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In the present study the growth 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.


The most of applied treatments hastened seedlings emergence of Nigella sativa expect paclobutrazol at 1 ppm. Meanwhile, the combination of PP333 with (B +S each at 50 ppm) minimized that retardation to reach nearly one third of paclobutrazol when applied separately.

           All the applied treatments showed an inhibition of vegetative growth at 66 days of plant      age (i.e., first sample) that reached to the level of significance in most cases two seasons. 

  All the second sample (176 days after sowing), treatments of BA at the two concentrations, NAA at 50 ppm; (B+S at 50 ppm for each); BA at 5 ppm + (B+S each at 50 ppm) and NAA at 10 ppm + (B+S each at 50 ppm) increased the vegetative growth of  treated plants during the two seasons. 

         
The treatments of BA at 25 ppm, pp333 at 1ppm and NAA at 50 ppm increased the            endogenous content of auxin in roots with more than two, three and nine times comparing with control roots. But,  this content was decreased with BA at 5 ppm + (B +S each at 50 ppm).


Endogenous auxin was increased with pp333 at 1 ppm and NAA at 50 ppm, yet it  was decreased with BA either separately or in combination concerning. 

The endogenous gibberellic acid (GA3),  the only BA at 25 ppm gave a detectable amounts in roots, yet, the rest of treatments either in roots or in shoots did not give any   detectable amount of this hormone. 


 Meanwhile, in ease of endogenous cytokinins it was decreased with different assigned treatments in shoots, yet, it was decreased in roots with exogenous applications of BA.



 In histological studies,  Increase of root diameter was mainly due to that increase in each of cortex and vascular tissues. Also, different treatments increased stem diameter to reach its maximum with BA at 5ppm + NAA at 10 ppm + (B + S each at 50 ppm) followed by PP333 at 1ppm.

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,1methyl– 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). Boron has both indirect and direct effects on fertilization (Marschner, 1995). On the other hand, the interaction effects of B and various growth substances was favourable for improving growth (Huang et al., 1989, on faba bean, and El-Mansi et al., 1990, on peas).


The present study 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
In the present study the growth of black cumin Nigella sativa L plant were studied using certain elements and some the growth regulators
The applied treatments: (Seeds soaking)

A- Separately treatments: 

1- In elements:   a- Boron (B) at 50 or 250 ppm (in form of Boric acid), Boron 
        b-Sulphur (S) at 50 or 250 ppm (in Microphet form 80% (S) water soluble)

        c- Potassium (K) at 100 or 500 ppm (in form of chelated potassium citrate 48% K) 
2- In the assigned growth regulators:       a- Benzyladenine (BA) at 5 or 25 ppm.  

        b- Naphthalene acetic acid (NAA) at 10 or 50 ppm.      c- Paclobutrazol (PP333) at 1 ppm.

B- Combination treatments: 1- Mixture of Boron (B) + Sulphur (S) at 50 ppm for each., 2- Benzyl adenine (BA) at 5 ppm + (B + S at 50 ppm for each)., 3- Naphthalene acetic acid (NAA) at 10 ppm + (B + S at 50 ppm for each)., 4- Paclobutrazol (pp333) at 1 ppm + (B + S at 50 ppm for each)., 5- BA at 5 ppm + NAA at 10 pm. + (B + S at 50 ppm for each). and  6- Soaking in water as control. 


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


Seeds were Soaked in different assigned treatments for period of 4 hours for each and conducted in pots. This experiment was carried out to study the effect of different applied treatments on the following aspects: 

1- Seedlings emergence. 2- Morphological traits. 3- Anatomical features. 4-Endogenous phytohormones

After seedling emergence, one week later, plants were thinned with 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. 

I- Seedling emergence parameters: 

- Number of days required for appearance of first seedling. “after sowing” in each treatment. 
      - Speed of seedling emergence: expressed as the number of days before or after the control divided by the number of days of the control. 

- Seedling emergence %
-Seedling emergence relative to the control. 
II-Morphological characteristics:

A- Morphological characteristics of roots and shoots at 66 days after sowing:


In addition, at 66 days after sowing a vegetative and root samples from different treatments were taken for the following determinations: 

1- Root parameters: 

1- Main root length cm/plant. 2- Root diameter cm/plant was measured directly at its base. 3- Root size cm3 / plant according to the elution method described by Hanson and Churchill (1968). 

2- Shoot parameters: 

1- Plant height (main stem) cm/plant. 2- Stem diameter cm/plant. 3- Number of leaves. 4- Number of main branches / plant. 5- Number of total branches (main + secondary branches) / plant. 6- Total length of branches (main + secondary branches) / plant. 7- Dry weight of shoots (including main stem + leaves + branches) g/plant. The all above characteristics were measured at the harvest time.

-Sampling and collecting data: 


In order to calculate the assimilation rate, relative growth rate and absolute growth rate; samples were taken from shoots at 66 and 73 days (i.e., one week interval between the two samples that taken for determination) after sowing for determination of dry weight. Also, number of leaves and the leaf area cm2 / plant were measured by area meter (CI-202, CID, Inc). 

(1) Absolute growth rate (AGR): mg/g/day was estimated following the method of (Radford 1967). 


AGR=


           mg/g/day

Where: W1 = the shoot dry weight at t1, W2 = the shoot dry weight at t2, t1 = time of the first sample,t2 = time of the second sample. 

(2) Relative growth rate (RGR) mg/g/day:  RGR was estimated, following the method of Radford (1967).


RGR =



mg/g/day.

Where:W1 = the shoot dry weight at t1. W2 = the shoot dry weight at t2.t1 = time of the first sample. t2 = time of the second sample. 

