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ABSTRACT  
 

Field experiment was carried out in the Experimental farm (Dimo), Faculty of Agriculture, Fayoum 
University, during two seasons of 2012/2013 and 2013/2014 to investigate the effect of macronutrient 
fertilization at rates 0, 50, 100 and 150 kg fed-1 and spraying active dry yeast at rates 0, 2 and 4 g L-1 on growth, 
seed yield, essential oil and its main components of caraway plants grown under newly reclaimed soils.  The 
obtained results showed that the treated caraway plants with NPK fertilizer or spraying active dry yeast either 
alone or in combination led to improve plant growth characters expressed as plant height, number of branches, 
fresh and dry weights of herb plant-1, number of umbels plant-1, diameter of umbel, fresh and dry weights of 
umbels plant-1 and weight of fruits plant-1, as well as, N, P and K percentages, total chlorophylls, carotenoids, 
total carbohydrates and essential oil %. GLC analysis of the volatile oil of caraway seed revealed the presence of 
Carvone, Limonene, Linalool, Pinene, Carveol and Dihydrocarvone. The mean values of Carvone (major 
compound) in the essential oil showed gradually increase due to increasing NPK dose from 50 to 100 then 150 
kg fed-1 the same trend was attained with active dry yeast.  
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Introduction 
 

Nowadays, more tendency for cultivation of medicinal and aromatic plants has shown in Egypt in order to 
cover the increasing demands of the local industries and it is a good source of hard currency, also, considered an 
important source of income in agriculture section of the national economy in many countries. 

Caraway (Carum carvi L.)  is one of the important aromatic plants belongs to the Apiaceae family. The 
dried fruit, commonly called seeds, contain 2-8% essential oil, with carvone and limonene as the principal 
components. Caraway seeds also contain lipids (13-21%), nitrogen compounds (25-35%), fiber (13-19%) and 
water (9-13%) Kocourkova et al., (1999). Caraway seed is used in meat, food and distillery industries due to its 
pleasant flavor and intense taste. Its antibacterial and fungicidal properties are important in pharmaceutical 
applications and also in human and veterinary medicine Sedlakova et al., (1998). Caraway is considered a 
feedstuff that increases milk production, improves taste and digestibility and reduces flatulence of cattle. 
Caraway essential oil is used as a natural inhibitor of sprouting, mainly in stored potatoes Kleinkopf et al., 
(2003). It has also antiseptic, pain sedative, antispasmodic, depletive and antioxidant properties Dyduch et al., 
(2006) and Sembratowicz and Czech, (2005). 

NPK fertilizer plays important roles in different physiological processes in the plant which were 
described by Lambers et al., (2000). The role of nitrogen in protoplasm formation and all proteins e.g. amino 
acids, nucleic acid, many enzymes and energy transfer materials ADP and ATP Russel (1973), the role of 
phosphorus as a major nutrient element, where phosphorus compounds are of absolute necessity for all living 
organisms, nucleo proteins constituting the essential substances of the cell and for cell division and development 
of meristematic tissues Yagodin (1982) and potassium is important for growth and elongation probably due to 
its function as an osmaticum and may react synergistically with IAA. Moreover, it promotes CO2 assimilation 
and translocation of carbohydrates from the leaves to storage tissues Mengel and Kirkby, (1987).  

Many investigators have reported the nutritional requirements of micronutrients for some plants. They 
concluded that NPK fertilizers had an important physiological and biochemical functions on structure of 
photosynthetic pigments, metabolism of carbohydrates and protein. These effects were observed with significant 
increase in vegetative growth, seed yield and essential oil content of the different plant species. The nutritional 
requirements of NPK for Apiaceae family, in this concern, Nofal et al., (2001), Kenawy (2010) and Sabra 
(2014) on  Ammi visnaga L., Badran et al., (2007a) and Gomaa and Youssef, (2007) on fennel and Milica et al., 
(2015) on caraway, anise and coriander. 

