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ABSTRACT

A two-years trial was conducted during 2005/2006 and 2006/2007 seasons at the Experimental Farm and in the Laboratory of Horticulture Department, Fac. of Agric., Benha Univ., to evaluate the effect of NPK chemical fertilization at four rates i.e.,(Control, 50 % recommended dose, 75 % recommended dose and 100 % recommended dose) and bio-fertilization at three rates i.e., {without Bio-fertilizer, low rate (500 g Biogein + 500 g phosphorein per fed.) and high rate (1000 g Biogein + 1000 g phosphorein per fed.) } and their combinations on some vegetative growth measurements, seed yield, essential oil and its main components as well as chemical constituents of Foeniculum vulgare, Miller plants.

The obtained results indicated that the three rates of NPK mineral applications statistically increased all the studied vegetative growth parameters, seed and oil yield as well as chemical constitunts, with superioriety for the high rate (100 % of recommended dose). Additionally, the two rates of Bio-fertilizer (low and high) succeeded in enhancing all the studied parameters, especially the high rate (1000 g Biogein + 1000 g phosphorein per fed.).

Moreovere, all combinations of Bio-fertilizers treatments succeeded in maximizing the effectiveness of NPK mineral fertilization on different vegetative growth traits, seed and oil yield, essential oil productivity and leaf chemical constituent determinations. GLC anallyses revealed the presence each of α- Pinene , Limonene , Fenchone , Chavicol and Anethole in the volatile oil of seeds and showed that all the tested treatments succeeded in increasing Anethole percent in fennel volatile oil as well as the total compnents of fennel volatile oil when compared with control.
Conclusievely, inoculeted the seeds of Foeniculum vulgare with the high rate of Bio-fertilizers (1000 g Biogein + 1000 g phosphorein per fed.) combined with NPK fertilization at 75 or 100 % of the recommended dose, particulary 100 % showed to be the most effective treatments in enhancing all the studied traits.
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INTRODUCTION

In Egypt, the needs for medicinal and aromatic plants have great attention because of the possibility of export. Sweet fennel (Foeniculum vulgare, Miller) is one of the most important annual plants which belong to Family, Apiaceae (Umbilliferae). It is cultivated as medicinal and aromatic plant. It has small yellow flowers, on large umbels and their fruit vary in size and appearance. The fruits are greenish, yellowish brown or in gray-brown color. Since the ancient Egyptians, fennel has been used in several forms as a fresh or dried leaves, dried ripe fruits and volatile oil. Also, it is eaten as a green salad in some countries. The distilled oil or its infusion is used as aromatic carminative, stimulant, condiment. The yellow pigmentation substance is also extracted from fennel plants for the above objectives. The fruits contain 2 % to 5 % volatile oil according to different varieties. The constituents of essential oil are about 50 % of Anethole and 20 % of ketone,  Fenchone, which characterized the fruit by special odor and taste, beside other components. The fruits contain 10 % of fixed oil. The medicinal properties of oil are motivating,  carminative, stomachic, expectorant, diuretic, galactenic and antispasmodic. Fruits are used as infusion and tinctures (Ferdienand, 1977). Many workers have reported the nutritional requirements of macronutrients for sweet fennel plant and other plants. In this respect, El-Sakov, et al. (2001) on some medicinal and aromatic plants, Xie-Youchao, et al. (2000) on Ginkgo biloba, Al-Fayyad, et al. (2002) on Colchicum spp, Thomas et al. (2002) on Curcuma longa, Kozera and Nowak (2004) on Silybum marianum, Ashorabadi, et al., (2003) on Foeniculum vulgare, Lee et al., (2005) on Chrysanthemum boreale and Niakan et al. (2004) on Mentha piperita. 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.

Bio-fertilizers are reasonably safer to the environment than chemical fertilizers and play an important role in decreasing the use of chemical fertilizers. Consequently, it causes a reduction in environmental pollution. Soil inoculation with micro organisms may lead to increase soil available nitrogen and consequently increase formation of metabolites which encourage the plant vegetative growth and enhance the meristematic activity of tissues to produce more branches. Also, N-fixers synthesize stimulatory compounds such as gibberellins, cytokinins and IAA that act as growth regulators (Sperenat, 1990 and Dadarwal, et. al., 1997).

