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ABSTRACT 

Different concentrations (0, 2 and 4 g/l) of complete fertilizer (Kristalon), salicylic acid (SA) (0, 50, 

100 and 200 ppm) and their interactions were foliar applied to German chamomile (Matricaria 

chamomilla L.) to assess their effects on growth and productivity. Obtained results demonstrated that 

there is linear relationship between increase in Kristalon or SA concentration and increase in most 

recorded parameters. The maximum values of plant growth characters (plant height and fresh and dry 

weights of plant), yield components (fresh and dry weights of flowers/plant, dry weight of 

flowers/feddan, essential oil %, essential oil yield/plant and feddan) and chemical constituents (total 

chlorophylls and the total percentages of carbohydrate, nitrogen, crude protein, phosphorus and 

potassium) were achieved by spraying the plants with the highest concentrations of Kristalon and SA. 
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1. INTRODUCTION 

German chamomile (Matricaria chamomilla 

L.) belongs to family Asteraceae is one of the 

most widely used medicinal plants in the world 

(Salamon, 2007). The flowers are used as herbal 

tea for cough and cold and for promoting the flow 

of gastric secretion and bile. It is also used in 

inflammatory diseases of the gastrointestinal tract 

and gastrointestinal spasm. Externally, it is used 

for skin, mucous membrane and ano-genital 

inflammation and bacterial skin diseases (Khare, 

2007). 

Plants normally take up nutrients from the soil 

through their roots although nutrients can be 

supplied to the plants as fertilizers by foliar 

sprays. Foliar feeding is a relatively new and 

controversial technique of feeding plants by 

applying liquid fertilizers directly to their leaves 

(Bernal et al., 2007 and Baloch et al., 2008). 

The role of macro and micronutrients is crucial 

in crop nutrition and thus important for achieving 

higher yields. The application of macro and 

micronutrient fertilizers in the cultivation zone 

may not be meeting the crop requirements for root 

growth and nutrient use.  The alternative approach 

is to apply these micronutrients as foliar sprays. 

Foliar application can guarantee the availability of 

nutrients to crops for obtaining high yields(Arif et 

al., 2006). 

Rapid uptake of nutrients applied to crop 

foliage ensures a fast response within the plant as 

micronutrients directly enter the metabolic 

processes. Micronutrients are completely available 

to the plant and thus particularly effective because 

they are not fixed or diluted in large volumes of 

soil (Baloch et al., 2008). 

Salicylic acid (SA) is important phytohormone 

that plays a role in response to biotic stresses and 

pathogenesis. Apart from this role, recent studies 

have demonstrated that SA also participates in the 

signaling of abiotic stress responses. The 

appropriate application of SA could provide 

protection against several types of environmental 

stresses (Hara et al., 2011). It has important role in 

the regulation of plant growth and development 

(Szepesi et al., 2008). It has been proven to be 

effective in enhancing plant growth (Shakirova et 

al., 2003; Gharib, 2006; Gunes et al., 2007 and 

Elwan and El-Hamahmy, 2009) and volatile oil 

production (Gharib, 2006). 

SA has a direct physiological effect through 

the alteration of antioxidant enzyme activities. 

Certain enzymes were activated by SA treatment, 

while others like catalase, were inhibited. Catalase 

seems to be a key enzyme in SA-induced stress 

tolerance, as it was inhibited by binding in several 

plant species (Chen et al., 1993; Conrath et al., 

1995). 
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   Table (1): Physical and chemical properties of the  

                       experimental farm soil. 

Sand % 86.50 Cl- % 2.00 

Slit % 8.35 SO4
- - % 4.86 

Clay % 5.15 CaCO3 % 3.10 

Soil texture Sandy Macro elements (ppm) 

Organic matter % 0.42 Nitrogen 10.15 

pH 7.5 Phosphorus 7.23 

EC (mmohs/cm) 0.42 Potassium 5.40 

Soluble ions cmol kg -1 Micro elements (ppm) 

Ca++ 0.014 Fe 10.6 

Mg++ 0.011 Cu 0.85 

Na+ 0.096 Zn 1.25 

HCO3 % 2.50 Mn 0.80 

 

Although there are a few hydroponical 

experiments conducted to study the effect of 

feeding German chamomile roots with SA on the 

biosynthesis of coumarin (Pastírová et al., 2004) 

or phenolic (Kováčik et al., 2009), no available 

literature about the effect of SA on German 

chamomile plant growth and productivity. 