Active dry yeast is a natural safety biofertilizers causes various primitive effects on plants. It is considered 
as a natural source of cytokinins which stimulates cell division and enlargement as well as the synthesis of 
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protein, nucleic acid and B-vitamin, Amer (2004) on Phaseolus vulgaris L. It also releases CO2 which reflected 
in improving net photosynthesis, Kutzman and Fell, (2005). 

Sabra (2014) reported that active dry yeast as foliar fertilizer enhanced growth, plant nutritional and fixed 
oil yield of khella. Roselle (Hibiscus sabdariffa) plants sprayed with dry yeast at a rate of 2 g L-1, showed the 
highest yield of calyxes as revealed by Ahmed et al., (1998). Khedr and Farid, (2000) demonstrated that the 
effect of dry yeast is capability in induction of endogenous hormones like GA3 and IAA. Moreover, several 
investigators studied the response of other plants to application of dry yeast such as, Aly et al., (2007) on 
coriander, Hemdan (2008) on anise, Dahab et al., (2010) on marjoram and Kenawy (2010) on Hibiscus 
sabdariffa, L plants.  

Materials and Method 

The experiment was carried out during the two successive seasons of 2012/2013 and 2013/2014, at the 
Experimental Station, Faculty of Agriculture, Fayoum Univ. The physical and chemical analyses of soil in the 
experimental site are conducted according the standard methods described by Klute (1986) in Table (1). 

 
Table 1: Some physical and chemical properties of the experimental soil site (Data  average of two seasons).  

 pH 
(1:2.5) 

EC 
dSm-1 

CaCO3 
% 

Particle size distribution 
Texture class 

Sand % Silt % Clay % 
7.7 1.21 10.1 78.0 16.2 5.8 Sandy Loam 

Available nutrients (mg kg-1) Available Micronutrients (ppm) 
N P K Fe Zn Mn Cu 

18.05 9.85 266.5 2.20 0.31 0.85 0.15 
Catine ( meq L-1) Anine ( meq L-1) 

+Na +K ++Ca ++Mg  --
3CO -

3HCO -Cl --
4SO 

4.24 0.28 4.19 2.52 0 1.48 5.62 4.13 

 
Seeds of caraway were obtained from Research Center of Medicinal and Aromatic Plants, Ministry of 

Agriculture, Egypt. Seeds were sown on 2nd and 3th of November (for two seasons, respectively). Five seeds 
were sown in each hill at 30 cm apart and then were thinned (at the age of 30 days) to one plant. Plants received 
the normal agricultural practices as needed. 

Four levels as main plots from NPK recommended dose fertilizers (1:1:1) in the form of ammonium nitrate 
(33.5% N), calcium super phosphate (15 % P2O5) and potassium sulphate (48% K2O) at four rates (0, 50, 100 
and 150 kg fed-1) applied two times. The additions were added after 45 and 75 days from seed sowing, 
respectively.    

Three levels as sub-plots from spraying the plants with Active dry yeast ( Sacchaomyces cerevisiae)  was 
dissolved in warm water (38 C) followed by adding sugar at a ratio 1:1 to active growth and reproduction of 
yeast and left stand for 2 hours before spraying. The yeast was applied at the rates of 0, 2 and 4 gL-1 two times 
after 7th and 11th weeks from sowing, respectively. 

The layout of the experiment was conducted in a complete randomized block design, with three replicates. 
The plot size was (3m x 3m) included 3 rows of 50 cm apart. The experiment contained 12 treatments. Results 
were statistically analysis using the LSD at probability level of 5 % for comparison Gomez and Gomez, (1983). 

 
Growth characters  

After 150 days from sowing (during vegetative stage). Five plants were randomly chosen from each 
experimental unit and cut off at ground level and submitted to the following determinations: plant height (cm), 
number of branches plant-1 and fresh and dry weight (ton fed-1). 

 
Yield and its components 

At full maturity fruit stage (180 days). the plants were harvested to estimation the following yield 
characters, number of umbels (inflorescences)/plant, diameter of umbels (cm) and weight of seeds (ton fed-1). 

