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ABSTRACT
In the present study the flowering and fruiting of black cumin Nigella. sativa L plant were studied using certain elements (i.e., boron, sulphur and potassium) and some the growth regulators (i.e., Naphthalene acetic acid, Benzyl adenine and Paclobutrazol) as separated treatments as well as some of their combination..


Number of days required for first flower anthesis is being shortened with one, two or three days when compared with control. The only exception was that increasing of these days by only one day in case of pp333 at 1ppm and the combination of (B+ S at 50 ppm for each), as well as with two days in case of BA at 5 ppm + (B+S at 50 ppm for each).   



Reduction in days number reached about seven days in K at 500 ppm, BA at 5ppm and 25 ppm, meanwhile it was seventeen days in control. 


      NAA at 10 ppm and BA at 5 ppm combined with boron and sulphur at 50 ppm for each were the most effective treatments for shortening that time required for first fruit  setting than the control
                  BA at 5 ppm, NAA at 10 ppm and pp333 at 1 ppm each combined with B + S (each at 50          ppm) gave highest significant increased of fruit number and their dry weight. Also, B at 50 ppm and pp333 at 1 ppm (each alone) gave high significant. 

          The treatment of BA at 5 ppm + (B + S each at 50 ppm) exhibited the highest biological and economical yields (i.e., weight of dry seeds). 

Different treatments increased each of essential and fixed oils when compared with the control. Also, 5ppm BA gave the highest increase of both oils (1.43 and 34.9% for volatile and fixed, respectively). Also, nearly the same content was obtained from each of BA at 25 ppm, pp333 at 1ppm and (B + S) 50 ppm for each. 

As for nitrogen and the crude protein were increased in shoots with different treatments. Also, phosphorus and potassium were increased in shoots. in most cases 

With regard to NPK content in black cumin defatted seeds different treatments increased the percentage of each of these elements. 

INTRODUCTION


Black cumin is a winter an annual herbaceous plant which is belonging to the Ranunculaceae family and it is widely cultivated in various parts of the world and is usually grown in Mediterranean countries. 

In Egypt, Nigella sativa L. is cultivated as a winter annual crop, the seeds are usually sown in October and November, early sowing is preferable for better growth and seed yield. Dry climate is more favorable for growing the plant because high relative humidity renders the plant more susceptible to insect and fungal attack (Abou-Zeid, 1986).
The seeds of black cumin on account of their aromatic nature are used as a spice in cooking so, that seeds are sold in the markets to be used as a condiment and native medicine. The major components of Russian and Egyptian N. sativa L. seeds have been reported in earlier studies (Nergiz and Ötles, 1993). These seeds have many medical properties, and they are digestive stimulants as well as carminative, aromatic, diuretic, diaphonetic, stomachic, anthelmintic. (Hashim and Elkiey, 1962; Salama, 1973; Babayan et al., 1978; Agarwal et al., 1979 and Al-Jassir, 1992). 

Moreover, compounds which have antimicrobial activities were found in the volatile oil of N. sativa L. seeds by Egyptian workers (El- Alyf et al., 1975). Also, the seeds contain a seponoside melanthing a bitter compound, Nigelline, an essential oil, from which nigelline can be extracted, and tannir (Jenes, 1977). 


Furthermore, Nigella sativa oil as a natural preservative agent, effect of oil extract on sensory evaluation, PH value mocytogenes, spore forming bacteria and percent inhibition were examined. 


Identification of crude oil extract using Gas chromatography - mass spectrometery (GC. MS) for active components. The analysis of GC. Ms showed that the active components were five of oil extract, its molecular weight were: Alpha- phellandrene [Monocyclomonoterpene] molecular weight (M.W. = 136], Benzen, 1 methyl – 4 – (1- ethyl ethyl) [Monocyclomonoterpene] (M.W.)= 134), Junipene [Cyclic hydrocarbon] (M.W.) = 204, Hexadecanoic acid (palmitic acid) [Fatty acid] (M.W.) = 256 and 9, 12-Octadecadienoic acid (Linoleic acid) [Unsaturated fatty acid] (M.W.) = 280, and other component unknown which play an important positive roles antimicrobial agent (El- Shawaf and El Zainy 2000). Also, the dried ripe seeds known as Habet El-Baraka contained volatile oil (1-1.5%) fixed oil (30-35%) and better principles (Nigellane and damesenne). The seeds are used as expectorant and as flavoring agent to bead (Mahran 1970). In addition, obtained the oil in 31% yield by cold extraction of the dried crushed seeds with benzen. 

Few studies have been carried out dealing with the nature of Nigella sativa growth and productivity using different fertilizers and/or growth regulators. In this respect, Boron deficiency is a widespread nutritional disorder. Boron availability to plants decreases with increasing soil pH and/or under drought conditions (Marschner, 1986). Drop of buds, flowers and developing fruits, also are typical symptoms of boron deficiency (Poulain and Al-Mohammad, 1995). Boron has both indirect and direct effects on fertilization (Marschner, 1995). Its deficiency-induced reduction or even failure of seed and fruit are well known, since the supply of boron required for seed production is usually higher than that needed for vegetative growth only (Singh et al., 1992). DM production and uptake of N, P and B and seed yield were the highest with boronated superphosphate (Bakry et al., 1987, on peas, and Ateeque et al., 1993, on sunflower). On the other hand, the interaction effects of B and various growth substances was favourable for improving growth and yield (Huang et al., 1989, on faba bean, and El-Mansi et al., 1990, on peas).


As for, the seed oil is the most important compound in Nigella seeds because it contains the active ingredient, nigellon that used as an antiasthmatic drug in strengthening the immunity system and some other clinical purposes, (Attia et al., 2001). In this respect, the vitamin composition, B (Thiamin), B6 (riboflavin), niacin of N. sativa L. seed were found to be high and the seeds showed a composition of 21% protein, B 5.5% fat, 5.5% moisture and 3.7% ash, the rest being total carbohydrate (Nergiz and Ötles 1993).


Furthermore, this investigation is aimed to increase the yield of black cumin seeds and their contents of the important medicinal components (i.e. volatile oil and fixed oils) using certain concentrations of different applied treatments. 


The present study also aimed to stimulate different aspect of the plant growth, especially root growth. Also, trying for making this plant more tolerance for wilting phenomena that took place usually with the onset of flowering. So, the anatomical variations and hormonal profile under the conditions of different treatments were also achieved. 

MATERIALS AND METHODS

The present study was carried out in two separated experiments, i.e. Pots and field experiments.

- Pot experiments:  


This study was conducted at the Experimental Farm of the Agriculture Botany Department, Faculty of Agriculture at Moshtohor, Benha University during the two growing successive seasons of 2003 and 2004. Two experiments were conducted in pots (out-doors) at the field using black cumin seeds. 


