and every 87 

sector contains 27 panels with a total of 81 panels, the area of each plate (1.5 m × 88 

3 m) and in one panel contained 20 seeds. Sixty five day after sowing the seeds the 89 

resulted plant shoots were sprayed with 25 and 50 ml/l of nanosilver and 0.75 and 90 

1.5 g/l of Algastar and salicylic acid 60 and 120 mg/l in addition to the control 91 

treatment. 92 

         93 

A manual sprinklers were used (1 litre) capacity, for each concentration of 94 

previously prepared solution already mentioned, the comparison treatment has 95 

been sprayed by distilled water only. 96 
 97 

          98 

 The harvested plants  was measured following characteristics: extraction, isolate 99 

and diagnose of vicine in seeds according to [11], estimation of  some fatty acids 100 

(saturated and unsaturated) in the seeds according to [12]. 101 

 102 

 2.1 STATISTICAL ANALYSIS 103 

       104 

         Statistical analysis was carried out by three-way ANOVA using SPSS. The 105 

data sets were analysed by using randomized completely block design (RCBD) 106 

with three replicates of each treatment (3×3×3×3). Least significant difference 107 

(p<0.05) values were calculated for comparisons of treatment means [13]. 108 

 109 

3.RESULTS AND DISCUSSION 110 

1-Estimation of vicine (mg/g)  111 
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      The obtained results table (1) showed that using of nanosilver leads to reduces 112 

the content of vicine in seeds. With increasing the concentrations of particles 113 

nanosilver from 25 ml/l and 50 ml/l the vicine content were decreased from 0.4885 114 

to 0.5681 mg/g. Organic fertilizer (Algastar) is the other hand showed a clear 115 

reduction content of vicine in seeds with increasing concentrations used as given 116 

level of 1.5 g/l (0.5348 mg/g) compared with the least concentration and treatment 117 

comparison that gave 0.5785 and 0.6393 mg/g respectively, Also the use of 118 

salicylic acid at different levels resulted in  clear reduction content of vicine in 119 

seeds, the used concentration of caused reduction in vicine reached to 0.5485 mg/g 120 

for 120mg/l compared with concentration of 60 mg/l and the treatment of 121 

comparison which gave 0.5856 and 0.6185 mg/g, respectively. 122 

Table 1. The effect of nanosilver, organic fertilizer (Algastar) and salicylic 123 

acid and interaction with each other on content of vicine (mg/g) in the 124 

                                                       seeds 125 

 126 

Particles 
nanosilver 

(ml/l) 

Organic 
fertilizer(Algastar) 

(g/l) 

Salicylic acid (mg/l) Two way interaction 
between nanosilver and 

organic fertilizer 
0 60 120 

0 0 0.7733 0.7500 0.6967 0.7400 
0.75 0.7267 0.7000 0.6700 0.6989 
1.5 0.6933 0.6467 0.6067 0.6933 

25 0 0.6467 0.6100 0.6000 0.6467 
0.75 0.5900 0.5567 0.5300 0.5589 
1.5 0.5667 0.5167 0.4967 0.5267 

50 0 0.5933 0.5667 0.5167 0.5589 
0.75 0.5100 0.4900 0.4333 0.4778 
1.5 0.4667 0.4333 0.3867 0.4289 

Average salicylic acid (mg/l) 0.6185 0.5856 0.5485 
0.0209 LSD %0.05                                  0.0120  

Three way interaction                                     N.S 
Nanosilver (ml/l) Salicylic acid (mg/l) Average nanosilver 

(ml/l) 0 60 120 
0 0.7311 0.6989 0.6578 0.6959 
25 0.6011 0.5611 0.5422 0.5681 
50 0.5233 0.4967 0.4456 0.4885 

Two way interaction                                    N.S  0.0120 

Organic fertilizer (g/l) 
Salicylic acid (mg/l) Average organic fertilizer 

(g/l) 0 60 120 
0 0.6711 0.6422 0.6044 0.6393 

0.75 0.6089 0.5822 0.5444 0.5785 
1.5 0.5756 0.5322 0.4967 0.5348 

Two way interaction                                    N.S 0.0120 

        127 

The two way interaction between nanosilver particles and organic fertilizer 128 

(Algastar) in its high concentrations is established vicine content reached 129 

0.4289 mg/g, which differs significantly from  the combination that consists of 50 130 
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ml/l nanosilver and 0.75 g/l organic fertilizer which gave 0.4778 mg/g and the 131 

comparison treatment that gave 0.7400 mg/g.  Regarding the two way interaction 132 

between nanosilver particles and salicylic acid from aside, and between the organic 133 

fertilizer and salicylic acid on  the other side and the three way interaction  among 134 

the parameters previously mentioned didn’t achieve, any effect in the vicine seeds 135 

content. 136 

 137 

2-Saturated fatty acid Palmitic (µg/ml)  138 

      Results table (2) showed that the treated plants with nanosilver particles led to 139 

significant reduction in saturated fatty acid (Palmitic) as the rate reached  140 