Up to now there exist only a few publications 

on the effect of foliar spray with fertilizers and SA 

and their interaction effect on plant growth and 

development but no information has been reported 

concerning the effect of these treatments on 

German chamomile plant growth and production. 

Therefore, the present paper was designed to 

evaluate the influence of foliar application with 

different concentrations of complete fertilizer 

(Kristalon), salicylic acid and their interactions on 

German chamomile plant growth and productivity.            

                                               

2. MATERIALS AND METHODS 

This study was performed at a private farm at 

Salhia, Sharkia Governorate, Egypt, during the 

two consecutive seasons of 2009/2010 and 

2010/2011. The aim was to investigate growth, 

flowering and chemical composition of German 

chamomile (Matricaria chamomilla L.) as 

influenced by a complete fertilizer (Kristalon) and 

salicylic acid. Physical and chemical properties of 

the experimental farm soil are presented in Table 

(1). 

Seeds of German chamomile (Matricaria 

chamomilla L.) were obtained from the Research 

Centre of Medicinal and Aromatic Plants, Dokky, 

Giza and were sown in the nursery on the 8
th
 of 

October during both seasons (2009 and 2010). 

Uniform seedlings (about 10 cm length) were 

transplanted after 40 days from sowing. Drip 

irrigation system was used. Chicken manure was 

added during soil preparation at the rate of 20 

m
3
/feddan. The experimental plot area was 2 × 3 

meter included five rows; each row was 60 cm 

apart. The distance between plants was 40 cm. 

Each plot contained 25 plants.  

The statistical layout of this experiment was 

split plot design with three replicates. Each 

replicate was represented by one plot. Levels of  

Kristalon (0, 2 and 4 g/l) were arranged in the 

main plots while salicylic acid concentrations (0, 

50, 100 and 200 ppm) were assigned at sub-plots. 

The total experimental treatments were twelve. 

Kristalon was obtained from Hydro Agric. Trade 

Egypt Co. The chemical composition of Kristalon 

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%. 

The plants were sprayed with aqueous solution 

of complete fertilizer (Kristalon) and salicylic acid 

three times, the first one at 21 days after 

transplanting, while the second and the third ones 

were applied at 15 days intervals after the first one 

in both seasons. All plants received normal 

agricultural practices when they needed. 

Plants from the middle lines of drip irrigation 

at full flowering stage were used to record the 

vegetative growth parameters as follows; plant 

height (cm), number of branches per plant and 

fresh and dry weight of the plant (g). 

Six successive harvests of chamomile flower 

heads were taken at intervals of about seven days 

and the following data were recorded; Fresh 

weight of flowers per plant (g), dry weight of 

flowers per plant (g) and dry weight of flowers per 

feddan (kg). The flowers were air dried in shade. 

Essential oil percentage was determined in 

dried flower samples according to Anonymous 

(1996). Essential oil yield per plant (g) was 

calculated by multiplying the essential oil 

percentage by flower dry weight of the plant. 

Essential oil yield per faddan was calculated by 

multiplying the essential oil yield of the plant by 

the number of plants per feddan. 

Total chlorophylls (a+b) content (mg/g) was 

determined in fresh leaves according to (Gross, 

1991). Samples from dry herb of each treatment 

were used to determine the following chemical 

constituents: total carbohydrate percentage   was 

determined according to Herbert et al. (1971) and 

then total carbohydrate content per plant was 

calculated, total nitrogen percentage was 

http://www.nature.com/nature/journal/v372/n6508/abs/372739a0.html
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determined as described by Naguib (1969). Total 

crude protein percentage was calculated, total 

phosphorus percentage was determined according 

to the methods adapted by Hucker and Catroux 

(1980) and potassium percentage was determined 

according to the method described by Brown and 

Lilleland (1964). 

The recoded data were statistically analyzed, 

and the means were compared using Duncan 

multiple range test according to (Gomez and 

Gomez, 1984). 