Several researchers studied the response of various medicinal and aromatic plants to nitrogen-fixing bacteria. The role of Bio-fertilizers containing symbiotic or non symbiotic nitrogen-fixing bacteria in augmenting vegetative growth characters, yield and yield components, essential oil productivity and/or chemical composition (including chlorophyll a, b and carotenoids and/or N, P. and K. leaf percent and content) was revealed by Kandeel, et al., (2001) on fennel. Nofal et al., (2001) on Ammi visnaga, Abdou and El-Sayed (2002) on caraway, Safwat and Badran (2002) on cumin, Abd El-kader and Ghaly (2003) on coriander, Badran and Safwat (2004) on fennel.

Many studies were executed to explore the effectiveness of phosphorein Bio-fertilizer (phosphate dissolving bacteria) on different vegetative growth traits, seed yield and essential oil productivity of some plants belonging to Family Apiaceae. In this respect, Soliman (1997), Ibrahim (2000), Abd El-kader and Ghaly (2003), Badran et al., (2003) and Abdou et al., (2004-b), they showed that phosphorein Bio-fertilizer succeeded in enhancing vegetative growth parameters, seed yield and essential oil productivity of Nigella sativa , fennel , coriander , anise and fennel plants, respectively.

This study was carried out to evaluate the effect of NPK mineral fertilizers and Bio-fertilization (Biogein and phosphorein) applications as well as their combinations on growth, yield and essential oil of fennel plants.

MATERIAL AND METHODS

A Two-years experiment was carried out during 2005/2006 and 2006/2007 seasons at the Experimental Farm and in the Laboratory of Horticulture Department Faculty of Agriculture at Moshtohor, Benha Univ., to evaluate the influence of four NPK mineral fertilization rates and Bio-fertilization (Biogein and Phosphorein) in terms of vegetative growth parameters, seed yield , essential oil productivity and some chemical constituents of fennel plants. 

Fennel seeds were obtained from Floriculture Farm, Horticulture Department, Faculty of Agriculture, Benha Univ. Seeds were sown in a clay loam soil in plots (1x1 m) containing two rows (50 cm. apart) every row contains two hills (50 cm. Apart) in the first week of November of both seasons. Thinning for two plants per hill was made 30 days after sowing.  

Physical and chemical characters of the used soil are shown in Table (A) and (B), Physical analysis was estimated according to Jackson (1973) whereas, chemical analysis was estimated according to Black et al.,(1982).

Table (A): Physical analysis of the experimental soil:

	Parameters
	Unit
	Season

	
	
	2005/2006
	2006/2007

	Coarse sand
	%
	4.98
	5.11

	Fine sand
	%
	16.33
	15.78

	Silt
	%
	27.43
	26.88

	Clay
	%
	51.26
	52.23

	Textural class
	------
	Clay loam
	Clay loam


Table (B): Chemical analysis of the experimental soil.

	Parameters
	unit
	Season

	
	
	2005/2006
	2006/2007

	Caco3
	%
	2.10
	2.12

	Organic matter
	%
	2.29
	2.33

	Available nitrogen
	%
	0.98
	0.97

	Available phosphorus
	%
	0.47
	0.51

	Available potassium
	%
	0.73
	0.82

	E-C
	M mhos/cm
	1.43
	1.55

	pH
	----------
	7.69
	7.71


This experiment was set up in a split plot design with three replicates. The main plot was occupied by four NPK fertilization treatments i.e. (0.0 % recommended dose, 50 % recommended dose, 75 % recommended dose and 100 % recommended dose) where the recommended dose were 200 Kg (Ammonium nitrate 33.5 % N), 300  Kg per fed. (Calcium super phosphate 15.5 % P2O5) and 100 Kg per fed. (Potassium sulphate 48.5 % K2O) per fed. ( Abdou, et al. 2004-a).