 141 

Table (2 ) effect of nanosilver, organic fertilizer (Algastar) and salicylic acid 142 

and interaction with each other on content of saturated fatty acid Palmitic 143 

(µg/ml) in the seeds 144 

 145 

Particles 
nanosilver 

(ml/l) 

Organic 
fertilizer(Algastar) 

(g/l) 

Salicylic acid (mg/l) Two way 
interaction  

between nanosilver 
and organic 

fertilizer 

0 60 120 

0 0 44.53 40.73 34.96 40.07 
0.75 38.47 32.84 29.75 33.68 
1.5 35.09 26.45 20.99 35.09 

25 0 31.75 27.45 22.38 31.75 
0.75 20.37 19.31 16.59 18.76 
1.5 19.05 17.73 15.09 17.29 

50 0 26.48 24.30 21.57 24.12 
0.75 19.37 17.46 16.89 17.91 
1.5 17.35 15.05 11.90 14.76 

Average salicylic acid (mg/l) 28.05 24.59 21.12 2.165 
LSD %0.05                                        1.250  

Three way interaction                                          N.S 
Nanosilver (ml/l) Salicylic acid (mg/l) Average nanosilver 

(ml/l) 0 60 120 
0 39.36 33.34 28.56 33.76 
25 23.72 21.50 18.02 21.08 
50 21.07 18.93 16.79 18.93 

Two way interaction                                        2.165  1.250 
Organic fertilizer(g/l) Salicylic acid (mg/l) Average organic 

fertilizer (g/l) 0 60 120 
0 34.25 30.83 26.30 30.46 

0.75 26.07 23.20 21.08 23.45 
1.5 23.83 19.75 15.99 19.86 

Two way interaction                                          N.S 1.250 

 146 

18.93 µg/ml when using the concentration of 50 ml/l, which differed significantly 147 

from the use of 25 ml/l concentration, which gave 21.08 µg/ml  from Palmitic acid 148 



6 

 

compared with control which amount of 33.76 µg/ml. Organic fertilizer  was also 149 

achieved a significant decrease in saturated fatty acid (Palmitic) when using 150 

different concentrations the concentration of 1.5 g/l gave 19.86µg/ml, which was 151 

significantly different from the use of 0.75 g/l concentration which gave 152 

23.45 µg/ml compared to control treatment 30.46µg/ml. Spraying with salicylic 153 

acid showed reduction in fatty acid (Palmitic), when using  the concentration 154 

120 mg/l that gave 21.12 µg/ml compared to the treatment control 28.05µg/ml also 155 

differed significantly when spraying with 60 mg/l, which gave 24.59µg/ml 156 

saturated fatty acid (Palmitic). 157 

       Two way interaction between nanosilver particles and organic fertilizer 158 

concentrations showed that the combination of 25 and 50 ml/l of nanosilver 159 

particles with 1.5 g/l of organic fertilizer (Algastar) gave the lowest level of  160 

saturated fatty acid Palmitic in seeds reached 17.29,14.76 µg/ml which was the 161 

lowest compared with all other treatment combinations of overlap, including 162 

control treatment amounting to 40.07µg/ml. 163 

      Two way interaction between the nanosilver particles and salicylic acid showed 164 

superiority of the combination consisting of 50 ml/l nanosilver particles and 120 165 

mg/l of salicylic acid, which gave the lowest level reached to 16.79µg/ml, which 166 

was not significantly different from the combination of 25 ml/l of nanosilver with 167 

120 mg/l of salicylic acid 18.02µg/ml or the combination consisting of 50 ml/l of 168 

particles nanosilver with 60 mg/l of salicylic acid  amounting 18.93µg/ml, but were 169 

less than all other interaction factors other including control treatment amounting 170 

to 39.36µg/ml. 171 

     The three way interaction had no significantly effect amoung the studied factors  172 

in the saturated fatty acid Palmitic of the sunflower seeds, as well as the two way 173 

interaction between organic fertilizer and salicylic acid. 174 

3-Saturated fatty acid Stearic (µg/ml)  175 

      The obtained results table (3) shows the effects of factors and its interventions 176 

in Stearic. Results in the table showed  that using the concentrations of 25 and 50 177 

ml/l of nanosilver  particles cause significant decrease in fatty acid about 1.259 178 