 

3. RESULTS AND DISCUSSION 

3.1. Vegetative growth parameters 

From the data presented in Table (2) it was 

observed that, both plant height and the number of 

branches/plant were significantly enhanced by 

increasing Kristalon rate. The highest means of 

plant height (88.21 and 83.34 cm) and the number 

of branches/plant (35.33 and 32.83) were recorded 

with the highest rate of Kristalon (4 g/l) during 

both seasons, respectively. Plant height and the 

number of branches/plant were gradually 

increased with increasing the applied 

concentration of SA up to 50 ppm while higher 

concentration (100 ppm) resulted in lower values. 

The exception was that there was no significant 

difference in the number of branches/plant 

between 50 and 100 ppm SA during the second 

season.  

   The interaction between different 

concentrations of  both Kristalon and SA showed 

that the highest values of plant height and the 

number of branches/plant were recorded when the 

plants were sprayed with the highest Kristalon 

concentration combined with 50 or 100 ppm SA. 

Concerning the fresh and dry weights of the 

plants (Table 3), it is clear that increasing the 

applied concentration of Kristalon or SA within 

the examined range significantly enhanced fresh 

and dry weights of the plants. The highest 

significant values of fresh and dry weights (192.99 

-196.15 and 42.49 - 45.21 g) were obtained by 

treating the plants with the highest rates of 

Kristalon (4 g/l) and SA (100 ppm) during both 

seasons, respectively. 

The present results suggest that there is linear 

relationship between increase in foliar fertilizer 

rate and increase in plant growth parameters. This 

effect was also reported on other plants such as 

Ruta graveolens (Naguib et al., 2005 and El-

Sherbeny et al., 2008), Capsicum annuum (Baloch 

et al., 2008) and Iris tingitana (Taha, 2012). This 

might be attributed to the fact that foliar nutrition 

treatments can serve as an efficient method of 

improving the level of mineral nutrient utilization 

and, in consequence, plant fitness (Elmer et al., 

2007).   

The enhancing effect of SA especially at 

moderate concentration on growth reported here 

was previously demonstrated by many 

investigators (Mendoza et al., 2002, Shakirova et 

al., 2003, Gharib 2006, Gunes et al,. 2007 and 

Elwan and El-Hamahmy, 2009). Plant growth 

stimulation as a response of some SA doses can be 

attributed to a change in the hormonal status 

(Shakirova et al., 2003) or for the improvement of 

photosynthesis, transpiration and stomatal 

conductance (Stevens et al., 2006). Other reason is 

that SA had a stimulative effect on the size of the 

root which reflected on plant growth (Gutierrez-

Coronado et al., 1998 and Sandoval-Yepiz, 2004). 

It is clear that SA importantly contributes to 

growth and development regulation, although the 

biochemical mechanisms that mediate most of 

these responses remain largely unknown (Vicente 

and Plasencia, 2011). 

3.2. Yield components 

There was a significant linear relationship 

between the increase in Kristalon or SA 

concentrations and the increase in fresh and dry 

weights of flowers/plant (Table 4). Spraying 

plants with the highest concentration of Kristalon 

or SA gave the highest flower fresh and dry 

weights per plant. 

Generally, the highest values of fresh and dry 

weights of flowers/plant were resulted from the 

combination between the highest concentrations 

of Kristalon (4 g/l) and SA (100 ppm) which 

produced 144.83 - 136.72 g and 28.83 - 26.93 g 

during both seasons, respectively. On the other 

hand, the lowest fresh and dry weights of 

flowers/plant were obtained from plants which 

were not sprayed with either Kristalon or SA 

(control). 

Dry flowers yield /feddan followed the similar 

trend of dry weight of flower per plant since the 

maximum yield was recorded by treating the 

plants with either Kristalon or SA each alone 

(Table 5). The highest dry flowers yields (504.53 

and 471.28 kg/feddan) were gained when the 

plants were sprayed with the highest concentration 

of both Kristalon and SA during both seasons, 

respectively. There was no significant difference 

between moderate (50 ppm) and high (100 ppm) 

concentrations of SA in the first season. 

As shown in Table (5), it could be concluded 

that as the concentration of Kristalon increased, 

the volatile oil percentage increased throughout 

the examined range. The highest concentration of  
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 Table (2): Effect of complete fertilizer (Kristalon) and salicylic acid concentrations on plant height and the number of branches per plant 

             of  German chamomile (Matricaria chamomilla L.)  during both seasons. 