The used pots were 30 cm in diameter and filled with 12 kg fertile garden soil mixed well with 2 kg pure sand. Then, 15 homogenous treated (soaked) seeds of black cumin (Nigella sativa L.) were shown in three hills five seeds for each, hence were covered with pure sand with keeping the depth constant. Pots were irrigated with 1000 ml tap water for each. 


This experiment was carried out to study the effect of different applied treatments on the following aspects: 

1- Flowering. 2- Fruit setting.     3- Seed production (seed yield) of black cumin plants. 

The applied treatments: (Seed Soaking) 

- Separately treatments: 

1- In elements: Boron (B) at 50 ppm (in form of Boric acid)., Boron (B) at 250 ppm (in form of Boric acid)., Sulphur (S) at 50 ppm (in Microphet form 80% (S)), Sulphur (S) at 50 ppm (in Microphet form 80% (S))., Sulphur (S) at 250 ppm (in Microphet form 80% (S)), Potassium (K) at 100 ppm (in chelated form). and Potassium (K) at 500 ppm (in chelated form).

2- In the assigned growth regulators: Benzyladenine (BA) at 5 ppm., Benzyladenine (BA) at 25 ppm., Naphthalene acetic acid (NAA) at 10 ppm.,  Naphthalene acetic acid (NAA) at 50 ppm. and Paclobutrazol (PP333) at 1ppm “ The higher concentrations more than 1 ppm, severely inhibited the growth of black cumin plant”.

- Combination treatments: 1- Mixture of Boron (B) + Sulphur (S) at 50 ppm for each. 2- Benzyladenine (BA) at 5 ppm + Mixture of (B + S each at 50 ppm).  3- Naphthalene acetic acid (NAA) at 10 ppm + Mixture of (B + S each at 50 ppm).  4- Paclobutrazol (PP333) at 1 ppm + Mixture of (B + S each at 50 ppm).  5- BA at 5 ppm + NAA at 10 ppm + Mixture of (B + S each at 50 ppm).  6- Soaking in water as control. 

Soaking seeds of different assigned treatments were for period of 4 hours for each. 

Black cumin seeds were obtained from the Ministry of Agriculture, Seed Center, Dokki, Giza, Egypt. 


After seedling emergence, one week later, plants were thinned with one plant / hill (i.e. three plants / pot). 


After thinning, plants were fertilized as recommended for this plant with 10 gm superphosphate / pot (as one dose) and 5 gm ammonium nitrate (as two dose, first after thinning and the second after start flowering, with 2 ½ gm for each).


The data of sowing treated seeds was the 15th of October for 2003 and 2004 seasons. The pots were arranged in rows (10 for each). Then pots were labeled for the previous mentioned different applied treatments. All pots were regularly irrigated twice weekly (one liter for each time) during October, November and December meanwhile it was for one time during January, February and March and again twice time weekly until the harvest time.

-Flowering characteristics through flowering stage: 

For studying the flowering behavior of various treatments in black cumin plant, three plants per each treatment were randomly taken, labeled and the following data were recorded: 

a- First flower appearance:

(1) Number of days passed till first flower appearance (after date of sowing). 

(2) Earliness or redardness for first  flower appearance (days). 


Number of days that passed between the first flower appearance in any treatment and the appearance of first flower in control treatment. 

b- First flower anthesis: (Start of first flower anthesis) 

1- Number of days passed from first flower appearance till start of first flower anthesis in black cumin plant. 

2- Earliness or retardness for first flower anthesis (days): 


Number of days that passed between the first flower anthesis starting in any treatment and the anthesis starting of first flower in control treatment. 

c- First flower full anthesis: 1- Number of days passed from first flower anthesis starting till full anthesis of the first flower in black cumin plant (i.e. appearance of small fruit). 

2- Earliness or retardness of full flower full anthesis (days). 


Number of days that passed between the first flower full anthesis in any treatment and the full anthesis of first flower in control treatment. 

d- Fruit setting parameters: 1- Number of days passed from the full anthesis of the first flower till complete first setted fruit in black cumin. 

2- Earliness or retardness in days for complete first setted fruit. 


Number of days between the first setted fruit in any treatment and the setted of first fruit in control treatment. 

e- Yield characteristics: 

- Number of fruits / plant “Number of fruits = number of flowers”, Weight of fruits g/plant. and Weight of seeds g / plant (i.e. economical yield). 

f- Harvest index:

To determine the total dry matter accumulation among different plant organs; shoots (including main stem and branches) and leaves dry weights in the end of growth period (i.e, at the end of experiments) were estimated. In addition, seeds dry weight (i.e the more economical part of the yield) were also estimated. The harvest index was expressed as the proportion of the dry matter of economic yield (i.e., dry weight of seeds) divided by biological one (i.e.; main stem, leaves, branches and fruit dry weights) according to Gardner et al., (1985) using the following equation: 


Harvest index =   

Where:  Economical yield = dry weight of seeds

Biological yield = dry weight of shoots (without roots) + dry weight of the intact fruits. 

- Field experiments: 

Two field experiments were carried out at the experimental vegetables station of Hort. Department, Faculty of Agric. at Moshtohor during 2003 and 2004 seasons.

Soaked treated seeds of the different applied treatments (i.e. exactly the same treatments in laboratory and pot experiments) were sown on October 15th during the two assigned seasons in rows 30 cm between and 50 cm apart.

Two weeks after seedling emergence plants were thinned into two plants per hill. Then the all agricultural practices recommended for the calculation of this plant were applied. These practices were including nitrogen and phosphorus fertilizers and regular irrigation as well as the needs control.

These experiments were performed to study the effect of different applied treatments upon fruit and capsule characteristics. Also, the chemical composition of shoots and seeds including their economic oil yield. At the harvest time, i.e. at 176 days plants of different applied treatments were collected for the following measurements and determination.

-Fruit characteristics:  

1- Number of capsule/plant. 2- Weight of intact capsule g/plant. 3- Weight of seeds g/capsule. 
4- Weight of empty capsule g/plant. 5- Weight of capsules g /plant. 6- Number of seeds/capsule. 

7- Weight of seeds g/plant. 

-Capsule characteristics:  1- Weight of intact capsule g. 2- Number of seeds at capsule. 3- Weight of seeds g/capsule. 4- Weight of empty capsule g. 5- Weight of seeds / weight of empty capsule g. 6- Weight of 100 seeds g. 
- Capsule shape index: 

1- Capsule diameter cm/ (the mean diameter of 10 capsules per each treatment). 

2- Capsule length cm/capsule (the mean length of 10 capsules per each treatment).

3- Intact capsule size (cm3) was determined according to Hanson and Churchill (1968). 

4- Number of loculs / capsule (The mean number of 10 capsules per each treatment). 