µg/ml,1.095 µg/ml respectively, compared to the treatment control amounting to 179 

2.875 µg/ml with no significant difference from each other. The organic fertilizer 180 

led to decrease in the saturated fatty acid Stearic with it concentrations 0.75 and 181 

1.5 g/l which were 1.599 µg/ml and 1.407 µg/ml  respectively, with no significant 182 

difference from each other, but they showed significant difference  from the 183 

control treatment which was 2.223 µg/ml. 184 

         185 
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The use of salicylic acid has led to significant effect  in saturated fatty acid by its 186 

concentrations 60 and 120 mg/l as it reached 1.669 µg/ml and 1.500 µg/ml 187 

respectively, both of which did not differ significantly from each other, but they 188 

disagree with control treatment which was 2.060µg/ml. 189 

 190 

Table (3)  effect of nanosilver, organic fertilizer (Algastar) and salicylic  acid    191 

and interaction with each other on content of  saturated fatty acid  Stearic  192 

(µg/ml)  in the seeds 193 

 194 

Particles 
nanosilver 

(ml/l) 

Organic 
fertilizer(Algastar) 

(g/l) 

Salicylic acid (mg/l) Two way interaction  
between nanosilver 

and organic fertilizer 
0 60 120 

0 0 4.307 3.907 3.173 3.796 
0.75 3.357 2.493 2.187 2.679 
1.5 2.660 1.947      1.843  2.660 

25 0 2.223 1.313      1.183  2.223 
0.75 1.150 1.107 1.047 1.101 
1.5 1.100 1.110 1.096 1.102 

50 0 1.657 1.167 1.077 1.300 
0.75 1.057 1.020 0.973 1.017 
1.5 1.033 0.953 0.917 0.968 

Average salicylic acid (mg/l) 2.060 1.669 1.500 
0.3413 LSD %0.05                                  0.1971 

Three way interaction                                      N.S 
Nanosilver (ml/l) Salicylic acid (mg/l) Average nanosilver 

(ml/l) 0 60 120 
0 3.441 2.782 2.401 2.875 
25 1.491 1.177 1.109 1.259 
50 1.249 1.047 0.989 1.095 

Two way interaction                                    0.3413                      0.1971 
Organic fertilizer(g/l) Salicylic acid (mg/l) Average organic 

fertilizer(g/l) 0 60 120 
0 2.729 2.129 1.811 2.223 

0.75 1.854 1.540 1.402 1.599 
1.5 1.598 1.337 1.285 1.407 

Two way interaction                                      N.S 0.1971 

 195 

      The two way interaction between the nanosilver particles and organic fertilizer 196 

(Algastar) showed that all combinations containing nanosilver concentrations 25 197 

and 50 ml/l with organic fertilizer (Algastar) with its all concentrations were 198 

significantly lower than the treatment organic fertilizer (Algastar) without the use 199 

of nanosilver. 200 

     The two way interaction between the nanosilver particles and salicylic acid had  201 

significant effect on seeds content of saturated fatty acid Streaic, such 202 

combinations containing nanosilver with 60 and 120 mg/l salicylic acid caused 203 

significant decrease in the Stearic compared with other treatments that didn’t 204 

include nanosilver paticles. While the two way interaction between organic 205 

fertilizer and salicylic acid showed no significant impact. Also the three way 206 
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interaction between the factors didn’t achieved any significant effect on the 207 

saturated fatty acid Stearic in plant seeds. 208 

 209 

4-Saturated fatty acid Myristic (µg/ml) in the seeds 210 

       The obtained results table (4) showed that the addition of nanosilver with 211 

concentrations of 25 and 50 ml/l caused a significant decrease in saturated fatty 212 

 213 

Table (4)  effect of nanosilver, organic fertilizer (Algastar) and salicylic acid 214 

and interaction with each other on content of  saturated fatty acid Myristic 215 

(µg/ml) in the seeds 216 

 217 

Particles 
nanosilver 

(ml/l) 

Organic 
fertilizer(Algastar) 

(g/l) 

Salicylic acid (mg/l) Two way interaction  
between nanosilver 

and organic 
fertilizer 

0 60 120 

0 0 11.50 9.75 10.28 10.51 
0.75 6.59 6.15 5.91 6.22 
1.5 6.06 7.56      3.91  6.06 