Kristalon 

Conc. (g/l) 

Salicylic acid conc. (ppm) 

0.0 25 50 100 Mean  0.0 25 50 100 Mean  

 First  season Second season 

Plant height (cm) 

0.0 71.23 a 77.00 b 84.06 e 82.10 d 78.60 A 71.26 a 74.50 c 79.73 e 78.60 d 76.02 A 

2.0 77.06 b 80.30 c 88.00 g 83.88 e 82.31 B 73.10 b 78.36 d 82.70 g 81.26 f 78.85 B 

4.0  80.94 c 85.51 f 93.96 h 92.43 h 88.21 C 77.56 d 81.33 f 85.23 h 89.23 i 83.34 C 

Mean  76.41 A 80.93 B 88.67 D 86.13 C  73.97 A 78.06 B 83.88 D 81.70 C  

 Number of branches per plant 

0.0 29.00 a 30.00 ab 33.00 cd 30.66 b 30.66 A 27.00 a 29.00 c 31.00 de 30.66 d 29.41 A 

2.0 31.00 bc 32.00 c 35.00 d 34.00 d 33.00 B 28.00 b 30.00 cd 32.33 e 31.33 de 30.41 B 

4.0  32.00 c 35.00 d 37.33 e 37.00 e 35.33 C 30.00 cd 32.00 e 35.33 g 34.00 f 32.83 C 

Mean  30.66 A 32.33 B 35.11 D 33.88 C  28.33 A 30.33 B 32.88 D 32.00 D  

 

 

    Table (3): Effect of complete fertilizer (Kristalon) and salicylic acid concentrations on the fresh and dry weights (g) of German chamomile 

                 (Matricaria chamomilla L.) plant during both seasons. 

Kristalon 

Conc. (g/l) 

Salicylic acid conc. (ppm) 

0.0 25 50 100 Mean  0.0 25 50 100 Mean  

 First  season Second season 

Fresh weight of plant (g) 

0.0 132.20 a 158.28 b 163.31 c 170.62 d 156.10 A 136.15 a 162.44 b 166.33 c 173.92 de 159.71 A 

2.0 168.40 d 172.55 e 178.00 g 181.52 h 175.11 B 171.55 d 175.44 e 181.03 g 184.92 h 178.23 B 

4.0  175.58 f 182.82 h 186.71 i 192.99 j 184.53 C 178.83 f 187.50 i 190.85 j 196.15 k 188.33 C 

Mean  158.72 A 171.22 B 176.01 C 181.71 D  162.17 A 175.12 B 179.40 C 184.99 D  

 Dry weight of plant (g) 

0.0 28.36 a 30.57 b 32.60 bc 34.61 cd 31.53 A 30.35 a 33.31 b 35.23 c 37.29 d 34.04 A 

2.0 30.56 b 33.55 c 35.51 cd 36.48 de 34.02 B 33.30 b 36.18 cd 37.22 d 38.76 e 36.36 B 

4.0  33.37 c 36.10 d 38.48 e 42.49 f 37.61 C 35.78 c 38.56 de 40.44 f 45.21 g 40.00 C 

Mean  30.76 A 33.41 B 35.53 C 37.86 D  33.14 A 36.02 B 37.63 C 40.42 D  
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Table (4): Effect of complete fertilizer (Kristalon) and salicylic acid concentrations on the fresh and dry weights (g) of German chamomile 

                    (Matricaria chamomilla L.) plant flowers during both seasons. 

Kristalon 

Conc. (g/l) 

Salicylic acid conc. (ppm) 

0.0 25 50 100 Mean  0.0 25 50 100 Mean  

 First  season Second season 

Fresh weight of flowers per plant (g)  

0.0 113.33 a 124.00 b 127.50 c 131.23 e 124.01 A 110.16 a 121.10 b 124.61 c 127.73 d 120.90 A 

2.0 125.13 b 130.60 de 134.63 f 138.20 g 132.14 B 121.66 b 125.93 cd 129.40 e 133.76 f 127.69 B 

4.0  129.46 d 133.20 f 137.23 g 144.83 h 136.18 C 126.50 130.93 e 133.73 f 136.72 g 131.97 C 

Mean  122.64 A 129.26 B 133.12 C 138.08 D  119.44 A 125.98 B 129.25 C 132.74 D  

 Dry weight of flowers per plant (g)  

0.0 19.42 a 21.32 b 22.25 bc 24.64 cd 21.91 A 17.93 a 20.39 b 21.62 bc 23.57 de 20.88 A 