5- Capsule shape index: calculated as the ratio between the length and the diameter (L/D) of the capsule. 

-Chemical analysis: 

-Oil extraction and analytical methods: 

(1) Volatile oil and fixed oils extraction:


The seeds were ground in a disentegrator. Percentage and yield of volatile oil determined in the ground seeds by water distillation according to the procedure described by Pearson (1962). Then, percentage and yield of fixed oil was extracted and avianed from defatted seeds by the soxhlet extraction method using n-hexane and calculated according to the method described by A.O.A.C. (1990). 

(2) Total oils: was calculated by the sum of volatile and fixed oil. 

(3) NPK contents:  a- In shoots:


NPK contents were determined in dry matter of shoots (including main stem, branches and fruits). For nitrogen determination, the method described by Horneck and Miller (1998) was used.

b- In seeds: For phosphorus determination, the method described by Sandell (1950) was used and the methods described by Horneck and Hanson (1998) was used for K determination.

(4) Crude protein: 1- In shoots.  2- In seeds (defated seeds). 

Crude protein was calculated according to the following equation: 

Crude protein = total nitrogen X 6.25 as described by A.O.A.C. (1990). 

(5) Total carbohydrates: Total carbohydrates was calculated in shoots and seeds by differences in major contents i.e. crude protein and oils. 

- Statistical analysis: 


Data of morphological, flowering and yield characteristics and yield characteristics were statistically analyzed and the means were compared using the least significant different test (L.S.D) at 5% and 1% levels according to Snedecor and Cochran (1980).  

RESULTS AND DISCUSSION
 Flowering:   



As shown in Table (1) number of days required for first flower anthesis is being shortened with one, two or three days when compared with control. The only exception was that increasing of these days by only one day in case of pp333 at 1ppm and the combination of (B+ S at 50 ppm for each), as well as with two days in case of BA at 5 ppm + (B+S at 50 ppm for each). Reduction in days number reached about seven days in K at 500 ppm, BA at 5ppm and 25 ppm, meanwhile it was seventeen days in control. 
Similar results was obtained by Marousky (1981) on Lilium longiflorum plant. These results may be due to that, at specific concentration of boron, it controls the phenols in cells as so prevent the damaging effect of phenols accumulation. Keeping the membrane in integrity state. Beside boron associated with protoplasmic membrane, reacting with the sugar molecule at this locus to form a complex, which then move through the membrane with a greater facility than the sugar molecule itself, leading to translocation of sugars which consequently increased the duration of flowers (Gauch and Dugger, 1953). These results are in agreement with those obtained by Valk et al., (1991) on tulip plant.

Table (1): Effect of different applied treatments on the flowering of black cumin (Nigella sativa L.) plants at flowering stage during 2003-2004 seasons.

	Treatments (ppm)
	Numbers of days passed till first flower appearance
	% Relative to the control
	No. of days until 1st flower full anthesis
	Earliness or retardness for 1st flower full anthesis days
	% Relative to the control

	Boron               50
	133
	98.52
	9
	-8
	52.94

	Boron             250
	134
	99.26
	9
	-8
	52.94

	Sulphur            50
	134
	99.26
	13
	-4
	76.47

	Sulphur         250
	133
	98.52
	8
	-9
	47.06

	K                    100
	134
	99.26
	8
	-9
	47.06

	K                    500
	133
	98.52
	7
	-10
	41.18

	BA                     5
	134
	99.26
	7
	-10
	41.18

	BA                    25
	134
	99.26
	7
	-10
	41.18

	NAA                 10
	134
	99.26
	18
	+1
	105.88

	NAA                50
	134
	99.26
	7
	-10
	41.18

	PP333                           1
	134
	99.26
	10
	-7
	58.82

	(B  +  S)

(50 + 50)
	133
	98.52
	10
	-7
	58.82

	BA + (B  +  S)

5  +  (50+ 50)
	133
	98.52
	10
	-7
	58.82

	NAA + (B + S)

10   + (50+50)
	133
	98.52
	9
	-8
	52.94

	PP333 + (B + S)

1     + (50+50)
	133
	99.26
	10
	-7
	58.82

	BA + NAA + (B+S)

5 + 10  (50+50)
	134
	99.26
	8
	-9
	47.06

	Control
	135
	100.00
	17
	0
	100.00


- Fruit setting:  


Data in Table (2) clearly show that NAA at 10 ppm and BA at 5 ppm combined with each of boron and sulphur 50 ppm for each were the most effective treatments for shortening that time required for first fruit setting than the control.
Table (2): Effect of different applied treatments on fruit setting of black cumin (Nigella sativa L.) plants (Mean value of 2003-2004 seasons).  

	Treatments (ppm)
	No. of days required for complete 1st setted fruit
	Number of fruit/plant
	Weight of fruit g/plant
	Number of fruit/plant
	Weight of fruit g/plant

	Seasons 
	
	2003
	2004

	Boron             50
	7
	14
	1.73
	13
	1.56

	Boron           250
	7
	7
	1.23
	7
	1.12

	Sulphur         50
	7
	6
	1.54
	7
	1.53

	Sulphur       250
	7
	5
	1.20
	5
	1.14

	K                  100
	8
	8
	1.12
	6
	1.10

	K                  500
	8
	6
	1.23
	8
	1.14

	BA                   5
	8
	9
	1.42
	8
	1.28

	BA                 25
	9
	9
	1.36
	9
	1.40

	NAA              10
	6
	6
	1.31
	8
	1.46

	NAA              50
	8
	6
	0.82
	6
	0.87

	PP333                      1
	8
	18
	2.75
	17
	2.51

	(B + S) 50 + 50                 
	7
	12
	2.16
	12
	3.39

	BA + (B +S)  5  +   (50+50)       
	5
	24
	7.21
	22
	6.13

	NAA + (B + S) 10  +   (50 +50)    
	9
	16
	2.57
	16
	2.53

	PP333 + (B + S) 1    +  (50 + 50)    
	7
	18
	4.19
	17
	4.59

	BA + NAA + (B + S) 5+ 10+   (50 +50) 
	8
	17
	3.73
	17
	3.31

	Control 
	9
	7
	1.31
	6
	0.79


- Fruits number : 



Data in Table (3) clearly indicate that BA at 5 ppm, NAA at 10 ppm and pp333 at 1 ppm each combined with B + S (each at 50 ppm) gave highest significant increased of fruit number and their dry weight. Also, B at 50 ppm and pp333 at 1 ppm (each alone) gave high significant. 
Also, other studies have been reported similar positive effects of some growth regulators including Benzyladenine upon the fruiting characteristics of Nigella sativa. They reported that cytokinins (as BA) appeared to play an important role in the regulation of cell division, differentiation and organogenesis in developing plant (Skoog and Armstrong, 1970; Hall, 1973 and Youssif and Talaat, 1998). In addition, the positive effect of boron on the pod number per plant might owe much to its physiological role in the translocation of sugars and photosynthates in part tissues (Marschner, 1986). Similar results were reported by Omar (1980), Huang et al., (1989), Ibrahim (1990), El-Said (1993) and Poulain and Al-Mohammad (1995) on faba bean plants, and Midan et al. (1982) and El-Mansi et al. (1990) on pea plants.