25 0 6.74 5.14     4.91  6.74 
0.75 5.56 4.48 6.94 5.66 
1.5 5.19 3.63 3.36 4.06 

50 0 6.74 5.23 4.94 5.64 
0.75 4.89 5.05 4.22 4.72 
1.5 5.98 4.38 3.08 4.48 

Average salicylic acid(mg/l) 6.58 5.71 5.28  
2.25 LSD %0.05 N.S   

Three way interaction N.S 
Nanosilver (ml/l) Salicylic acid (mg/l) Average nanosilver 

(ml/l) 0 60 120 
0 8.05 7.82 6.70 7.52 
25 5.83 4.42 5.07 5.11 
50 5.87 4.88 4.08 4.95 

Two way interaction                                         N.S  1.29 
Organic fertilizer(g/l) Salicylic acid (mg/l) Average organic 

fertilizer(g/l) 0 60 120 
0 8.33 6.71 6.71 7.25 

0.75 5.68 5.23 5.69 5.53 
1.5 5.74 5.19 3.45 4.79 

Two way interaction                                         N.S  1.29 

 218 

acid of Myristic (5.11µg/ml and 4.95µg/ml, respectively) with no significant 219 

difference  from each other, but they disagreed with control treatment which was 220 

was7.52µg/ml. The use of organic fertilizer with concentrations of 0.75 and 1.5 g/l 221 

led to a significant decrease in saturated fatty acid Myristic reached to 5.53µg/ml 222 

and 4.79µg/ml respectively (with no significant difference from each other), but 223 

they disagreed with control treatment which was 7.25µg/ml. Also salicylic acid 224 

didn’t  achieve any significant effect. 225 
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 226 

      The two way interaction between the nanosilver particles and organic fertilizer 227 

(Algastar) showed that all combinations of concentrations nanosilver particles (25 228 

and 50 ml/l) with (0.75 and 1.5g/l) of orgnic fertilizer didn’t differ from each other 229 

significantly, but it was less compared with  the treatment that didn’t include 230 

nanosilver particles or organic fertilizer which was 10.51 µg/ml. The two way 231 

interactions between nanosilver particles and salicylic acid concentration and 232 

organic fertilizer with salicylic acid on the other hand which didn’t achieve any 233 

significant effect in the saturated fatty acid Myristic. Also the three way interaction 234 

of studied factors didn’t had significant influence in the saturated fatty acid 235 

Myristic. 236 

 237 

5-Saturated fatty acid Archaic (µg/ml)  238 

      Results table (5) show the saturated fatty acid Archaic in seeds which 239 

decreased significantly with increasing the used  concentrations of used nanosilver 240 

particles as it 0.125 µg/ml  reached when used the concentration of 50 ml /l, which 241 

was significantly different from the concentration of 25 ml/l, which reached 242 

0.282µg/ml and the treatment of control  amounting to 0.535µg/ml. The use of 243 

organic fertilizer (Algastar) showed effect on saturated fatty acid Archaic reached 244 

0.209 µg/ml  when using 1.5 g/l, which didn’t differ from the least concentration 245 

0.75 g/l, which gave 0.261µg/ml but  differ significantly for the control treatment 246 

which was 0.473µg/ml. Salicylic acid with the concentration of 120 mg/l achieved 247 

a reduction in seed content of saturated fatty acid Archaic reached to 0.252µg/ml, 248 

which was significantly different from the use of 60 mg/l as it gave 0.300µg/ml 249 

and differs from the control treatment 0.390µg/ml. The two way interaction 250 

between concentrations nanosilver particles and organic fertilizer (Algastar) 251 

showed that the combinations of concentrations nanosilver particles (25 to 50 ml/l) 252 

with (0.75 and 1.5g/l) of organic fertilizer gave a lower level of saturated fatty acid 253 

Archaic in seeds, compared to the treatment control amounting to 0.801µg/ml, or 254 

compared with the use of 0.75 and 1.5 g/l of organic fertilizer without the use of 255 

nanosilver which was 0.444% and 0.360% respectively. 256 

 257 

       The two way interaction between nanosilver and salicylic acid explained that 258 

combinations of nanosilver with concentrations of 25 or 50 ml/l with 60 and 120 259 

mg/l of salicylic acid caused reduction in saturated fatty acid significantly when 260 

compared with the control treatment which included salicylic acid (from without 261 

nanosilver). 262 

 263 
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     Two way interaction between the concentrations of organic fertilizers and 264 

salicylic acid also showed all combinations of organic fertilizer (0.75 and 1.5 g/l) 265 

with concentrations of salicylic acid (60 and 120 mg/l) caused result  in saturated 266 

fatty acid Archaic less than the control treatment amounting to 0.620 µg/ml or  267 