2.0 22.26 bc 23.53 c 24.62 cd 26.83 e 24.31 B 20.80 b 23.15 d 23.96 de 24.10 e 23.00 B 

4.0  23.42 c 24.91 d 27.64 ef 28.83 f 26.20 C 21.88 c 23.93 de 25.87 f 26.93 g 24.65 C 

Mean  21.70 A 23.25 B 24.84 C 26.76 D  20.20 A 22.49 B 23.82 C 24.87 D  

 
 

Table (5): Effect of complete fertilizer (Kristalon) and salicylic acid concentrations on the dry flowers yield/feddan (kg) and volatile oil  

                   percentage of German chamomile (Matricaria chamomilla L.) plant during both seasons. 

Kristalon 

Conc. (g/l) 

Salicylic acid conc. (ppm) 

0.0 25 50 100 Mean  0.0 25 50 100 Mean  

 First  season Second season 

Dry flowers yield/feddan (kg) 

0.0 339.85 a 373.10 b 389.38 bc 431.20 cd 383.38 A 313.78 a 356.83 b 378.35 c 412.48 de 365.36 A 

2.0 389.55 bc 411.78 c 430.85 cd 469.25 e 425.36 B  364.00 b 405.13 d 419.30 e 421.75 e 402.55 B 

4.0  409.85 c 435.93 d 483.70 ef 504.53 f 458.50 C 382.90 c 418.78 e 452.73 f 471.28 g 431.42 C 

Mean  379.75 A 406.94 B 434.64 C 468.33 D  353.56 A 393.58 B 416.79 C 435.17 D  

 Volatile oil percentage 

0.0 0.537 a 0.560 b 0.580 c 0.583 c 0.565 A 0.503 a 0.520 b 0.540 cd 0.540 cd 0.526 A 

2.0 0.570 bc 0.580 c 0.600 d 0.600 d 0.587 B 0.510 ab 0.530 bc 0.540 cd 0.550 d 0.533 B 

4.0  0.580 c 0.603 de 0.613 e 0.630 f 0.607 C 0.520 b 0.540 cd 0.560 d 0.573 e 0.548 C 

Mean  0.562 A 0.581 B 0.598 C 0.604 C  0.511 A 0.530 B 0.547 C 0.554 C  
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Kristalon resulted in the maximum volatile oil 

percentage. Treating plants with SA resulted in 

enhancing of volatile oil percentage without 

significant difference between moderate (50 ppm) 

and high (100 ppm) concentrations. The 

interaction effect showed that the greatest 

volatile oil percentages were belonged to the 

treatment of 4 g/l Kristalon combined with 100 

ppm SA which produced 0.630 and 0.573% 

during both seasons, respectively. 

As seen in Table (6), spraying the plants with 

either Kristalon or SA could enhance volatile oil 

yield per plant and feddan. The highest 

concentration of each material gave the highest 

mean yield per plant and feddan. Comparing the 

interaction between different concentrations of 

Kristalon and SA showed that treating the plants 

with the highest concentration of Kristalon and 

SA proved to be the best treatment for enhancing the 

volatile oil yield either per plant (0.182 and 0.154 

ml) or feddan (3.19 and 2.70 L) during both 

seasons, respectively. 

The positive effect of spraying plants with 

fertilizers on yield has been reported in the present 

study and previously demonstrated by some 

investigators (Naguib et al., 2005, Baloch et al., 

2008 El-Sherbeny et al., 2008 and Taha, 2012). 

The increment in essential oil yield per plant and 

feddan as a result of treating plants with Kristalon, 

could be interpreted as a reflection of raising 

flower dry weight. On the other hand, the essential 

oil biosynthesis in the plant is the result of 

integration of several metabolic pathways which 

require linking of several steps such as continuous 

production of precursors, their transport and 

translocation to the active site of synthesis, and 

finally upon normal functioning of associated 

metabolic pathways such as carbon fixation, 

respiration, and isoprenoid pathway. This also 

may be due to the effect on enzyme activity which 

improved the essential oil metabolism (Naguib et 

al., 2005).  