- Biological, economical yields and the harvest index  



Data in Table (4) clearly show that the treatment of BA at 5 ppm + (B + S each at 50 ppm) exhibited the highest biological and economical yields (i.e. weight of dry seeds). 

- Field experiments:
In this part of the present study; two field experiments were carried out at the Hort. Experimental station, Dept. of Hort., Faculty of Agriculture at Moshtohor during the two successive seasons of 2003 and 2004.

These two experiments were assigned for the reproductive measurements and the chemical analysis of yielded fruits.

1- Number of capsules / plant:  


Table (5) clearly show that
the only treatment of NAA at 50 ppm in the two seasons decreased this number, meanwhile, 250 ppm B, 50 and 250ppms and 100 & 500 ppm K either had no effect or in significantly increased it, yet, the rest of treatments showed its high significant increase. 

2- Weight of intact capsule: 



As shown in Table (5) clearly it could be noticed that different treatments increased this parameter to reach its maximum with BA at 5 ppm in 2003 season and at 25 ppm in 2004 season. 

3- Weight of seeds/ capsule: 


A
s shown in Table (5) in case of intact capsule weight; the weight of seeds per capsule was also significant increased with different treatments. 

Fruit characteristics:



Data in Table (6) show that different treatments in the two seasons significantly increased the weight of intact capsule to reach its maximum with BA at 25 ppm (0.600 & 0.680 gm/capsule in the two seasons, respectively). For the seeds number per capsule it behaved as the same as the weight of intact capsule. Seeds weight per capsule behaved as the same as each of weight of intact capsule and seeds number as well- thereby, the weight of empty capsule was less than the control in most cases. Also, the weight of 100 seeds in different treatments increased this weight to reach either the 5% or even 1% levels of significance. 
In general, the above mentioned data are in harmony with those obtained by Mohamed (1997), Mohamed (1998), Khater et al., (1992), Osman (1979) and Khaled (2001). In addition, the increment in dry pod number and weight of seed yield / plant, due to applying P, B or GA3 treatments, could be attributed to the more increases in vegetative growth characters, which might provide more green area and consequently, make more food supply for which dry matter content was a reliable index. In addition, it might be attributed to the more increase in pod setting percentage and reduction in abscission percentage, as well as the increase in seed number / pod, 100-seed weight and seed dry matter content. Moreover, review of literature showed positive correlation between seed yield and each of number of branches and pods / plant, number of seeds / pod, 100-seed weight and seed dry matter content (El-Fieshawy and Fayed, 1990 and Etman, 1992).

-Capsule measurements: 


As shown in Table (7) capsule diameter was increased to reach the high level of significance especially with BA at 5 ppm, pp333 at 1 ppm, B + S at 50 ppm for each and with pp333 + (B + S at 50 ppm for each). Also, for capsule length different treatments showed variant capsule lengths. As for the capsule size it was significantly increased with BA at 5 and 25 ppm; 25 ppm BA + (B + S each at 50 ppm); 1 ppm pp 333  + (B + S each at 50 ppm) and 5 ppm BA + 10 ppm NAA + (B + S each at 50 ppm). Some applied treatments increased the locul number such as 5 ppm BA + 50 ppm B + S for each. 

Essential (volatile) and fixed oils:



As shown in Table (8) different treatments increased each of essential and fixed oils when compared with the control. Also, 5ppm BA gave the highest increase of both oils (1.43 and 34.9% for volatile and fixed, respectively). Also, nearly the same content was obtained with each of BA at 25 ppm, pp333 at 1ppm, (B + S) 50 ppm for each. 
In this respect, Mahmoud (1980) reported that the growth substances applied in the 1st cut were found to decrease the volatile oil percents immediately after the application to mint plants, yet a prominent increase was noticed at cutting. The latest spray, in this respect Mostafa et al. (1996) reported that the addition of boron at 270 ppm with any method combined with P2O5 at 300 ppm, gave the maximum increase in the essential oil percentage, compared with the other treatments. This increase may be due to increase number and/or gland size. Similar trend of results was cleared by Sharga and Motial (1984) on tuberose plant. With regard to MH applications on geranium, a consistent decrease was recoded for all concentrations in both cuts.  In general, all the physiochemical properties of the essential oil (mint or geranium) were shown not to be affected by either GA or MH treatments with respect to the standard values. However, GA treatments appeared to improve slightly the menthol content of mint oil. Similarly, MH applied at its lowest concentration, showed the same effect. It was also found that either GA or MH applications were found effective in improving the quality of geranium oils since total and free alc. percents (expressed in terms of geraniol) were increased reaching the maximum limits known by references. Other studies have been carried out using Benzyl adenine (BA) and Gibberellic acid (GA3) as foliar spray on black cumin plant. Of these studies are Ahmed (1990) who reported that BA at 20 ppm increased plant height, foliage weight, volatile oil yield and leaf content of nitrogen. Also, Mousa et al., (2001) showed that BA increased number of branches and capsules per plant, seed yield as well as fixed and volatile oil yields.
                Table (8): Effect of different applied treatments on oil fractions of black cumin (Nigella sativa L.) seeds (i.e. fixed, volatile & total oils).  

	 Treatment (ppm)  
	Fixed oil  % 


	Volatile oil (Essential oil)
	Total oil %
	R. Total oil to the control

	Boron                    50
	31.50
	1.05
	32.55
	105.07

	Boron                   250
	31.53
	1.01
	32.54
	105.04

	Sulphar                 50
	31.65
	1.07
	32.72
	105.62

	Sulphar               250
	31.82
	1.08
	32.90
	106.20

	K                          100
	32.39
	1.30
	33.69
	108.75

	K                          500
	32.63
	1.30
	33.93
	109.52

	BA                           5
	34.91
	1.43
	36.34
	117.30

	BA                         25
	34.46
	1.32
	35.78
	115.49

	NAA                     10
	32.82
	1.14
	33.96
	109.62

	NAA                     50
	32.97
	1.25
	34.22
	110.46

	PP333                     1
	34.25
	1.31
	35.56
	114.78

	(B + S) 

50 + 50                  
	34.43
	1.36
	35.79
	115.53

	BA + (B +S) 

5  +   (50+50)        
	34.97
	1.39
	36.36
	117.37

	NAA + (B + S) 

10  +   (50 +50)     
	32.94
	1.34
	34.28
	110.65

	PP333 + (B + S) 

1    +  (50 + 50)     
	34.42
	1.37
	35.79
	115.53

	BA + NAA + (B + S) 

5+ 10+   (50 +50)  
	34.74
	1.28
	36.02
	116.27

	Control 
	30.00
	0.98
	30.98
	100.00


                   R. = relative total oil to the control.

-Chemical analysis: 



As shown in Table (9) for nitrogen it was increased in shoots with different treatments, so, the crude protein also increase in shoots. Also, phosphorus and potassium were in most cases increased in shoots. With regard to NPK content in black cumin defatted seeds different treatments increased the percentage of each of these elements. As for carbohydrates content it was reversely behaved with the oil content.    