 268 

Table (5) effect of nanosilver, organic fertilizer(Algastar) and salicylic acid 269 

and interaction with each other on content of  saturated fatty acid Archaic 270 

(µg/ml) in the seeds 271 

 272 

Particles 
nanosilver 

(ml/l) 

Organic fertilizer 
(Algastar) 

(g/l) 

Salicylic acid (mg/l) Two way 
interaction  

between nanosilver 
and organic 

fertilizer 

0 60 120 

0 0 1.047 0.817 0.540 0.801 
0.75 0.487 0.393 0.453 0.444 
1.5 0.407 0.310      0.363  0.407 

25 0 0.663 0.457      0.310  0.663 
0.75 0.327 0.210 0.143 0.227 
1.5 0.167 0.133 0.127 0.142 

50 0 0.167 0.137 0.117 0.140 
0.75 0.110 0.110 0.113 0.111 
1.5 0.137 0.133 0.100 0.123 

Average salicylic acid (mg/l) 0.390 0.300 0.252  
0.096 LSD %0.05 0.055 

Three way interaction N.S 
Nanosilver (ml/l) Salicylic acid (mg/l) Average nanosilver 

(ml/l) 0 60 120 
0 0.647 0.507 0.452 0.535 
25 0.386 0.267 0.193 0.282 
50 0.138 0.127 0.110 0.125 

Two way interaction 0.096 0.055 
Organic fertilizer(g/l) Salicylic acid (mg/l) Average organic 

fertilizer (g/l) 0 60 120 
0 0.620 0.470 0.322 0.473 

0.75 0.308 0.238 0.237 0.261 
1.5 0.237 0.192 0.197 0.209 

Two way interaction                                         0.096 0.055 

 273 

with the use of 60 or 120 mg/l of salicylic acid without organic fertilizer 274 

0.470µg/ml and 0.322µg/ml respectively. The three way interaction between the 275 

affecting factors didn’t  show any significant effect in the saturated fatty acid 276 

Archaic. 277 

 278 

6-Unsaturated fatty acid Linoleic (µg/ml)  279 

       Table (6) shows the significance of effect study of factors and its interventions 280 

in the unsaturated fatty acid Linoleic. Results in the table showed that the use of 281 

nanosilver with 50 ml/l led to a significant increase in the proportion of unsaturated 282 

fatty acid Linoleic amounted to 26.59 µg/ml compared to the control of treatment, 283 
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  284 

Table ( 6) effect of nanosilver, organic fertilizer(Algastar) and salicylic acid 285 

and interaction which each other on content of  unsaturated fatty acid 286 

Linoleic (µg/ml) in the seeds 287 

 288 

Particles 
nanosilver 

(ml/l) 

Organic fertilizer 
(Algastar) 

(g/l) 

Salicylic acid (mg/l) Two way 
interaction  

between nanosilver 
and organic 

fertilizer 

0 60 120 

0 0 9.14 12.77 16.99 12.96 
0.75 15.88 17.50 18.16 17.18 
1.5 17.67 19.76     20.97  17.67 

25 0 18.96 21.06     22.90  18.96 
0.75 22.30 23.91 25.05 23.75 
1.5 23.68 23.50 26.06 24.42 

50 0 21.95 24.11 25.58 23.88 
0.75 25.42 26.35 27.24 26.34 
1.5 26.55 29.43 32.69 29.56 

Average salicylic acid (mg/l) 20.17 22.04 23.96 
1.313 

 
LSD %0.05                                        0.758   

Three way interaction                                         N.S 
Nanosilver (ml/l) Salicylic acid (mg/l) Average nanosilver 

(ml/l) 0 60 120 
0 14.23 16.68 18.71 16.54 
25 21.65 22.82 24.67 23.05 
50 24.64 26.63 28.50 26.59 

Two way interaction                                        N.S 0.758 
Organic fertilizer(g/l) Salicylic acid (mg/l) Average organic 

fertilizer(g/l) 0 60 120 
0 16.68 19.31 21.82 19.27 

0.75 21.20 22.59 23.48 22.42 
1.5 22.63 24.23 26.58 24.48 

Two way interaction                                       1.313 0.758 

 289 

while the concentration of 25 ml/l of nanosilver led to a significant increase in the 290 

acid above by 16.54 µg/ml compared to the control treatment. Its worth to mention, 291 

that the previously mentioned treatments differes from each other significantly. 292 