 
Chemical constituents       

Chemical compositions of plant were determined at the end of experiments. Nitrogen, phosphorus and 
potassium, Elements were determined according to the method described by Cottenie et al., (1982). Total 
chlorophylls and carotenoids concentrations (mg g-1 fresh weight of leaf) were determined using colorimetric 
method according to Welburn and Lichtenthaler, (1984). Total carbohydrates content in dry matter of herb were 
determined calorimetrically according to Herbert et al., (1971). The essential oil percentage was extracted by 
hydro-distillation according to Guenther, (1961).  
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Result  
 
Growth characters  

The response of caraway plants to NPK fertilizer and/or dry yeast is shown in Table (2) during the two 
seasons. The data showed that raising NPK treatments from 50 to 150 kg fed-1, significantly increased plant 
height, number of branches and fresh and dry weight (ton fed-1). Whereas, an fertilizer level of 150 kg fed-1 was 
more effective and significantly increased as compared with control.  This result was true in both seasons. This 
result may be due to the fact that the high level of NPK fertilizer supplied the plant with the most needed of 
macro-elements. In this respect, Nofal et al., (2001) and Kenawy (2010) indicated that the application of NPK 
fertilization on Ammi visnaga L. plants increased plant height. Also. The same results were reported on some 
medicinal plants by Badran et al., (2007a) on fennel.   

On the other side, the data in the same Table (2) show that adding dry yeast at the rates of (2 and 4 g L-1) 
increased growth parameters compared with control in the two seasons, increasing the dose of dry yeast from 2 
g L-1 to 4 g L-1 showed significant differences in the mean values of plant height and fresh and dry weight plant. 
While, the insignificant differences for the number of branches in the first season. Obviously the level of 4 g L-1 
of dry yeast gave the highest record of studied parameters in the two seasons. 

 
Table 2: Growth parameters as affected by NPK fertilization, spraying of active dry yeast  and their interaction (Data 

average of two seasons). 
NPK  

(kg fed-1 )  
 (A) 

Active dry yeast gmL-1    (B) 

Control 2 gm L-1 4 gm L-1 Mean Control 2 gm L-1 4 gm L-1 Mean 

 Plant height (cm) Number of branches plant-1 
Control 75.4 86.8 93.9 85.4 12.7 12.8 13.4 12.9 
50   kg fed-1 87.5 96.2 102.8 95.5 14.1 16.3 18.2 16.2 
100 kg fed-1 103.8 109.4 111.3 108.2 17.5  19.6 20.9 19.3 
150 kg fed-1 110.9 118.6 126.9 118.8 18.9 20.2 21.5 20.2 
Mean 94.4 102.7 108.7  15.8 17.2 18.5  
L.S.D at 0.05% (A) = 3.7      (B) =4.8     (A x B) = 6.1 (A) = 1.6     (B) = 0.9     (A x B) = 2.1 
 Fresh weight (ton fed-1) Dry weight (ton fed-1) 
Control 5.63 6.13 6.62 6.11 1.74 1.92 2.04 1.90 
50   kg fed-1 6.35 6.81 7.65 6.92 1.97 2.11 2.37 2.15 
100 kg fed-1 7.13 7.38 8.23 7.62 2.21 2.28 2.55 2.35 
150 kg fed-1 7.61 7.78 9.21 8.21 2.35 2.41 2.85 2.54 
Mean 6.68 7.02 7.92  2.07 2.18 2.45  
L.S.D at 0.05% (A) = 1.02   (B) = 0.73     (A x B) =0.24 (A) = 2.4     (B) = 1.9       (A x B) = 2.1 

 
Stimulating vegetative growth by using dry yeast may be due to its influence on the nutritional signal 

transduction producing growth regulators and suppressing pathogen El-Ghadban et al., (2003). It is also a 
natural source of cytokinins that stimulates cell proliferation and differentiation, controlling shoot and root 
morphogenesis and chloroplast maturation Amer (2004). El-Tohamy and El-Greadly, (2007) revealed that dry 
yeast treatments (5 and 10 g L-1) result in improving pods quality of snap beans plants in terms of chlorophyll, 
protein, carbohydrates and decreased fiber contents.     