CONCLUSION



All experiments revealed that soaking Nigella seeds with different applied treatments increased seed yield and seed components (oils) due to improved root, shoot and reproductive growths of Nigella sativa L. Also, Benzyladenine at the two concentrations, paclobutrazol as separately or in combination with mixture of boron & sulphur each at 50 ppm and the mixture of Benzyladenine at the lowest concentration + the lowest concentration of Naphthalene acetic acid + the mixture of boron + sulphur (each at 50 ppm) were the best applied treatments that reached the high yield. 
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طبيعة نمو نبات حبة البركة باستخدام ظروف نمو معينة
2- الإزهار والإثمار والتركيب الكيماوي
سعيد على الدسوقى* - زكريا محمد خضر*- فاتن حسن محمود*- أنصارى مفتاح**- هيام عبد الجواد*

* قسم النبات الزراعى – كلية الزراعة – جامعة بنها
** قسم النبات الزراعى – كلية الزراعة- جامعة المنوفية
الملخص العربي
أجريت هذه الدراسة لدراسة نمو ومحصول حبة البركة باستخدام عناصر مغذية معينة ( البورون ، الكبريت ، البوتاسيوم ). وبعض منظمات النمو ( نفثالين حمض الخليك ، بنزيل أدنين ، باكلوبيوترازول) كمعاملات مستقلة وبعضهم فى صورة  مشتركة. ويمكن تلخيص أهم النتائج المتحصل عليها فيما يلي: 

 قلت عدد الأيام اللازمة لتفتح أول زهرة حيث انخفض إلى 7 أيام  فى المعاملة بالبوتاسيوم بتركيز 500 جزء فى المليون والبنزيل ادنين بتركيزيه بينما كانت 17 يوم فى الكنترول . كما كانت أكثر المعاملات تأثيرا فى تقليل الفترة اللازمة لعقد أول ثمرة هي المعاملة بالنفثالين حمض الخليك بتركيز 10 جزء فى المليون ومعاملة البنزيل ادنين بتركيز 5 جزء فى المليون عند خلطهما مع مخلوط (البورون والكبريت بتركيز 50 جزء فى المليون لكلا منهما) مقارنة بالكنترول . 

كما لوحظ أن أعلى زيادة معنوية لعدد الثمار ووزنها الجاف فى معاملات البنزيل ادنين بتركيز 5 جزء فى المليون ، نفثالين حمض الخليك بتركيز 10 جزء فى المليون ، الباكلوبيوترازول  كلا منها مخلوط مع مخلوط (البورون والكبريت بتركيز 50 جزء فى المليون لكلا منهما). أعطى البورون بتركيز 50 جزء فى المليون والباكلوبيوترازول بتركيز 1 جزء فى المليون كلا فى حالة منفردة معنوية عالية.

أظهرت معاملة مخلوط البنزيل ادنين بتركيز 5 جزء فى المليون ومخلوط (البورون والكبريت بتركيز 50 جزء فى المليون لكلا منهما). أعلى محصول بيولوجي – اقتصادي (وزن البذور الجافة). كما أوضحت الدراسة أن  المعاملات أظهرت زيادة معنوية عالية فى عدد الكبسولات وزن الكبسولة كاملة وزن البذور بالكبسولة و وزن البذور بالكبسولة . كما زاد قطر الكبسولة و طول الكبسولة و عدد المساكن للكبسولة.
أما بالنسبة للزيوت الأساسية والزيوت الثابتة فقد زادت كلاً من الزيوت الأساسية الطيارة والزيوت الثابتة زيادة معنوية فى المعاملات المختلفة عند مقارنتها بالكنترول. كما زاد النيتروجين والبروتين و الفوسفور والبوتاسيوم فى المجموع الخضرى زيادة معنوية مع مختلف المعاملات تحت الدراسة. كذلك أظهر المحتوى الكربوهيدراتى علاقة عكسية مع المحتوى من الزيوت داخل البذرة.
Table (4): Effect of different applied treatments on biological, Economical yields and the harvest index of black cumin (Nigella sativa L.) plants at 176 days (i.e. at the harvest time) during 2003-2004 seasons. 

	Characteristics
	Biological Y. g/plant
	% R. to the control
	*Economical Y. g/plant
	% R. to the control
	Harvest index
	Biological Y. g/plant
	% R. to the control
	Economical Y. g/plant
	% R. to the control
	Harvest index

	Treatments (ppm)
	2003
	2004

	Boron               50 
	2.680
	110.88
	0.285
	360.76
	10.63
	2.587
	136.15
	0.282
	339.76
	10.90

	Boron             250 
	2.500
	103.43
	0.215
	272.15
	8.60
	2.057
	108.26
	0.211
	254.22
	10.26

	Sulphur            50 
	3.777
	156.27
	0.384
	486.07
	10.17
	3.320
	174.74
	0.398
	479.52
	11.99

	Sulphur         250 
	2.507
	103.72
	0.324
	410.12
	12.93
	2.093
	110.16
	0.355
	427.71
	16.96

	K                    100 
	2.707
	112.00
	0.393
	497.47
	14.52
	2.687
	141.42
	0.396
	477.11
	14.74

	K                    500 
	4.250
	176.83
	0.346
	433.97
	8.14
	4.540
	238.95
	0.339
	408.43
	7.47

	BA        5 
	4.193
	173.47
	0.462
	584.81
	11.02
	4.127
	217.21
	0.460
	554.22
	11.15

	BA                    25 
	3.743
	154.86
	0.488
	617.72
	13.04
	3.777
	198.79
	0.490
	590.36
	12.94

	NAA                 10 
	3.120
	129.09
	0.337
	426.58
	10.80
	3.270
	172.11
	0.338
	407.23
	10.34

	NAA                50 
	2.993
	123.83
	0.280
	354.43
	9.36
	3.633
	191.21
	0.298
	359.04
	8.20

	PP333                           1 
	5.633
	233.06
	0.433
	548.10
	 7.69
	5.393
	283.84
	0.433
	521.69
	8.03

	(B  +  S) 

(50 + 50)            
	4.150
	173.86
	0.475
	601.27
	11.63
	5.380
	283.16
	0.478
	575.90
	8.88