     293 

The use of salicylic acid also led to a significant increase in the unsaturated 294 

Linoleic acid where it reached 22.04µg/ml and 23.96µg/ml for treatment of 295 

salicylic acid 60 and 120 mg/l, respectively both of which differed from each other 296 

and  were higher than the treatment of control, which differed from them, 297 

amounting to 20.17µg/ml. 298 

       299 

Two way interaction between nanosilver particles and organic fertilizer showed 300 

significant positive impact in increasing the unsaturated fatty acid Linoleic, when 301 

used the combination consisting of 50 ml/l of nanosilver with 1.5 g/l of organic 302 
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fertilizer, which reached 29.56µg/ml and differed significantly from the rest of the 303 

other combinations including the comparison treatment amounting to 12.96 µg/ml.  304 

       305 

The two way interaction between fertilizer and salicylic acid combination 306 

consisting of high concentrations achieved a 1.5 g/l of organic fertilizer and 120 307 

mg/l of salicylic acid distinctive in the  unsaturated fatty acid Linoleic 26.58µg/ml, 308 

and the combination constituent of 0.75 and 1.5 mg/l organic fertilizer and 120and 309 

60 mg/l of salicylic acid  have achieved a high amount reached 23.48 µg/ml and 310 

16.68 µg/ml and 24.23 µg/ml respectively, and the two of them disagreed with 311 

each other and differed from the rest of the other combinations including control 312 

treatment.  313 

     The  two way interaction between the nanosilver and salicylic acid  didn’t have 314 

any significant effect in unsaturated fatty acid Linoleic. The two way interaction 315 

between the nanosilver and salicylic acid on the other side and three way 316 

interaction between the studied factors didn’t achieve any significant effect on 317 

unsaturated fatty acid Linoleic. 318 

 319 

7-Unsaturated fatty acid α- Linolenic (µg/ml)  320 

        321 

From the data presented table (7) that the use of nanosilver concentrations 25 and 322 

50 ml/l which led to a significant increase in the amount of unsaturated fatty acid 323 

α- Linolenic. The use of organic fertilizer (Algastar) showed effect on saturated 324 

fatty acid α- Linolenic reached 0.419 µg/ml  when using 1.5 g/l, which didn’t differ 325 

from the least concentration 0.75 g/l, which gave 0.390µg/ml but  differ 326 

significantly for the control treatment which was 0.113µg/ml. Also the use of 327 

salicylic acid also led to a significant increase in the unsaturated Linoleic acid 328 

where it reached 0.452µg/ml and 0.326µg/ml for treatment of salicylic acid 120 329 

and 60 mg/l, respectively both of which differed from each other and  were higher 330 

than the treatment of control, which differed from them, amounting to 0.247µg/ml. 331 

        332 

There was no significant effect for the two way interaction between nanosilver and 333 

organic fertilizer (Algastar) on the unsaturated fatty acid α-Linolenic. The two way 334 

interaction between nanosilver and salicylic acid showed that the combination 335 

constituent of 50 ml/l of nanosilver with the use of 60 and 120 mg/l of salicylic 336 

acid gave the highest amount of unsaturated fatty acid (α-Linolenic) amounted to 337 

0.646 µg/ml and 0.629 µg/ml respectively. 338 
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Table (7 ) effect of nanosilver, organic fertilizer(Algastar) and salicylic acid 339 

and interaction which each other on content unsaturated fatty acid                  340 

α-Linolenic (µg/ml) in the seeds 341 

      342 

Particles 
nanosilver  

(ml/l) 

Organic 
fertilizer(Algastar) 

(g/l) 

Salicylic acid (mg/l) Two way interaction  
between nanosilver 

and    organic 
fertilizer 

0 60 120 

0 0 0.135 0.126 0.119 0.126 
0.75 0.139 0.128 0.116 0.128 
1.5 0.160 0.150       0.140  0.160 

25 0 0.124 0.120       0.405  0.124 
0.75 0.130 0.114 0.667 0.304 
1.5 0.110 0.361 0.737 0.402 

50 0 0.663 0.407 0.383 0.484 
0.75 0.118 0.661 0.903 0.561 
1.5 0.647 0.870 0.600 0.706 

Average salicylic acid (mg/l) 0.247 0.326 0.452  
N.S LSD %0.05                                        0.113 

Three way interaction                                        0.339 
Nanosilver (ml/l) Salicylic acid (mg/l) Average nanosilver 

(ml/l) 0 60 120 
0 0.121 0.135 0.125 0.127 
25 0.145 0.199 0.603 0.315 
50 0.476 0.646 0.629 0.584 