The sub plot was entitled to three Bio-fertilizer treatments i.e. control (without Bio-fertilizer), low rate (500 g Biogein + 500 g Phosphorein per fed.) and high rate (1000 g Biogein + 1000 g phosphorein per fed.). The amount of N and K fertilizers were divided into two equal portions as side dressing at two dates on mid January and on mid February of both seasons.
However, the amount of bio-Fertilizer was added to the soil before sowing during soil preparation. Biogein and phosphorein biofertilizers were mixed with seeds immediately before sowing. All experimental units including control received an organic fertilizer at the rate of two tons per fed. of farmyard manure. All agricultural practices were performed in the same manner as usually done in the fennel production areas in Egypt.


At harvesting time, the following data were recorded; plant height (cm.), stem diameter (cm.) number of branches, fresh and dry weights of branches (g.), number, fresh and dry weights of leaves (g.) {at the beginning of flowering}, number of umbels, seed yield per plant (g.), seed oil percentage, oil yield per plant , Gas chromatograph, besides total chlorophylls (A&B) and carotenoides were determined in the fresh leaves of fennel plants after three month from the last application according to the method described by A.O.A.C. (1980).

The percentage of N,P,K, and total carbohydrates was determined in the dry leaves during flowering stage, where total nitrogen was determined using the modified MicroKieldahl method according to A.O.A.C. (1980). Other nutrients  P contents was determined after wet diggestion according to the method desscribed by Murphy and Riley (1962) and Modified by John (1970), whereas  K contents was determined by flame photometric according to Brown and Lilleland (1946). While total carbohydrates percent was determined according to Dubois et.al. (1956).


The essential oil of each treatment plants was extracted by hydro-distillation according to Guenther (1960). The GC analysis of the oil was carried out using Gas chromatograph, (Hewlett packard GC. Model 5890) equipped with a flame ionization detector (FID). A fused silica capillary (HP-5), (30 m length x 0.53 mm internal diameter (i.d.) x 0.88 um film thickness) , was used for the separation in the GC.


The following are the operating conditions of GC instrument:Injector and detector temperature were 250 and 270 oC, initial oven temperature, 50 oC for 2 min., rasised at    6o C per min, and then hold at 150 o C for 5 min,. then raised at 5 o C per min. then hold at 190 o C the carrier gas was nitrogen at 4 ml per min. and hydrogen and air were used for the combustion at 30 and 300 ml per min., respectively.


The identification of the different constituents was achieved by comparing their retention times with those of the authentic samples.

Statistical analysis

All data obtained in both seasons of study were subjected to analysis of variance as    a factorial experiments in split plot design. L.S.D. at 0.05 and 0.01 was used to differentiate means according to Snedecor and Cochran (1989). 

RESULTS AND DISCUSSION

I- Vegetative measurements

I-1- Plant height

Regarding the effect of NPK fertilization, it is easy to notice from Table (1) that Foeniculum vulgare plants become taller with increasing the amount of NPK fertilization in both seasons. The recorded data emphasize this result, hence NPK fertilization treatment at 100% recommended dose (R.D) statistically produced the tallest plants (123.33 and 132.44 cm.) followed descendingly by the treatment of 75% recommended dose (118.77 and 127.66 cm.) and 50% recommended dose (113.00 and 120.88 cm) as compared with control (0.0 % recommended dose ) which gave the shortest plants (104.66 and 113.33 cm) in the first and secand seasons, respectively. The aforementioned results of NPK fertilization are contaminant with those obtained by El-Sakov et al., (2001) on some medicinal and aromatic plants and Abdou et al., (2004-a) on fennel plants.

As for the effect of bio-fetilizer treatments, Table (1) illustrates that biofetilizer at low rate (500 g Biogein + 500 g phosphorein per fed.) and high rate (1000 g Biogein + 1000 g phosphorein per fed) induced statisically higher values with superior for high rate in comparison with control (without biofertilizer) in both seasons. These results are in agreement with Verzalova et al., (1990), Ibrahim (2000), Kandeel et al., (2001) , Abdou et al., (2004-b) and El-Ghadban et al., (2006) on fennel plants.