	BA + (B  +  S) 

  5  +  (50+ 50)   
	10.383
	434.79
	0.472
	597.47
	4.63
	8.20
	431.58
	0.471
	567.47
	5.74

	NAA + (B + S) 

  10   + (50+50)  
	5.100
	211.74
	0.376
	475.95
	7.39
	5.393
	283.84
	0.365
	439.76
	6.77

	PP333 + (B + S)

  1     + (50+50)  
	7.247
	302.38
	0.453
	573.42
	6.25
	7.647
	402.47
	0.457
	550.60
	5.98

	BA + NAA + (B+S) 

5 + 10  (50+50)  
	6.350
	265.51
	0.443
	560.76
	7.01
	5.600
	294.74
	0.450
	542.17
	6.42

	Control
	2.417
	100.00
	0.079
	100.00
	3.27
	1.900
	100.00
	0.083
	100.00
	2.54

	L.S.d.
	0.05
	0.92
	45.72
	0.02
	30.46
	1.70
	0.062
	42.16
	0.03
	66.95
	1.32

	
	0.01
	1.26
	62.99
	0.03
	41.97
	2.35
	0.086
	58.09
	0.05
	92.24
	1.81


Y. = Yield




R. = Relative


* weight of seeds.

Table (6): Effect of different applied treatments on fruit characteristics of Black Cumin (Nigella sativa L.) at harvest time during 2003 and 2004 seasons. 

	Characteristics
	Number of capsules /plant
	Weight of intact capsule g/capsule
	Weight of seeds g/capsule
	Weight of empty capsule g
	Weight of capsules g/plant
	Number of seeds / capsule
	Weight of seeds g/plant
	% Relative to the control
	Number of capsules /plant
	Weight of intact capsule g/capsule
	Weight of seeds g/capsule
	Weight of empty capsule g
	Weight of capsules g/plant
	Number of seeds / capsule
	Weight of seeds g/plant
	% Relative to the control

	Treatment

(ppm)
	2003
	2004

	Boron          50
	14
	0.358
	0.288
	0.070
	5.012
	80
	23.04
	170.79
	15
	0.342
	0.274
	0.068
	5.130
	80
	21.98
	205.04

	Boron        250
	7
	0.431
	0.343
	0.088
	3.017
	93
	31.90
	236.47
	7
	0.440
	0.351
	0.089
	3.080
	99
	34.75
	324.16

	Sulphur       50
	7
	0.564
	0.424
	0.140
	3.948
	123
	52.15
	386.58
	8
	0.540
	0.417
	0.123
	4.320
	125
	52.13
	486.29

	Sulphur     250
	7
	0.510
	0.423
	0.087
	3.570
	106
	44.03
	326.39
	7
	0.507
	0.426
	0.081
	3.550
	108
	46.01
	429.20

	K                100
	9
	0.541
	0.429
	0.112
	4.869
	122
	52.34
	387.99
	9
	0.566
	0.452
	0.114
	5.094
	121
	54.69
	510.17

	K                500
	8
	0.525
	0.428
	0.097
	4.200
	101
	43.23
	320.46
	8
	0.534
	0.428
	0.106
	4.272
	103
	44.08
	411.19

	BA                 5
	15
	0.624
	0.567
	0.057
	9.360
	116
	65.7
	487.03
	16
	0.561
	0.503
	0.058
	8.976
	114
	57.34
	534.89

	BA               25
	16
	0.612
	0.516
	0.096
	9.792
	113
	58.31
	432.25
	17
	0.605
	0.515
	0.090
	10.285
	113
	58.20
	542.91

	NAA            10
	7
	0.484
	0.362
	0.122
	3.395
	112
	40.66
	301.41
	8
	0.488
	0.362
	0.126
	3.904
	112
	40.54
	378.17

	NAA            50
	6
	0.444
	0.335
	0.109
	2.676
	91
	30.49
	226.02
	6
	0.458
	0.352
	0.106
	2.748
	93
	32.74
	305.41

	PP333                    1
	18
	0.568
	0.496
	0.072
	10.205
	128
	63.49
	470.64
	18
	0.567
	0.487
	0.080
	10.206
	126
	61.36
	572.39

	(B  +  S)

(50 + 50)
	15
	0.560
	0.492
	0.068
	8.400
	124
	61.01
	452.26
	16
	0.563
	0.493
	0.070
	9.008
	125
	61.63
	574.91

	BA + (B  +  S)

5  +  (50+ 50)
	24
	0.568
	0.464
	0.104
	13.680
	127
	59.18
	438.70
	22
	0.566
	0.463
	0.103
	12.452
	128
	59.26
	552.80

	NAA + (B + S)

10   + (50+50)
	16
	0.517
	0.414
	0.103
	8.272
	114
	47.20
	349.89
	15
	0.516
	0.407
	0.109
	7.740
	114
	46.40
	432.84

	PP333 + (B + S)

1     + (50+50)
	19
	0.577
	0.501
	0.076
	10.960
	129
	64.63
	479.10
	19
	0.580
	0.499
	0.081
	11.020
	129
	64.37
	600.47

	BA + NAA + (B+S)

5 + 10  (50+50)
	17
	0.574
	0.498
	0.076
	9.758
	125
	62.25
	461.45
	19
	0.576
	0.502
	0.074
	10.944
	126
	63.25
	590.02

	Control
	7
	0.250
	0.097
	0.153
	2.401
	71
	13.49
	100.00
	6
	0.330
	0.170
	0.160
	1.980
	67
	1.0.72
	100.00

	L.S.D.
	0.05
	1.81
	0.04
	0.04
	0.02
	0.98
	8.23
	4.78
	31.62
	1.68
	0.03
	0.0.
	0.01
	0.93
	7.20
	4.82
	26.14

	
	0.01
	2.49
	0.05
	0.05
	0.03
	1.35
	11.33
	6.58
	42.98
	2.32
	0.05
	0.05
	0.02
	1.28
	9.92
	6.64
	37.80


Table (7): Effect of different applied treatments on capsule characteristics of black cumin (Nigella sativa L.) at harvest time during 2003 and 2004 seasons.  