Two way interaction                                        0.196 0.113 
Organic fertilizer(g/l) Salicylic acid (mg/l) Average organic 

fertilizer (g/l) 0 60 120 
0 0.129 0.218 0.302 0.216 

0.75 0.307 0.301 0.562 0.390 
1.5 0.306 0.460 0.492 0.419 

Two way interaction                                        0.196   0.113 

      343 

Also the combination of 25 ml/l of nanosilver with 120 mg/l of salicylic acid 344 

achieved a high amount of 0.603 µg/ml and despite the lack of difference in the 345 

last three combinations from each other, but they differed significantly from most 346 

other combinations and treatment control which was 0.121 µg/ml. The two way 347 

interaction between organic fertilizer and salicylic acid  effects  in  saturated fatty  348 

acid (α-Linolenic) showed that the combination consisting of 0.75 g/l of organic 349 

fertilizer with 120 mg/l of salicylic acid gave the highest of unsaturated fatty acid 350 

(α-Linolenic) 0.562 µg/ml, which was significantly different from all other 351 

combinations. The three way interaction between nanosilver and organic fertilizer 352 

and salicylic acid increased α-Linolenic when used the combination consisting of 353 

50 ml/l of nanosilver with 0.75 g/l of organic fertilizer and salicylic acid with 120 354 

mg/l which reached 903µg/ml and differed significantly from the rest of the other 355 

combinations including the comparison treatment amounting to 0.135 µg/ml . 356 

 357 

8-Unsaturated fatty acid Oleic (µg/ml)  358 



14 

 

      Results table (8) showed that the concentration of nano silver had significantly 359 

impact on unsaturated fatty acid Oleic, as the concentration of 50 ml/l recording 360 

the highest amount  49.90µg/ml, which differed significantly compared to the  361 

 362 

Table ( 8)  effect of nanosilver, organic fertilizer(Algastar) and salicylic acid 363 

and interaction which each other on content unsaturated fatty acid Oleic 364 

(µg/ml) in the seeds 365 

 366 

Particles 
nanosilver 

(ml/l) 

Organic fertilizer 
(Algastar) 

(g/l) 

Salicylic acid (mg/l) Two way 
interaction  

between 
nanosilver and 

organic 
fertilizer 

0 60 120 

0 0 13.12 16.77 22.06 17.32 
0.75 21.47 29.33 34.86 28.55 
1.5 26.93 32.75      38.50  26.93 

25 0 32.21 37.67     44.58  32.21 
0.75 45.17 49.75 50.00 48.31 
1.5 49.65 50.92 57.24 52.60 

50 0 40.68 43.66 47.78 44.04 
0.75 42.84 45.50 49.99 46.11 
1.5 55.98 57.53 65.11 59.54 

Average salicylic acid (mg/l) 36.45 40.43 45.57  
2.256 LSD %0.05 1.303 

Three way interaction N.S 
Nanosilver (ml/l) Salicylic acid (mg/l) Average 

nanosilver 
(ml/l) 

0 60 120 

0 20.50 26.29 31.81 26.20 
25 42.34 46.11 50.61 46.35 
50 42.34 46.11 50.61 49.90 

Two way interaction N.S 1.303 
Organic fertilizer (g/l) Salicylic acid (mg/l) Average 

organic 
fertilizer(g/l) 

0 60 120 

0 42.34 46.11 50.61 33.17 
0.75 36.49 41.53 44.95 40.99 
1.5 44.19 47.07 53.62 48.29 

Two way interaction                                 N.S 1.303 
 367 

concentration of 25 ml/l, which gave 46.35µg/ml while the treatment control was 368 

26.20 µg/ml. The use of organic fertilizer also has  significant effect on organic 369 

fertilizer respectively. The impact of  spraying salicylic acid treatment with 120 370 

mg/l achieved the highest rate of unsaturated fatty acid Oleic which was 45.57 371 



15 

 

µg/ml, that differed significantly from the use of concentration of 60 mg/l from 372 

which achived 40.43µg/ml and 36.45µg/ml treatment control. 373 

 374 

       The two way interaction between nanosilver and organic fertilizer (Algastar) 375 

showed that all combinations of nanosilver concentrations 25 and 50 ml/l with 0.75 376 

and 1.5 g/l of organic fertilizer cause a significant increase in the amount of 377 

unsaturated fatty acid Oleic compared to the treatment control. The higher amount 378 

of the Oleic acid was when the combination consisting of 50 ml/l nanosilver with 379 