In the two seasons, the combination between NPK and active dry yeast gave the maximum increase in 
plant growth characters, especially by the use of 150 kg fed-1 NPK combination and 4 g L-1. The increase 
percentages were 40.58 % in plant height, 40.93 % in number of branches, 38.87 % in fresh weight and 38.95% 
in dry weight of plant, over control in the first season. Similar trend was observed in the second season. In this 
regard, Davary and Farah, (2014) on Calendula officinalis, showed that the effect of biological and chemical 
fertilizers was significant on all of parameters (plant height, stem diameter and total fresh and dry weight).  

           
Yield and its components 

Results of this study showed that all levels of NPK fertilizer significantly increased the average number of 
umbels plant-1, diameter of umbels and fruits weight plant-1 compared with untreated plants. The most effective 
treatment in this respect was NPK at 150 kg fed-1 in the two seasons (Table 3). Whereas, the insignificant 
differences in the two seasons between the rates of 100 and 150 kg fed-1 for average number of umbels plant-1 
and  in the second season for seeds weight plant-1. It could be concluded that increasing the mineral fertilizer 
increased yield parameters of caraway plants, as a result of its increment on plant growth and dry matter 
accumulation. The obtained results were in accordance with those mentioned by Nofal et al., (2001) on Ammi 
visnaga, L., Joshi et al., (2003) on Ammi majus, L. and Badran et al. (2007a) on fennel.  

Data presented in Table (3) show that foliar spraying of dry yeast on plants at the rates of (2 and 4g L-1) 
increased yield parameters compared with control in both experiment seasons. The maximum mean values of 
most characters under study have been recorded with applying 4gL-1 of dry yeast in both seasons. Such response 
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to bio-fertilizer was reported by many investigators, i.e. Eid (2001) on coriander and Hemdan (2008) on anise 
plants. 

The interaction between NPK and active dry yeast positively affected caraway yield and productivity, 
Table (3). The highest values of number of umbels plant-1, diameter of umbels and average seeds weight plant-1 
were recorded with caraway plants receiving two doses of bio-fertilizer with 100 or 150 kg fed-1, with no 
significant difference for number of umbels plant-1. This trend was true in both seasons. The effect of NPK and 
active dry yeast in increasing seed yield of Carum carvi L.was also pointed out by Aly et al., (2007) on 
coriander and Abd El-Azim and Abd El-Gawad (2008) on Thymus vulgaris.  

 
Table 3: Number of umbels plant-1, diameter of umbels and fruits weight plant-1 as affected  by NPK fertilization, spraying 

of active dry yeast and their interaction.     

NPK  
(kg fed-1 )    (A) 

First season 2012/2013 Second season 2013/2014 
Active dry yeast gmL-1    (B) Active dry yeast gmL-1    (B) 

Control 2 gm L-1 4 gm L-1 Mean Control 2 gm L-1 4 gm L-1 Mean 
Number of umbels plant-1 

Control 48.6 51.5 55.8 52.0 47.6 52.1 53.8 51.2 
50   kg fed-1 54.5 56.7 57.8 56.3 52.7 54.8 55.7 54.4 
100 kg fed-1 59.4 64.1 66.7 63.4 59.6 62.1 65.5 62.4 
150 kg fed-1 63.8 64.5 64.7 64.3 61.8 63.6 64.3 63.2 
Mean 56.6 59.3 61.3  55.5 58.2 59.9  
L.S.D 0.05 % (A) =  1.3   (B) = 0.9   (A x B) = ns  (A) = 0.9      (B) = 1.1  (A x B) = ns  