	Characteristics s
	Weight of intact capsule g
	Number of seeds capsule
	Weight of seeds g / capsule
	Weight of empty capsule g
	Weight of seeds/ Weight of empty capsule g
	% Relative to the control
	Weight of 100 seed g
	% Relative to the control
	Weight of intact capsule g
	Number of seeds capsule
	Weight of seeds g / capsule
	Weight of empty capsule g
	Weight of seeds/ Weight of empty capsule g
	% Relative to the control
	Weight of 100 seed g
	% Relative to the control

	Treatment

(ppm)
	2003
	2004

	Boron          50 
	0.320
	73.90
	0.24
	0.08
	3.000
	400.00
	0.33
	157.14
	0.320
	70.20
	0.25
	0.07
	3.571
	476.13
	0.34
	161.90

	Boron        250 
	0.340
	86.20
	0.24
	0.10
	2.410
	320.00
	0.29
	138.10
	0.370
	88.20
	0.27
	0.10
	2.700
	360.00
	0.29
	138.10

	Sulphur       50 
	0.510
	108.90
	0.37
	0.14
	2.643
	352.40
	0.42
	200.00
	0.490
	106.60
	0.36
	0.13
	2.769
	369.80
	0.39
	185.71

	Sulphur     250 
	0.450
	99.00
	0.35
	0.10
	3.500
	466.67
	0.41
	195.24
	0.410
	96.40
	0.32
	0.09
	3.556
	474.13
	0.39
	185.71

	K                100 
	0.530
	112.10
	0.42
	0.11
	3.818
	509.07
	0.43
	204.46
	0.500
	111.80
	0.40
	0.10
	4.000
	533.33
	0.43
	204.76

	K                500 
	0.500
	101.90
	0.40
	0.10
	4.000
	533.33
	0.43
	204.76
	0.470
	102.60
	0.37
	0.10
	3.700
	493.33
	0.43
	204.76

	BA                 5 
	0.540
	110.90
	0.48
	0.06
	8.000
	1066.67
	0.43
	204.76
	0.540
	112.90
	0.48
	0.06
	8.000
	1066.67
	0.43
	204.76

	BA               25 
	0.600
	109.80
	0.51
	0.09
	5.667
	755.60
	0.50
	238.10
	0.680
	108.40
	0.50
	0.10
	5.000
	616.67
	0.50
	238.10

	NAA            10 
	0.470
	100.50
	0.36
	0.11
	3.272
	436.27
	0.34
	161.90
	0.470
	106.30
	0.35
	0.12
	2.917
	388.93
	0.35
	166.67

	NAA            50 
	0.430
	91.80
	0.31
	0.12
	2.583
	344.40
	0.29
	138.10
	0.430
	93.80
	0.32
	0.11
	2.909
	387.86
	0.31
	147.62

	PP333                    1 
	0.550
	112.40
	0.44
	0.11
	4.000
	533.34
	0.44
	209.52
	0.560
	108.80
	0.45
	0.11
	4.091
	545.47
	0.45
	214.29

	(B  +  S) 

(50 + 50)            
	0.600
	113.10
	0.47
	0.13
	3.615
	482.00
	0.45
	214.29
	0.580
	114.20
	0.47
	0.11
	4.273
	519.73
	0.45
	214.29

	BA + (B  +  S) 

  5  +  (50+ 50)   
	0.540
	115.60
	0.44
	0.10
	4.400
	586.67
	0.46
	219.05
	0.550
	115.30
	0.45
	0.10
	4.500
	600.00
	0.46
	219.05

	NAA + (B + S) 

  10   + (50+50)  
	0.460
	109.90
	0.33
	0.13
	2.538
	338.40
	0.37
	176.19
	0.480
	110.20
	0.35
	0.13
	2.692
	358.93
	0.36
	171.43

	PP333 + (B + S)

  1     + (50+50)  
	0.560
	119.10
	0.46
	1.10
	4.600
	613.33
	0.45
	214.29
	0.560
	119.80
	0.46
	0.10
	4.600
	613.33
	0.46
	219.05

	BA + NAA + (B+S) 

5 + 10  (50+50)  
	0.560
	115.30
	0.46
	0.10
	4.600
	613.33
	0.44
	209.52
	0.550
	114.10
	0.45
	0.10
	4.500
	600.00
	0.44
	209.52

	Control
	0.210
	58.70
	0.09
	0.12
	0.750
	100.00
	0.21
	100.00
	0.210
	60.00
	0.09
	0.12
	0.750
	100.00
	0.21
	100.00

	L.S.D.
	0.05
	0.05
	9.04
	0.05
	0.01
	0.60
	116.27
	0.04
	17.93
	0.06
	8.28
	0.05
	0.01
	0.53
	70.97
	0.05
	23.72

	
	0.01
	0.07
	12.45
	0.07
	0.02
	0.82
	160.20
	0.05
	24.70
	0.08
	11.40
	0.06
	0.02
	0.73
	97.79
	0.06
	32.68


Table (5): Effect of different applied treatments on capsule shape and its locul number of black cumin (Nigella sativa L.) plants at the harvest time during 2003 and 2004 seasons. 

	Characteristics
	Capsule diameter cm
	Capsule length cm
	Intact capsule size cm3
	Number of locules
	Capsule shape index
	% Relative to the control
	Capsule diameter cm
	Capsule length cm
	Intact capsule size cm3
	Number of locules
	Capsule shape index
	% Relative to the control

	Treatments   (ppm)
	2003
	2004

	Boron          50 
	0.970
	1.330
	1.033
	5.000
	1.371
	127.65
	0.967
	1.133
	1.167
	5.000
	1.172
	109.12

	Boron        250 
	1.070
	1.300
	1.000
	5.667
	1.215
	113.13
	1.070
	1.400
	1.000
	5.000
	1.308
	121.79

	Sulphur       50 
	1.137
	1.667
	1.067
	5.333
	1.466
	136.50
	1.117
	1.533
	1.000
	5.333
	1.372
	127.75

	Sulphur     250 
	1.183
	1.600
	0.963
	6.000
	1.358
	125.88
	1.150
	1.500
	1.100
	6.000
	1.304
	121.41

	K                100 
	1.183
	1.633
	1.133
	5.333
	1.380
	128.49
	1.150
	1.500
	1.100
	5.333
	1.304
	121.41

	K                500 
	1.067
	1.633
	0.997
	5.000
	1.530
	142.46
	1.133
	1.633
	1.063
	5.000
	1.441
	134.17

	BA                 5 
	1.767
	1.103
	1.300
	5.667
	0.624
	58.10
	1.700
	1.137
	1.317
	5.667
	0.669
	62.29

	BA               25 
	1.667
	1.200
	1.367
	6.000
	0.720
	67.04
	1.633
	1.167
	1.383
	5.333
	0.715
	66.57

	NAA            10 
	1.100
	1.567
	1.000
	6.000
	1.425
	132.68
	1.107
	1.533
	1.030
	5.333
	1.385
	128.96

	NAA            50 
	1.133
	1.633
	1.067
	5.000
	1.441
	134.17
	1.117
	1.617
	0.987
	5.000
	1.448
	134.82

	PP333                     1 
	1.733
	1.333
	1.200
	6.000
	 0.769
	71.60
	1.767
	1.267
	1.267
	5.667
	0.717
	66.76

	(B  +  S) 