 Referring to the interaction effect between NPK fertilization and biofertilizer, it is easy to realize that control treatment i.e. did not receive NPK fertilization and biofertilizer treatments were shorter than those subjected to NPK fertilization and biofertilizer treatments. However, the interaction between NPK fertilization at 100% recommended dose and biofertilizer at the high rate (1000 g Biogein + 1000 g phosphorein per fed.) showed to be the most effectivie combination for producing the tallest plants (138.33 and 145.33 cm.) followed in descending order by the interaction between NPK fertilization at 75% recommended dose and biofertilizer at the low rate (500 g Biogein + 500 g phosphorein per fed.) (133.33 and 137.33 cm.) when compared with the rest combinations in the first and second seasons , respectively. The differences between these combinations were so high to be significant.

I-2- Stem diameter

Examining the effect of NPK fertilization, data in Table (1) indicate that all NPK fertilization rate statistically increased Foeniculum vulgare stem diameter as compared with control. Also, data showed positive linear correlation between increasing the levels of NPK fertilization and stem diameter. The aforementioned results of NPK fertilization are in parallel with those obtained by Niakan et al., (2004) on Mentha piperita and Carlen  et al., (2004) on Salvia officinalis, Melissa officinalis and Ocimum basilicum.

Pointing out to the effect of bio-fertilizer treatments it was observed that both bio-fertilizer rate at low (500 g Biogein + 500 g phosphorein per fed.)  and high rate (1000 g Biogein + 1000 g phosphorein per fed.)  succeeded in increasing stem diameter in comparison with control in both seasons. However, high biofertilizer rate treatment surpassed low bio-fertilizer rate treatment in enhancing stem thickness in both seasons. The obtained results agree with those obtained by  Kandeel et al., (2001), Badran and Safwat (2004), Abdou et al., (2004-b) and El-Ghadban et al., (2006) on fennel plants.
Focusing on the interaction effect between NPK fertilization and bio-fertilizer treatments, data in Table (1) show that the interaction between NPK fertilization at 100% recommended dose and biofertilizer at high rate (1000 g Biogein + 1000 g phosphorein per fed.)  proved to be the superior interaction in increasing stem diameter (3.10 and 3.13 cm) followed descendingly by the interaction between NPK fertilization at 75% recommended dose and bio-fertilizer at high rate  (2.96 cm.) in the first and second seasons.

I-3- Branch parameters

As for the effect of NPK fertilization on some parameters of branch i.e, number, fresh and dry weights of branches per plant, data in Table (2) show that there was a steadily increments in the number and fresh weight of Foeniculum vulgare branches with the increasing of NPK application .In this respect, fertilizing the plants with NPK fertilization at 100% recommended dose statistically induced the highest values of number and fresh weight of branches per plant in both seasons. While, using the medium rate (75 % recommended dose) in the first season and the low rate (50 % recommended dose) in the second one produced the heaviest dry weight in this respect. The aforementioned results of NPK fertilization are in conformity with those obtained by El-sakov et al., (2001) on some medicinal and aromatic plants, Kozera and Nowak (2004) on Silybum marianum and Abdou et al., (2004-a) on fennel plant.

Concerning the effect of bio-fertilizer treatments, data in Table(2) show that all bio-fertilizer treatments succeeded in incresing the number, fresh and dry weights of branches per plant as compared to control in both seasons. These results are in accordance with the findings of Ibrahim (2000) on fennel plants, Abd El-Latif (2002) on caraway, Abd El-kader and Ghaly (2003) on coriander, Badran et al., (2003) on anise and Abdou et al., (2004-b) and El-Ghadban et al., (2006) on fennel plants.

Regarding the interaction effect between NPK fertilization and bio-fertilizer treatments, it is quite clear that all interactions between NPK fertilization and bio-fertilizer (low and high) showed statistically higher  values of branch parameters in comparison with control in both seasons .However, the highest values in number, fresh and dry weights of branches were recoreded by using the combination of NPK fertilization at 100% recommended dose and bio-fertilizer at high rate (1000 g Biogein + 1000 g phosphorein per fed.). On contrary least enhancement in the number,  fresh and dry weights of  branches were registered by using the combination of NPk fertilization at 50% recommended dose and bio-fertilizer at the low rate (500 g Biogein + 500 g phosphorein per fed.) (regardless control) in both seasons.