Diameter of umbels (cm) 
Control 9.8 10.3 11.7 10.6 10.0 11.6 12.9 11.5 
50   kg fed-1 11.4 13.9 15.8 13.7 12.1 13.4 16.0 13.8 
100 kg fed-1 15.8 17.6 20.2 17.9 16.5 17.8 18.8 17.7 
150 kg fed-1 19.7 20.8 20.7 20.4 19.5 21.2 22.8 21.2 
Mean 14.2 15.7 17.1  14.5 16.0 17.6  
L.S.D 0.05 % (A) = 1.2  (B) = 0.7    (A x B) = 1.8  (A) = 1.7    (B) = 0.6  (A x B) = 2.2   

Seed yield (ton fed-1) 
Control 0.311 0.371 0.432 0.371 0.308 0.353 0.413 0.358 
50   kg fed-1 0.383 0.473 0.523 0.460 0.368 0.435 0.455 0.419 
100 kg fed-1 0.460 0.542 0.571 0.524 0.478 0.538 0.568 0.528 
150 kg fed-1 0.538 0.573 0.615 0.575 0.513 0.590 0.628 0.577 
Mean 0.423 0.490 0.535  0.416 0.479 0.516  
L.S.D 0.05 % (A) = 0.21  (B) = 0.7  (A x B) =0.12 (A)= 0.12 (B) = 0.07 (A x B) = 0.02 

 
Chemical composition 
N, P and K contents 

 Data in Table (4) reveal that gradual increase of NPK treatments significantly increased NPK in both 
seasons. The highest values in N, P and K percentages were recorded with plants received two rates 100 or 150 
kg fed-1 with no significant difference between the two treatments except with potassium it was significant. 
These results are in agreement Abdou et al., (2004) on fennel and Sabra (2014) found that supplying khella 
plants with NPK fertilization led to significant increase in nitrogen, phosphorus and potassium percentages. 

 Adding dry yeast at the rates of (2 and 4 g L-1) increased nitrogen, phosphorus and potassium percentages 
of caraway plants compared with control treatment. In 2012/2013 season, increasing the dose of dry yeast from 
2g L-1 to 4 g L-1 showed significant differences in the mean values of nitrogen and potassium, while, it was 
insignificant with phosphorus content compared with control. On the other hand, the insignificant differences on 
nitrogen content. While, with phosphorus and potassium it was significant.     

Results showed that interaction between NPK combined with spraying dry yeast had a significant on N, P 
and K contents in both seasons. The maximum mean values of most characters under study have been recorded 
with applying 4g L-1 of dry yeast + 100 or 150 kg fed-1 of NPK in both seasons. Sabra (2014) found that 
supplying khella plants with NPK fertilization led to significant increase in nitrogen, phosphorus and potassium 
percentages.  

  
Total chlorophyll, carotenoids, total carbohydrates and essential oil.        

Data presented in Table (5) reveal that the three levels of NPK fertilizers caused significant increase in 
total chlorophyll, carotenoids, total carbohydrates and essential oil. The maximum mean values of total 
chlorophyll, carotenoids, total carbohydrates and essential oil were obtained as a result of the third level of NPK 
at the rate of (150 kg fed-1) by 39.48, 27.89, 23.81 and 26.91% over control, respectively, in the first season. The 
same trend was noted in the second season. This result may be that nitrogen is an essential nutrient as a 
constituent of different organic compounds which are very important for plant growth. Phosphorus is an 
important nutrient in energy transfer compounds, chlorophylls and pigments. Also, potassium is essential for 
different physiological processes such as nitrogen metabolism and protein synthesis, so NPK fertilizer plays an 
important role in different physiological processes in the plant which was described by Lambers et al. (2000). 
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Similar results were in harmony with those of Badran et al., (2007a) on fennel, Sabra (2014) on Ammi visnaga, 
who reported that NPK fertilizer increased chlorophylls, carotenoids and carbohydrates content in the treated 
plants with NPK compared with control and Milica et al., (2015) found that, the chemical NPK fertilizer 
increased the essential oil content in anise plant.              