The advantage of treating plants with SA for 

enhancing plant yield has been reported here and 

previously demonstrated by other researchers 

(Gharib, 2006; Gunes et al., 2007 and Elwan and 

El-Hamahmy, 2009). This beneficial effect of SA 

on yield may be due to the translocation of more 

photoassimilates toward flowers and essential oil 

production. Increase in volatile oil percentage and 

yield with respect to SA addition could be 

attributed to the fact that SA acts as a powerful 

inducing signal. SA indeed induces gene 

expression related to biosynthesis and production 

of some classes of secondary metabolites in plants 

(Taguchi et al., 2001). The sustained level of SA 

may be a prerequisite for the synthesis of auxin 

and/or cytokinin (Metwally et al., 2003), yet the 

influence of SA on essential oil production and 

secondary metabolism in general, has received 

little attention. It is well known now that the 

production of secondary metabolites can be 

enhanced by the treatment of the undifferentiated 

cells with elicitors such as salicylic acid. 

3.3.Chemical constituents 

Data in Table (7) indicate that, treating the plants 

with each compound (Kristalon or SA) promoted the 

formation of chlorophyll. The highest means of total 

chlorophyll content were recorded when the plants 

were sprayed with the highest concentration of each 

compound. The highest chlorophyll contents (4.96 

and 5.21 mg/g) were observed with the treatment of 

4 g/l Kristalon combined with 100 ppm SA during 

both seasons, respectively. 

As shown in Table (7), the average of total 

carbohydrate percentage was increased by increasing 

either Kristalon or SA concentration. There was no 

significant difference between the control and low 

Kristalon concentration  (2 g/l) treatments during the 

second season.  

The interaction between Kristalon and SA 

concentrations show that all the applied treatments 

resulted in significant increase in total carbohydrate 

percentage compared to the control treatment. The 

highest values belonged to the interaction treatments 

between high or moderate concentrations of SA (50 

and 100 ppm) and different concentrations of 

Kristalon. 

Tables (8 &9) show the effect of different 

concentrations of Kristalon and SA on nitrogen, 

crude protein, phosphorus and potassium 

percentages.  From these data it could be concluded 

that the highest concentration of each compound 

gave the highest significant average values.  Treating 

the plants with  the highest rate of Kristalon (4 g/l) 

and moderate (50 ppm) or high (100 ppm) 

concentrations of SA gave the highest values of 

nitrogen and crude protein percentages. Spraying the 

plants with the highest concentration of both 

compounds proved to be the best treatment for 

enhancing phosphorus and potassium percentages in 

the plants. 

The primitive effect of foliar fertilization on plant 

nutrients content ( Naguib et al., 2005 and Taha, 

2012), carbohydrate percentage ( Khalil et al., 

2001, Kandeel, 2002 and Naguib et al., 2005) and 

chlorophyll content (Aziz, 2004 and Naguib et al., 

2005) was previously reported and demonstrated in 

the current  research. This may  be  due  to  the effect 

of   foliar    nutrition  as  an  efficient  method   for   
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Table (6): Effect  of complete fertilizer (Kristalon) and salicylic acid concentrations on volatile oil yield per plant (ml) and feddan (L)  

                of German chamomile (Matricaria chamomilla L.) plant  during both seasons. 

Kristalon 

Conc. (g/l) 

Salicylic acid conc. (ppm) 

0.0 25 50 100 Mean  0.0 25 50 100 Mean  

 First  season Second season 

Volatile oil yield/ plant (ml) 

0.0 0.104 a 0.119 b 0.129 cd 0.144 e 0.124 A 0.090 a 0.106 b 0.117 c 0.127 de 0.110 A 

2.0 0.127 c 0.136 d 0.148 e 0.161 f 0.143 B 0.106 b 0.123 d 0.129 e 0.133 e 0.123 B 

4.0  0.136 d 0.150 e 0.169 g 0.182 h 0.159 C 0.114 c 0.129 e 0.145 f 0.154 g 0.136 C 

Mean  0.122 A 0.135 B 0.148 C 0.162 D  0.103 A 0.119 B 0.130 C 0.138 D  

 Volatile oil yield /faddan (L) 

0.0 1.82 a 2.08 b 2.26 c 2.52 d 2.17 A 1.58 a 1.86 b 2.05 c 2.22 de 1.93 A 

2.0 2.22 bc 2.38 cd 2.59 d 2.82 e 2.50 B 1.86 b 2.15 d 2.26 e 2.33 e 2.15 B 

4.0  2.38 c 2.63 d 2.96 f 3.19 g 2.79 C 2.00 c 2.26 e 2.54 f 2.70 g 2.38 C 

Mean  2.14 A 2.36 B 2.60 C 2.84 D  1.81 A 2.09 B 2.28 C 2.42 D  

 

 

Table (7): Effect of complete fertilizer (Kristalon) and salicylic acid concentrations on total chlorophylls content (mg/g, FW) and total  

                   carbohydrate percentage of German chamomile (Matricaria chamomilla L.) plant during both seasons. 