I-4- Leaf parameters

Referring to the effect of NPK fertilization on some leaf parameters i.e number , fresh and dry weights of leaves per plant , Table (3) demonstrates that number and fresh weight of leaves per plant increased as the rate of NPK fertilization increased . The obtained data explain this result, hence the application of 100% recommended dose statistically induced the highest values of leaf parameters when compared with the other rate and control in both seasons. Whereas, the heaviest dry weight of leaves was recorded by using the low rate of recommended dose (50 %) in both seasons. The aforementioned results of NPK fertilization are coincided with those obtained by Niakan et al., (2004) on Mentha piperita, Ashorabadi et al., (2003) and Abdou et al., (2004-a) on Foeniculum vulgare plant.

As for the effect of bio-fertilizer rates (low and high applications) it was obvious that all the tested bio-fertilizer rates (low and high) succeaded in incresing the values of leaf parameters when compared with control in both seasons. These results are in close agreement with the finding of different authors as Soliman (1997) on Nigella sativa, Ibrahim (2000) on fennel plants Badran et al., (2003) on anise, Abdou et al., (2004-b) and El-Ghadban et al., (2006) on fennel plants.

Considering the interaction effect between NPK fertilization and bio-fertilizer (low and high rates), the resulted interactions in Table (3) illustrated that the combination of NPK fertilization at 100% recommended dose and bio-fertilizer at high rate (1000 g Biogein + 1000 g phosphorein per fed.) predominated all the other combinations in enhancing leaves parameters in both seasons.

On the revers,the interaction between NPK fertilization at 50% recommended dose and bio-fertilizer at low rate (500 g Biogein + 500 g phosphorein per fed.) statistically induced the lowest values of leaves parameters (regardless control) in both seasons.

II- Fruit measurements

II-1- Number of umbles per plant

As for the effect of NPK fertilization the data in Table (4) indicated that NPK fertilization significantly increased the number of umbles per plant. In this rspect, the highest rate of NPK gave the  highest number of umbles per plant (29.44 and 35.00) when compared with the other rate and control in both seasons. The aforementioned results of NPK fertilization are in accordance with those of Ashorabadi  et al., (2003) and Abdou et al., (2004-b) on Foeniculum vulgare plant. 
Concerning the effect of bio-fertilizer (low and high rates) it was clear that all bio-fertilizer rate succeeded in increasing the number of umbles per plant and the superiority for high rates (1000 g Biogein + 1000 g phosphorein per fed.).

Regarding the interaction effect between NPK fertilization and bio-fertilizer (low and high rates), data in Table (4) show that all the interactions between NPK fertilization rates and bio-fertilizer (low and high rates) statistically increased the number of umbles per plant, especially the interaction between NPK fertilization at 100% recommended dose and bio-fertilizer at high rate (1000 g Biogein + 1000 g phosphorein per fed.) which gave 33.33 and 40.00, followed descendingly by the interaction between NPK fertilization at 75% recommended dose and bio-fertilizer at high rate as it recorded 33.33 and 38.33, in the first and second seasons, respectively. The differences between the aforesaid interactions were not significant in the first and second seasons, respectively .

II-2- Seeds yield per plant

As for the effect of NPK fertilization, data in Table (4) cleare that the fruit yield of Foeniculum vulgare plants increased with increasing the rate of NPK fertilization , hence fertilized the plants with the high rate (100% recommended dose) is being the most effective treatment for producing the greatest fruit yield per pant as it gave 43.88 and 52.33  g per plant in the first and second seasons, respectively . These results are in harmony with those obtained by Ashorabadi  et al., (2003) and Abdou et al., (2004-a) on fennel plant. Similar results were found by Ibrahim (2000), on fennel and Abd El-Latif (2002) on Carum carvi.

With regard to the effect of bio-fertilizer treatments it was observed that all treatments of bio-fertilizer (low and high rates) succeeded in increasing the yield of fruits per plant particularly the high rate which gave 45.33 and 54.83 g per plant in the first and second seasons, respectively. (Abd El-kader and Ghaly (2003) on coriander, Abdou et al., (2004-b) and El-Ghadban et al., (2006) on fennel plants.