Data in Table (5) indicated that contents of chlorophyll, carotenoids, total carbohydrates and essential 
oil were increased due to bio-fertilizer addition, as compared to the control. Such increment was parallel to the 
increase of bio-fertilizer dose, in both seasons. The obtained results were in agreement with Hemdan (2008) on 
anise, Eid and Kasssem, (2009) on Calendula officinalis and Sabra (2014) on Ammi visnaga plants.   

With regarding to the interaction between NPK fertilization and dry yeast, data in Table (5) show that 
the combination between soil addition of NPK and spray of dry yeast at the two rates (2 and 4g L-1) 
insignificantly enhanced formation of total chlorophyll and carotenoids and was significantly with total 
carbohydrates and essential oil in the first season. The interaction between the two studied factors showed that 
the highest means of total chlorophyll, carotenoids, total carbohydrates and essential oil were obtained mostly 
when caraway plants were fertilized with the highest level of NPK 150 kg fed-1 under the two levels of dry 
yeast. The increase were 37.26, 25.85, 27.11 and 23.20% in total chlorophylls, carotenoids, total carbohydrates 
and essential oil, respectively over the control plants in the first season. The same results nearly were observed 
in the second season. 

 
Table 4: Macronutrient content as affected by NPK fertilization, spraying of active dry yeast and their interaction. 

NPK  
(kg fed-1 )  

 (A) 

First season 2012/2013 Second season 2013/2014 
Active dry yeast gmL-1    (B) Active dry yeast gmL-1    (B) 

Control 2 gm L-1 4 gm L-1 Mean Control 2 gm L-1 4 gm L-1 Mean 
Nitrogen content (%) 

Control 0.22 0.26 0.28 0.25 0.21 0.27 0.29 0.26 
50   kg fed-1 0.30 0.33 0.33 0.32 0.31 0.32 0.33 0.32 
100 kg fed-1 0.32 0.36 0.38 0.35 0.33 0.36 0.37 0.35 
150 kg fed-1 0.33 0.38 0.39 0.36 0.35 0.37 0.38 0.36 
Mean 0.29 0.33 0.35  0.30 0.33 0.34  
L.S.D 0.05 % (A) =  0.02   (B) = 0.01   (A x B) = ns  (A) = 0.02   (B) = 0.05   (A x B) = 0.11  

Phosphorus content (%) 
Control 0.27 0.30 0.32 0.30 0.27 0.29 0.31 0.29 
50   kg fed-1 0.31 0.35 0.38 0.35 0.34 0.37 0.39 0.37 
100 kg fed-1 0.41 0.42 0.45 0.42 0.41 0.42 0.44 0.43 
150 kg fed-1 0.44 0.48 0.51 0.48 0.43 0.46 0.49 0.46 
Mean 0.36 0.39 0.42  0.38 0.39 0.42  
L.S.D 0.05 % (A) = 0.07  (B) = 0.06    (A x B) = 0.02  (A) = 0.06  (B) = 0.03  (A x B) = 0.06   

Potassium content (%) 
Control 1.33 1.39 1.48 1.40 1.39 1.48 1.54 1.47 
50   kg fed-1 1.52 1.56 1.64 1.57 1.53 1.56 1.65 1.58 
100 kg fed-1 1.70 1.76 1.82 1.76 1.72 1.77 1.84 1.78 
150 kg fed-1 1.87 1.92 1.96 1.92 1.83 1.86 1.92 1.87 
Mean 1.61 1.66 1.73  1.62 1.67 1.74  
L.S.D 0.05 % (A) = 0.02  (B) =  0.02 (A x B) = 0.02  (A) = 0.02  (B) = 0.02  (A x B) =0.02   

 
Table 5: Chlorophyll, carotenoids, carbohydrates and essential oil as affected by NPK fertilization, spraying of active dry 

yeast and their interaction (Data average of two seasons).  
NPK  

(kg fed-1 )  
 (A) 