Kristalon 

Conc. (g/l) 

Salicylic acid conc. (ppm) 

0.0 25 50 100 Mean  0.0 25 50 100 Mean  

 First  season Second season 

Total chlorophylls content (mg /g, FW) 

0.0 2.61 a 2.81 b 3.53 c 4.00 d 3.24 A 2.75 a 3.00 b 3.75 cd 4.10 e 3.40 A 

2.0 2.96 b 3.55 c 4.13 d 4.63e 3.82 B 3.11 b 3.82 d 4.32 e 4.91 f 4.04 B 

4.0  3.35 c 3.97 d 4.52 e 4.96 f 4.20 C 3.55 c 4.14 e 4.72 f 5.21 g 4.40 C 

Mean  2.97 A 3.44 B 4.06 C 4.53 D  3.13 A 3.65 B 4.26 C 4.74 D  

 Total carbohydrate percentage 

0.0 13.24 a 13.51 b 13.66 bc 13.90 c 13.58 A 13.41 a 14.11 c 14.68 de 15.01 ef 14.30 A 

2.0 13.63 bc 13.85 bc 14.11 cd 14.30 d 13.97 B 13.81 b 14.25 cd 14.63 de 14.91 e 14.40 A 

4.0  13.85 bc 14.11 cd 14.35 d 14.64 d 14.23 C 14.11 c 14.46 d 14.75 e 15.25 f 14.64 B 

Mean  13.57 A 13.82 B 14.04 C 14.28 D  13.78 A 14.27 B 14.68 C 15.05 D  
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Table (8): Effect of complete fertilizer (Kristalon) and salicylic acid concentrations on nitrogen and crude protein percentages of German 

                   chamomile (Matricaria chamomilla L.) plant during both seasons. 

Kristalon 

Conc. (g/l) 

Salicylic acid conc. (ppm) 

0.0 25 50 100 Mean  0.0 25 50 100 Mean  

 First  season Second season 

Nitrogen percentage 

0.0 2.05 a 2.35 bc 2.46 c  2.60 d 2.36 A 2.03 a 2.26 b 2.42 d 2.47 d 2.29 A 

2.0 2.09 a 2.44 c 2.63 d 2.75 e 2.48 B 2.25 b 2.35 c 2.47 d 2.63 f 2.42 B 

4.0  2.28 b 2.46 c 2.81 ef 2.90 f 2.61 C 2.32 c 2.55 e 2.60 ef 2.69 f 2.54 C 

Mean  2.14 A 2.42 B 2.63 C 2.75 D  2.20 A 2.38 B 2.50 C 2.60 D  

 Crude protein percentage 

0.0 12.81 a 14.68 bc 15.41 c 16.25 d 14.79 A 12.70 a 14.12 b 15.13 d 15.44 e 14.35 A 

2.0 13.10 a 15.27 c 16.45 d 17.18 e 15.50 B 14.06 b 14.72 c 15.44 e 16.43 g 15.16 B 

4.0  14.27 b 15.41 c 17.56 ef 18.16 f 16.35 C 14.52 c 15.93 f 16.25 g 16.81 h 15.88 C 

Mean  13.39 A 15.12 B 16.47 C 17.20 D  13.76 A 14.92 B 15.61 C 16.23 D  

 

 

      Table (9): Effect of complete fertilizer (Kristalon) and salicylic acid concentrations on phosphorus and potassium percentages of  

                          German chamomile (Matricaria chamomilla L.) plant during both seasons. 