Referring to the interaction effect between NPK fertilization and bio-fertilizer (low and high rates), data in Table (4) show that all the interactions between NPK fertilization and bio-fertilizer treatments statistically succeeded in increasing significantly yield of fruits per plant in both seasons . However, the greatest fruits yield per plant was recorded by using the combination of NPK at 100% recommended dose and bio-fertilizer at high rate (1000 g Biogein + 1000 g phosphorein per fed.) as it gave 49.66 and 60.00  g per plant in the first and second seasons, respectively.

II-3- Seeds oil percentage:

With respect to the effect of NPK fertilization, data in Table (4) exhibit that all rates of NPK fertilization succeeded in increasing the fruit oil percentage of Foeniculum vulgare plants in both seasons. However, the richest fruits oil percentage were recorded by using the medium rate of NPK fertilization (75% recommended dose) followed descendingly by using the highest rate (100% recommended dose) as they gave 2.84 and 2.77 %, respectively. This  trend was true only in the first season,  while is the second one the picture was completely changed, where the greatest seed oil percentage was recorded by using the low rate of NPK fertilization (50% recommended dose) followed in descending order by using the medium rate (75% recommended dose) as they registered 3.33 and 3.00 %, respectively.

Regarding the effect of bio-fertilizer treatments, it was obvious that all tasted rates of bio-fertilizer succeeded in increasing the percentage of fruit oil content with superiority for high rate in the first season, while in the second one the differences between the control and the two rates of bio-fertilizers were non significant. These results are in close agreement with those reported by Ibrahim (2000), Abdou and Mohamed (2003), Khattab and Helmy (2003), Abdou et al., (2004-b) and El-Ghadban et al., (2006) on fennel plants.

Referring to the interaction effect between NPK fertilization and bio-fertilizer rate, it was found that all the combinations of the two factors statistically increased seed oil percentage in both seasons. However, the greatest fruit oil percentage was recorded by using the interaction between NPK fertilization at 75% recommended dose and bio- fertilizer at the high rate as it gave 2.96 and 3.13% in the first and second seasons, respectively.

II-4- Gas chromatograms of fennel fruits volatile oil distilled as affected by different treatments of NPK fertilization and bio-fertilizer: 

Data presented in Table (5) and illustrated in Fig. (1-12) show that all the combinations of NPK fertilization and bio-fertilizer succeeded in increasing Anethole percent in fennel volatile oil as compared with control (without NPK fertilization and bio-fertilizer). Moreover, data in Table (5) and illustrated in Fig. (1-12) showed that all the tested treatments increased the total components of volatile oil (α- Pinene, Limonene, Fenchone, Chavicol and Anethole) in comparison with untreated ones (control). It worthy to notice that inoculated the seeds of Foeniculum vulgare with the high rate of bio-fertilizer linearly increased the total components of volatile oil with increasing the rate of NPK fertilization. However, the highest values in this concern was recorded by using the combined treatment of NPK fertilization at the high rate (100% recommended dose) and the high rate of bio-fertilizer (1000 g Biogein + 1000 g phosphorein per fed.). These results are in close agreement with those reported by El-Khayat and Hasnaa (2005), El-Ghadban, et al., (2006) on Foeniculum vulgare plants and Ismail (2007) on dragonhead plant .

III- Chemical composition determinations:

Data presented in Tables (6 and 7) indicate that all rates of NPK fertilization statistically increased leaf total chlorophylls (A and B) , carotenoids , total carbohydrates, N, P, and k contents in both seasons. However, the increases in such parameter were proportional to the increase of the rate of NPK fertilization, thus NPK fertilization at the high rate (100% recommended dose) showed to be the most effective treatment for inducing the highest values of total chlorophylls (A and B), carotenoids , total carbohydrates , N, P and K  in both seasons. These results are in agreement with El-Sakov et al., (2001) on some medicinal and aromatic plants, Niakan et al., (2004) on Mentha piperita, Ashorabadi et al., (2003) and Abdou et al., (2004-a) on Foeniculum vulgare plant.

As for the effect of bio-fertilizer treatments, data in Tables (6 and 7) revealed that all the studied rates of bio-fertilizer succeeded in increasing leaf total chlorophylls (A and B), carotenoids , total carbohydrates , N, P and K  content with superior for high rate in both seasons. These results are in close agreement with the findings of different authors as Soliman (1997) on Nigella sativa, Ibrahim (2000), on fennel plants, Badran et al., (2003) on anise, Abdou et al., (2004-b)and El-Ghadban et al., (2006) on fennel plants.