(50 + 50)            
	1.700
	1.700
	1.167
	6.000
	1.000
	93.11
	1.700
	1.600
	1.133
	6.333
	0.941
	87.62

	BA + (B  +  S) 

  5  +  (50+ 50)   
	1.833
	1.633
	1.333
	7.333
	0.890
	82.86
	1.833
	1.700
	1.367
	6.333
	0.927
	86.31

	NAA + (B + S) 

  10   + (50+50)  
	1.267
	1.800
	1.167
	5.000
	1.421
	132.31
	1.233
	1.633
	1.200
	6.000
	1.324
	123.28

	PP333 + (B + S)

  1     + (50+50)  
	1.800
	1.467
	1.400
	7.000
	0.815
	75.88
	1.817
	1.500
	1.400
	6.333
	0.826
	76.91

	BA + NAA + (B + S) 

  5  +    10  (50 + 50)  
	1.417
	1.567
	1.383
	7.000
	1.106
	102.98
	1.400
	1.600
	1.367
	6.667
	1.143
	106.42

	Control
	1.117
	1.200
	0.900
	5.000
	1.074
	100.00
	1.117
	1.200
	0.887
	5.333
	1.074
	100.00

	L.S.D.
	0.05
	1.10
	0.14
	0.13
	0.56
	0.13
	12.40
	0.10
	0.11
	0.13
	0.92
	0.11
	11.21

	
	0.01
	0.14
	0.19
	0.18
	0.77
	0.18
	17.09
	0.13
	0.16
	0.18
	1.27
	0.16
	15.45


Table (9): Effect of different applied treatments on N, P, K contents, crude protein and total carbohydrates in shoots of black cumin (Nigella sativa L.) at 176 days after sowing (i.e. at harvest time), values represent the mean values of 2003-2004 seasons.

	Treatments

     (ppm)
	% N
	% P
	% K
	Crude protein
	Total carbohydrate 

	
	
	
	
	Crude protein
	% R. to the control
	Total carbohydrate mg/g
	% R. to the control

	Boron                    50 
	5.61
	0.214
	2.41
	35.06
	155.68
	64.94
	83.82

	Boron                  250 
	4.40
	0.206
	2.16
	27.50
	122.11
	72.50
	93.57

	Sulphur                 50 
	5.61
	0.216
	2.08
	35.06
	155.68
	64.94
	83.82

	Sulphur               250 
	4.20
	0.187
	2.30
	26.25
	116.56
	73.75
	95.19

	K                          100 
	4.40
	0.198
	2.87
	27.50
	122.11
	72.50
	93.57

	K                          500 
	4.20
	0.201
	2.48
	26.25
	116.56
	73.75
	95.19

	BA                           5 
	4.61
	0.228
	2.32
	28.78
	127.80
	71.22
	92.72

	BA                         25 
	4.61
	0.236
	2.17
	28.78
	127.80
	71.22
	92.72

	NAA                     10 
	5.01
	0.197
	2.40
	31.28
	138.90
	68.72
	88.69

	NAA                     50 
	5.21
	0.188
	2.19
	32.53
	144.45
	67.47
	87.08

	PP333                                     1 
	5.01
	0.270
	2.27
	31.28
	138.90
	68.72
	88.60

	(B  +  S) 

(50 + 50)            
	5.61
	0.230
	2.48
	35.06
	155.68
	64.94
	83.82

	BA + (B  +  S) 

  5  +  (50+ 50)   
	4.81
	0.217
	2.72
	30.03
	133.35
	69.97
	90.31

	NAA + (B + S) 

  10   + (50+50)  
	5.41
	0.187
	2.25
	33.78
	150.00
	66.22
	85.55

	PP333 + (B + S)

  1     + (50+50)  
	4.81
	0.236
	2.18
	30.03
	133.35
	69.97
	90.31

	BA + NAA + (B+S) 

5 + 10  (50+50)  
	5.01
	0.240
	2.90
	31.28
	138.90
	57.50
	74.21

	Control
	3.60
	0.178
	2.30
	22.52
	100.00
	77.48
	100.00


R. = Relative 

Table (8): Effect of different applied treatments on N, P, K contents, crude protein, total oil and total carbohydrates in seeds of black cumin (Nigella sativa L.) at 176 days after sowing (i.e. at harvest time), values represent the mean values of 2003-2004 seasons.

	Treatments

    (ppm)
	% N
	% P
	% K
	Crude protein
	Total oil 
	Total carbohydrate 

	
	
	
	
	Crude protein
	% R. to the control
	
	Total carbohydrate mg/g
	% R. to the control

	Boron                50 
	5.32
	2.86
	2.98
	33.25
	108.55
	32.55
	66.75
	96.22

	Boron              250 
	5.81
	2.40
	2.86
	36.31
	118.55
	32.54
	63.69
	91.81

	Sulphur             50 
	5.96
	2.55
	2.78
	37.25
	121.61
	32.72
	62.75
	90.46

	Sulphur           250 
	5.58
	2.13
	2.86
	34.88
	113.88
	32.90
	65.12
	93.87

	K                      100 
	5.72
	2.00
	3.15
	35.75
	116.72
	33.69
	64.25
	92.62

	K                      500 
	5.66
	2.08
	3.05
	35.38
	115.51
	33.93
	64.62
	93.15

	BA                        5 
	6.05
	2.21
	2.87
	37.81
	123.44
	36.34
	62.19
	89.65

	BA                      25 
	6.13
	2.31
	2.77
	38.31
	125.07
	35.78
	61.69
	88.93

	NAA                   10 
	5.73
	2.18
	2.82
	35.81
	116.91
	33.96
	64.19
	92.53

	NAA                   50 
	4.86
	2.05
	2.61
	30.38
	99.18
	34.22
	69.62
	100.36

	PP333                                 1 
	5.22
	2.98
	2.73
	32.63
	106.53
	35.56
	67.37
	97.12

	(B  +  S) 

(50 + 50)            
	5.14
	2.67
	2.59
	32.38
	105.71
	35.79
	67.62
	97.48

	BA + (B  +  S) 

  5  +  (50+ 50)   
	5.40
	2.36
	2.64
	33.75
	110.19
	36.36
	66.25
	95.50

	NAA + (B + S) 

  10   + (50+50)  
	4.78
	2.11
	2.80
	29.88
	97.55
	34.28
	70.12
	101.08

	PP333 + (B + S)

  1     + (50+50)  
	4.96
	2.88
	2.78
	31.00
	101.21
	35.79
	69.00
	99.47

	BA + NAA + (B+S) 

5 + 10  (50+50)  
	6.80
	2.56
	2.92
	42.50
	138.53
	36.02
	57.50
	82.89

	Control
	4.90
	1.98
	2.24
	30.63
	100.00
	30.98
	69.37
	100.00


R. = Relative 
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