Active dry yeast gmL-1  (B) 

Control 2 gm L-1 4 gm L-1 Mean Control 2 gm L-1 4 gm L-1 Mean 

 Total chlorophyll (mg/g F.W.) Carotenoids (mg/g F.W.) 
Control 0.805 0.845 0.889 0.846 0.381 0.394 0.419 0.398 
50   kg fed-1 0.928 0.943 1.010 0.960 0.424 0.456 0.460 0.447 
100 kg fed-1 1.025 1.037 1.054 1.039 0.469 0.489 0.493 0.484 
150 kg fed-1 1.115 1.142 1.283 1.180 0.501 0.512 0.514 0.509 
Mean 0.968 0.992 1.059  0.444 0.463 0.472  
L.S.D 0.05 % (A) = 0.017 (B)= 0.020 (AxB)=ns (A) 0.012 (B) = 0.016 (AxB) = ns 
 Total carbohydrates (%) Essential oil (%) 

Control 16.02 17.42 18.34 17.26 1.496 1.544 1.586 1.542 
50   kg fed-1 17.37 19.62 20.01 19.00 1.704 1.780 1.809 1.764 
100 kg fed-1 19.48 20.75 21.04 20.42 1.884 1.922 2.026 1.944 
150 kg fed-1 20.43 21.71 21.98 21.37 1.881 2.043 1.948 1.957 
Mean 24.43 26.50 20.34  1.741 1.822 1.842  

L.S.D 0.05 % (A)= 0.06 (B)= 0.05 (A x B) =0.09 (A)= 0.027 (B)= 0.026 (A x B) =0 .018 
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Essential oil constituents 
Gas chromatogram of caraway fruits volatile oil distilled as affected by different fertilization treatments of 

NPK, active dry yeast and their interaction are shown in Table (6). GLC analysis of the volatile oil of seed 
caraway revealed the presence of Carvone, Limonene, Linalool, Pinene, Carveol and Dihydrocarvone. All 
treatments revealed that Carvone is the major compound with mean relative percent at 71.2 %. The second main 
compound was found to be limonene which ranged from 14.3 to 16.8 % followed by linalool which ranged from 
1.32 to 2.20 %. The mean values of Carvone (major compound) in the essential oil showed gradually increase 
due to increasing NPK dose from 50 to 100 then to 150 kg fed-1. The same trend was noted with active dry 
yeast. The lowest value of Carvone was observed in the control as well as the highest recorded of Carvone was 
obtained by the combined treatment between 4gm NPK with 4g L-1 dry yeast followed by 6 gm NPK with 4g L-1 
dry yeast. These results are in accordance with the findings of  Balbaa and Talaat, (2007) on rosmary, Gomaa 
and Yousef (2007) on fennel, Badran et al, (2007b) on cumin. Hendawy and Khalid (2011) on chamomile and 
Sabra (2014) on khella plants.  

 
Table 6: volatile oil distilled as affected by NPK fertilization, spraying of active dry yeast    and their interaction.       