 Concerning the interaction effect between NPK fertilization and bio-fertilizer treatments, data in Tables (6 and 7) indicated that all the interactions between NPK fertilization and bio-fertilizer succeeded in increasing leaf total chlorophylls (A and B), carotenoids, total carbohydrates, N, P and K  content when compared with control in both seasons. However, the richest leaf total chlorophylls (A and B), carotenoids , total carbohydrates, N, P and K  content was obtained by using the interaction between NPK fertilization at 100% recommended dose and bio-fertilizer at high rate in both seasons.  
DISCUSSION

1-Effect of NPK fertilization: 

To interperete and discuss the effect of nitrogen, phosphorus and potassium, involved in this work , on augmenting the different vegetative growth parameters, yield component parameters and essential oil productivity of fennel plants , it was necessary to refer to the physiological roles of nitrogen, phosphorus and potassium in plant growth and development. Such three macronutrient elements are the common elements usually included in fertilizers (Cooke, 1982). Plant supplement with these macronutrients in sort of fertilizers is necessary because the soil is usually in deficient of them due to plant removed leaching or they are not readily available for plants. Therefore , such addition of well balanced NPK fertilization quantities insured production of high fruit and oil yield of fennel plants.

Nitrogen is essential for plant growth as a constituent of many amino acids, enzymes and energy transfer materials such as chlorophyll, ADP and ATP.Growing plants must have nitrogen to form new cells and the rate of growth then becomes very nearly proportional to the rate at which nitrogen is supplied. Photosynthesis can produce soluble sugars from Co2 and H2O but the process can not go on to the production of proteins. Thus, a severe shortage of nitrogen will halt the processes of growth and reproduction (Bidwell, 1974). supplying the plants with adequate quantities of N at right time tends to increase cell number and cell size with an overall increase in the vegetative growth production (Thompsond and Troeh, 1975). 

Phosphorus which has been called the key to life is essential for cell division and for development of meristimmatic tissues and it is very important for carbohydrate transformation due to multitude of phosphorylation reaction and to energy rich phosphate bond (Lambers et al., 2000). Phosphorus in the cell becomes united with carbon, hydrogen, oxygen, nitrogen and other elements to form complex organic molecules. Cell cannot divide unless there is adequate phosphorus to form the extra nucleus, so, phosphorus deficiency causes stunting , delayed maturity and shriveled seeds. Phosphorus compounds are also essential for photosynthesis, the inter conversion of carbohydrates and related glycolysis, amino acid metabolism, fat metabolism and biological oxidation. Lack of phosphorus, therefore hampers metabolic processes, such as the conversion of sugars into starch and cellulose (Devlin, 1972).

Potassium is important for growth and elongation probably due to its function as an osmoticum 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).
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 fennel plants could be explained by recognizing their fundamental involvement in the very large number of enzymatic reaction that depend onNPK fertilization . NPK reflected directly on increasing the content of chlorophyll a,b and carotenoids as well as NPK % and content in the leaves were indirectly the cause for enhancing the augmenting of all other vegetative growth traits, yield components and finally fruit as well as oil yield production of fennel plants.

2-Effect of Bio-fertilization 

A- Biogein (N-fixing bacteria):

The use of (Biogein) as a biofertilizer product containing nitrogen fixing bacteria,     e.g. Azotobacter and Azospirillum was found to have not only the ability to fix nitrogen but also to release certain phytohormones of gibberellins and indolic nature which could enhance plant growth absorption of nutrients and so on photosynthesis process (Hegde et al., 1999) Microorganisms used as Bio-fertilizers may affect their host plant by one mechanism or more such as nitrogen fixation (Biogein) production of growth promoting substances or organic acids, enhancing nutrients uptake or protection against plant pathogens (Hawaka, 2000) Also, N-fixers synthesize stimulatory compounds such as, gibberellins, cytokinins and IAA. They act as growth regulators, which increased the surface area per unit of root length and were responsible for root hair branching with an eventual increase in the uptake of nutrients from the soil (Sperenat, 1990 and Dadarwal et al., 1997). 