1.5 g/l of organic fertilizer which reached 59.54µg/ml was the highest among all 380 

interaction factors or in comparison with the control 17.32µg/ml. 381 

 382 

      The two way interaction between nanosilver and salicylic acid and two way 383 

interaction between of organic fertilizer and salicylic acid in the other hand  and 384 

three way interaction between the three factors for the experience didn’t have any 385 

significant effect in the amount of unsaturated fatty acid Oleic. 386 

 387 

      The impact of the factors under this study which resulting in reduced the seed 388 

content of in table ( 1) may possibly be due to the use of materials and components 389 

available compounds in the plant to improve the vegetative and the content of the 390 

plant which was not enough for vicine manufacturing and increase the quantity of 391 

the seeds  this can be explained by the impact of nanosilver or organic fertilizer or 392 

salicylic acid as single or combined to disrupt the main ingredient in vicine Orotic 393 

acid compound which is responsible for the formation of pyrimidine ring and, 394 

which responsible for giving the toxicity of a compound vicine formation [14,15]. 395 

 396 

The influence on the qualitative oil or oil quality by the use of the factors under 397 

this study confirms the importance of such factors as reducing fatty acids and 398 

saturated Palmitic, Stearic, Myristic and Archaic tables (2, 3, 4, 5) and increase the 399 

unsaturated fatty acids Linoleic, α-Linolenic and Oleic tables (6, 7, 8). 400 

 401 

 Moradkhani et al. [16] also reached that treatment salicylic acid on leaf lipid 402 

metabolism probably in relation with chlorophyll synthesis, photosynthetic activity 403 

and carbon supply of sunflower plants. Salicylic acid also working increase in 404 

percentage of unsaturated fatty acids accompanied by the decrease in saturated 405 

fatty acids proved the quality of oil. Polyunsaturated fatty acids from soybean oil 406 

are essential for human diet because of lowering the risk of heart diseases related 407 

to cholesterol oxidation. In addition, consumption of Oleic, Linoleic and α-408 

Linolenic acids lowers the level of low density lipoprotein (LDL) in human blood 409 

[17]. Abd El-Razek et al.[18] concluded  that the foliar spray with salicylic acid on 410 

olive trees working on control of biosynthetic pathways leading to the production 411 
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of specific metabolites as essential oils are controlled by enzymes, which in turn 412 

are mainly effected by growth regulators.  413 

 414 

 Also affected the two way interaction affected on nanosilver and organic fertilizer, 415 

especially high combinations each 50 ml/l of nanosilver with 1.5 g/l of organic 416 

fertilizer to the positive effects of the increase in unsaturated fatty acids 417 

Linoleic,Oleic reached 128.08% and 243.76%, respectively, compared to the 418 

treatment comparison for each of them, while a combination of interference 419 

showed 50 ml/l of nanosilver with 0.75 g/l of organic fertilizer and 120 mg/l of 420 

salicylic acid increase in the proportion of fatty acid α-Linolenic reached 568.88%, 421 

or more than five times from the comparison treatment, which didn’t differ from 422 

the combination consisting of 50 ml/l of nanosilver with 1.5 g/l of organic fertilizer 423 

and 60 mg/l of salicylic acid, which are the other recorded an increase in saturated 424 

fatty acid α-Linolenic reached 544.44% thus it possible to be an alternative 425 

combination. 426 

 427 

  4.CONCLUSIONS 428 

      All the factors worked with its single effect and two way interaction consisting 429 

of nanosilver and organic fertilizer and with its high concentrations in reduction of 430 

the amount of vicine in the sunflower seeds. 431 

      The use of nanosilver led to a reduction in the amount of saturated fatty acids 432 

Palmitic, Stearic, Myristic, Archaic concentration when using 50 ml/l that reached 433 

60.76%, 61.90%, 38.16% and 76.60% respectively, compared to the treatment 434 

comparison for each one of them, while nanosilver  worked alone to increase the 435 

amount of unsaturated fatty acid Linoleic, α-linolenic and Oleic, when using the 436 

concentration of 50 ml/l which reached to 60.76%, 35.80% and 90.45%, 437 

respectively, compared to the treatment comparison for each of them. 438 

 439 

     The impact of two way interaction between nanosilver and organic fertilizer, 440 

especially  the high combinations of 50 ml/l of nanosilver with 1.5 g/l of organic 441 

fertilizer led to a positive effects in the increase the unsaturated fatty acids Linoleic 442 

Oleic, amounted to 128.08% and 243.76% respectively, compared to the treatment 443 

comparison for each on of them. 444 

 445 
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