NPK (kg fed-1) Control 50 kg fed-1 100 kg fed-1 150 kg fed-1 

Dry yeast (g L-1 ) 0 
g L-1 

2 
g L-1 

4 
g L-1 

0 
g L-1 

2 
g L-1 

4 
g L-1 

0 
g L-1 

2 
g L-1 

4 
g L-1 

0 
g L-1 

2 
g L-1 

4 
g L-1 

Pinene         (%) 0.42 0.53 0.67 0.4 0.65 0.73 1.09 1.18 0.92 0.9 1.16 1.19 
Limonene   (%) 14.3 15.3 15.9 15.2 15.8 15.3 15.4 16.2 16.6 16.1 16.8 16.6 
P–cymene   (%) 0.40 0.54 0.80 0.69 0.92 1.07 0.80 1.21 1.14 0.68 0.92 0.85 
Linalool      (%) 1.32 1.65 1.82 1.65 1.91 1.32 1.60 1.95 2.01 1.92 2.16 2.2 
Carvone      (%) 66.8 67.7 69.3 69.2 70.1 71.2 71.8 72.1 73.8 73.6 73.5 73.7 
Dihydrocarvone   (%) 0.14 0.16 0.21 0.13 0.23 0.19 0.18 0.24 0.21 0.25 0.26 0.2 
Carveol   (%) 0.23 0.27 0.31 0.24 0.38 0.39 0.27 0.31 0.25 0.20 0.31 0.3 
Carvone NPK 67.93 70.17 72.57 73.60 
Dry yeast 0.00 70.35 70.85 72.00 

 
Discussion 
 

Is evident from the above results that the, NPK fertilizer encouraged growth parameters of caraway plants 
expressed in stem elongation, branching, fresh and dry weight of herb. 

The role of NPK fertilization on promoting vegetative growth characters, enhancing yield component 
parameters and increasing fruit yield and oil yield production as well as stimulating the photosynthetic pigments 
and nitrogen, phosphorus and potassium content of caraway plants could be explained by recognizing their 
fundamental involvement in the very large number of enzymatic reaction that depend on NPK fertilization. NPK 
reflected directly on increasing the content of total chlorophyll and carotenoids as well as N, P and K% and 
content in the leaves were directly the cause for enhancing the augmenting of all other vegetative growth traits, 
yield components and finally fruit as well as oil yield production and essential oil constituents of caraway 
plants.  

The obtained results showed that biofertilizers treatments promoted the growth characters and increased 
the yield component and essential oil of caraway plants. These results are in agreement with those of Swaefy, 
Hend et al., (2007) on peppermint, Hassan (2009) and Abo-Baker and Mostafa, (2011) on roselle, Hashemzadeh 
(2013) on Anethum graveolens and Sabra (2014) on khella. It was evident from the data that adding (100 or 150 
kg fed-1) NPK fertilization and (4g L-1) foliar spraying of active dry yeast improved some of growth characters, 
yield components of Carium carvi L. plants and gave the highest percentage of essential oil and its constituents. 

 

Conclusion   
 

Finally, it could be concluded that the treating caraway plant by applying 150 kg fed-1 NPK 
combination with spraying with 4 gm L-1 dry yeast gave the best results regarding vegetative growth, seed yield, 
chemical composition, seed essential oil% and volatile oil constituents of caraway plant under newly reclaimed 
soils. 
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	Field experiment was carried out in the Experimental farm (Dimo), Faculty of Agriculture, Fayoum University, during two seasons of 2012/2013 and 2013/2014 to investigate the effect of macronutrient fertilization at rates 0, 50, 100 and 150 kg fed-1 and spraying active dry yeast at rates 0, 2 and 4 g L-1 on growth, seed yield, essential oil and its main components of caraway plants grown under newly reclaimed soils.  The obtained results showed that the treated caraway plants with NPK fertilizer or spraying active dry yeast either alone or in combination led to improve plant growth characters expressed as plant height, number of branches, fresh and dry weights of herb plant-1, number of umbels plant-1, diameter of umbel, fresh and dry weights of umbels plant-1 and weight of fruits plant-1, as well as, N, P and K percentages, total chlorophylls, carotenoids, total carbohydrates and essential oil %. GLC analysis of the volatile oil of caraway seed revealed the presence of Carvone, Limonene, Linalool, Pinene, Carveol and Dihydrocarvone. The mean values of Carvone (major compound) in the essential oil showed gradually increase due to increasing NPK dose from 50 to 100 then 150
	kg fed-1 the same trend was attained with active dry yeast. 
	 
	Key words: Caraway, dry yeast, essential oil, macronutrient fertilization
	Nowadays, more tendency for cultivation of medicinal and aromatic plants has shown in Egypt in order to cover the increasing demands of the local industries and it is a good source of hard currency, also, considered an important source of income in agriculture section of the national economy in many countries.