B- Phosphate dissolving bacteria

The use of phosphorein as a Bio-fertilizer product containing very active phoshphate dissolving bactcria has proved is efficiency in enhancing different aspects of plant growth and development of many plant species including medicinal and aromatic plants. Establishment of astrong root system is related to the level of available phosphate in the soil (Abou El-Hassan el.al., 1993). Phosphorein is a Bio-fertilizer that contains phosphate dissolvers or vesicular arbuscular mycorrhizae and silica bacteria which are capable of converting  tricalcium phosphate to monocalcium phosphate ready for plant nutrition (El-Gibaly et al., 1997; Ali et al., 1987; Abd-Alla 1998 and Hawaka, 2000). Phosphate also increased mineral uptake and water use efficiency (El-Awag et al., 1993).Under the Egyptian soil conditions, Abo El-Nour et al., (1996) and El-Sheekh, (1997) mentioned that using phosphorein with or instead of mineral – P apparently increased the available P- concentration in the soil and plants.
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الملخص العربي

الأسمدة الحيوية كبديل جزئي للتسميد الكيماوي (NPK) وأنعكاسها علي إنتاجية نباتات الشمر

أنور عثمان جمعة            و            أحمد سعيد محمد يوسف

قسم البساتين – كلية الزراعة – جامعة بنها – مصر

أجريت هذه الدراسة بمزرعة الزينة قسم البساتين كلية الزراعة جامعة بنها خلال عامي 2005/2006 & 2006/2007 وذلك لدراسة تأثير كل من التسميد الكيماوي بــ (NPK)  والحيوي حيث تم استخدام أربع معدلات من التسميد الكيماوي بــ ( NPK)  هي الكنترول ( 0.0 % من الجرعة الموصي بها) و ( 50 % من الجرعة الموصي بها) و ( 75 % من الجرعة الموصي بها) و ( 100 % من الجرعة الموصي بها) كما استخدم ثلاث معدلات من التسميد الحيوي هي الكنترول (بدون حيوي) و إضافة منخفضة (500 جم بيوجين + 500جم فوسفورين/ فدان) و إضافة عالية (1000 جم بيوجين +1000 جم فوسفورين/ فدان ) بالإضافة إلي التفاعلات المختلطة بين التسميد الكيماوي والحيوي على النمو الخضري و محصول البذرة والزيت و والمحتوى الكيماوي لأوراق نبات الشمر.

وأوضحت النتائج المتحصل عليها أن جميع إضافات التسميد الكيماوي (NPK) الثلاثة قد حسنت من جميع القياسات الخضرية و محصول البذرة والزيت وكذلك التقديرات الكيماوية للأوراق وقد أعطت الإضافة الكبرى (100 % من الجرعة الموصى بها ) أفضل النتائج في هذا الشأن بالإضافة وجد أن إضافتي التسميد الحيوي (منخفض و عالي) قد حسنت جميع القياسات المدروسة وخاصة استخدام الإضافة العالية (1000 جم بيوجين + 1000 جم فوسفورين لكل فدان) إضافة لما سبق وجد أن جميع تفاعلات التسميد الحيوي مع التسميد الكيماوي قد عظمت من تأثيره علي القياسات الخضرية و محصول البذرة والزيت و المحتوي الكيماوي للأوراق. أوضحت نتائج التحليل الكروماتوجرافي لزيت الشمر وجود المكونات الآتية (α- Pinene, Limonene, Fenchone, Chavicol, Anethole ) كما وجد أن جميع المعاملات سببت زيادة النسبة المئوية للأنيثول في الزيت الطيار لبذور نبات الشمر.   

يوصي بتسميد نباتات الشمر بالمستوي المرتفع أو المتوسط من التسميد الكيماوي           (NPK) الموصي بها مع  المستوي العالي من التسميد الحيوي (1000 جم بيوجين +1000 جم فوسفورين/ فدان) وذلك للحصول علي أحسن جودة للنمو الخضري وأيضاً أعلي إنتاجية لمحصول البذرة والزيت والمحتوي الكيماوي لأوراق نبات الشمر.
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