Kristalon 

Conc. (g/l) 

Salicylic acid conc. (ppm) 

0.0 25 50 100 Mean  0.0 25 50 100 Mean  

 First  season Second season 

Phosphorus percentage 

0.0 0.433 a 0.467 ef 0.523 d 0.583 f 0.502 A 0.407 a 0.450 b 0.540 e 0.610 g 0.502 A 

2.0 0.460 b 0.537 e 0.640 g 0.650 g 0.572 B 0.470 c 0.540 e 0.617 g 0.620 g 0.562 B 

4.0  0.490 c 0.567 ef 0.680 h 0.713 i 0.613 C 0.510 d 0.590 f 0.650 h 0.683 i 0.608 C 

Mean  0.461 A 0.523 B 0.614 C 0.649 D  0.462 A 0.527 B 0.602 C 0.638 D  

 Potassium percentage 

0.0 1.83 a 2.07 c 2.15 d 2.23 e 2.07 A 1.84 a 2.05 d 1.99 c 2.14 ef 2.00 A 

2.0 1.88 a 1.97 bc 2.17 de 2.27 e 2.07 A 1.93 b 2.12 e 2.25 g 2.30 g 2.15 B  

4.0  1.94 b 2.02 c 2.29 e 2.40 f 2.16 B 2.00 c 2.18 f 2.36 h 2.42 i 2.24 C 

Mean  1.88 A  2.02 B 2.21 C 2.30 D  1.92 A 2.12 B 2.20 C 2.29 D  
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improving the level of mineral nutrient utilization 

and, in  consequence,  plant  nutritional  status and 

and fitness (Elmer et al., 2007). It could be proved 

that foliar absorption of mineral nutrients is from 

8 to 20 times more efficient than soil application. 

Nevertheless, such high efficiency is not 

commonly achieved in agricultural practice 

(Kuepper, 2003). 

The above mentioned results proved the 

enhancing effect of treating plants with SA on 

assessed chemical constituents. Many workers 

have also reported the stimulatory effect of SA on 

plant nutrients content (Kord and Hathout, 1992; 

Sarangthem and Singh, 2003 and Gharib, 2006), 

carbohydrate percentage (Gharib, 2006 and Elwan 

and El-Hamahmy, 2009) and chlorophyll content 

(Khurana and Makeshwari, 1978 and Gharib, 

2006). Application of SA might improve 

physiological performance in terms of production 

of photosynthates, total oil and dry matter yield, 

which can be related to increased nutrient uptake 

by SA-treated plants (Abad-Farooq and Misra, 

1983 and Cheol et al., 2001). This also may be 

attributed to an increase in photosynthesizing 

tissue, i.e., leaves (Zhou et al., 1999). Moreover, 

SA could play an important role in the 

bioproductivity of plants, that could be linked to 

the observed effect of promoting root length of 

plants (Gutierrez-Coronado et al., 1998 and 

Sandoval-Yepiz, 2004), where both studies 

indicated that the application of SA to the shoots 

of soybean and Tagetes erecta plants affected 

significantly the size of the root. 
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 تحسين إنتاجية البابونج الألماني بالرش الورقي
 بالسماد الكامل وحمض السلسليك

 
أحمد شاكر حسين جندي– هشام عبد العال الشامي   

 
جامعة الزقازيق- كلية الزراعة - قسم البساتين   

 
وحمض  (كريستالون) الكامل الورقي من السماد (لتر/ جم4، 2صفر، )رُشت نباتات البابونج الألماني بتركيزات مختلفة 

 بهدف تقدير تأثير ذلك على النمو والإنتاجية التباديل بينهما جزء فى المليون و400، 200، 100السلسليك بتركيزات صفر، 
أثبتت النتائج المتحصل عليها وجود علاقة خطية بين زيادة تركيز الكريستالون أو حمض السلسليك والزيادة فى . لهذا النبات

 (طول النبات والوزن الطازج والجاف للنبات)كما أمكن تحقيق أعلى القيم لصفات النمو . قيم معظم الصفات المسجلة
والمكونات  (نبات ونسبة الزيت الطيار ومحصول الزيت للنبات والفدان/الوزن الطازج والجاف للأزهار)ومكونات المحصول 

 (الكلوروفيل الكلي والنسب المئوية الكلية لكل من الكربوهيدرات والنتروجين والبروتين والفوسفور والبوتاسيوم)الكيميائية 
 .وذلك عند رش النباتات بأعلى تركيز من كل من الكريستالون وحمض السلسليك

 .77-67: (2013يناير  ) العدد الأول  (64)المجلد – جامعة القاهرة – المجلة العلمية لكلية الزراعة 

 
 