(3) Net assimilation rate (NAR) mg/g/day :  NAR was calculated using the following equation:   


NAR =

          

    X



Where:W1 = the shoot dry weight at t1. W2 = the shoot dry weight at t2.L1 = Leaf area (Cm2) at t​1.L2 = leaf area (Cm2) at t2. Log L1 =the logarithm of L1.Log L2 = the logarithm of L2.t1 = time of the first sample. t2 = time of the second sample. 

III-Photosynthetic Pigments:

Chlorophyll a, b and carotenoids were calorimetrically determined in the fresh leaves of black cumin plant at 73 days after sowing during both seasons according to the methods described by Inskeep and Bloom (1985) and calculated as mg/g fresh weight. 

IV- Anatomical studies: 


As a pioneer study; regarding the internal morphology of black cumin plant. It was intended to carry a comparative microscopical examination on roots and stem of treated plants to compare them with the control. 


From plants aged 66 days in the pot experiments, specimens were taken from the main roots 1 cm below the transition zone. The samples of stem (1 cm long) were taken from the middle part of the 3rd internode from the top of the main stem.

These vegetative specimens were then killed and fixed in FAA (5 ml formalin: 5 ml glacial acetic acid: 90 ml ethyl alcohol 70%), washed in 50% ethyl alcohol, dehydrated in a series of ethyl alcohol 70, 80, 90, 95 and 100%, infiltrated in xylene, embedded in paraffin wax with a melting point 60-63C, sectioned 15 microns in the thickness for the root and stem (Sass, 1951), stained with the double stain method (fast green and safranin), cleared in xylene and mounted in Canada-balsam (Johanson, 1940). Sections were read to detect histological manifestations of noticeable responses resulted from different applied treatments. 

V-Endogenous phytohormones: 

Endogenous phytohormones quantitatively were determined in Black cumin shoots and roots. At 66 days after sowing during 2004 season. The method of Koshioka et al. (1983) was used for the HPLC (High performance liquid chromatography) determination of auxin (IAA), gibberellic acid (GA3) and abscisic acid (ABA). Cytokinins were determined by the HPLC according to Nicander et al. (1993).   the following treatments during 2004 season were chosen for phytohormones determination at 66 days of plant age: 

1- Benzyl adenine (BA) at 25 ppm. 2- Paclobutrazol (pp333) at 1 ppm. 3- Naphthalene acetic acid (NAA) at 50 ppm. 4- Benzyl adenine (BA) at 5 ppm + B + S each at 50 ppm. 5- Control. 

-Extraction procedure:


For hormonal analysis 10 g of the fresh weight of shoots in the pot experiments were cut to small pieces and macerated, extracted twice with 96% methanol then twice with 40% methanol, each for 24 hours (Shindy and Smith, 1975). The methanolic extract was filtered and evaporated in a rotary evaporator at 40°C to an aqueous solution. The solution was adjusted to PH 8.6 and extracted 4 times with 100 ml ethyl acetate. The alkaline ethyl acetate anhydrous sodium sulphate (one tea spoon / 100 ml.) The ethyl acetate fraction was filtered then evaporated to dryness, the residue dissolved in 4 ml absolute ethanol. This extraction was used for the determination of cytokinins, according to Nicander et al. (1993). 


The aqueous solution was acidified to PH 2.6 – 2.8 and extracted as described above, this extraction was used for the determination of gibberellic acid (GA3), indole-3-acetic acid (IAA) and abscisic acid (ABA) by HPLC according to the method described by (Koshioka et al., 1983). 


The identification of phytohormones was accomplished by comparing the peaks retention times with the retention times of authentic substances. The quantity of individual plant hormones was determined by comparing the peak area produced by a known weight of the plant material with the standard curves of the authentic substances which expressed the relation between the different concentrations and their peak areas. 


All results for endogenous phytohormones were calculated as (g/100 gm fresh weight.
VI-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 
I.1. Seedling emergence: 

As shown in Table (1), it could be noticed that the most of applied treatments hastened seedling emergence of N. sativa. The only exhibition was that retardation of paclobutrazol at 1 ppm. Meanwhile, the combination of PP333 with boron and sulphur each at 50 ppm minimized that retardation to reach nearly one third of paclobutrazol when applied separately. Different applied treatments shortened the number of days required till first seedling appearance when related to the control. The only exception was that PP333 at one ppm that gave a retardation comparing with control yet, sulphur at 50 and 250 ppm, K at 100 and 500 ppm, BA at 5 and 25 ppm, NAA at 10, 50 ppm, B + S at 50 ppm for each as well as their combination with BA and NAA at 10 ppm + (B +S each at 50 ppm) were the more pronounced treatments for hastening of first seedling appearance. The all applied treatments increased percentage of speed seedling emergence. The only exception was that slight reduction (5%) with PP333 at 1 ppm. 

Because, PP333 is a common antigibberellin it decreased germination aspects. Since the stimulating effect of gibberellin on seed germination could be attributed to the fact that GA3 affects the balance between endogenous growth promoters and inhibitors (Jackson and Blundell, 1963), meanwhile it activates enzymes connected with germination process (Bolduce et al., 1970 and Hawker and Bungey, 1976). Meanwhile, PP333 completely reversed these effects.

Generally, results of the present study are being of great interest, because the law germination percentage of Nigella sativa seeds faced each of growers and researchers (Miller and Holcomb, 1982; Mandal and Maity, 1993 and Boselah, 1995).

   Table (2): Effect of different applied treatments on seedling emergency of black  cumin (Nigella sativa L) plants.  

	         Characters
Treatments   

       (ppm)
	Number of days required for appearance of first seedling
	% Speed of Seedling emergence 
	Seedling emergence %
	% Relative to the control

	Boron         50
	13
	+23.53
	100
	109.89

	Boron        250
	13
	+23.53
	98
	107.69

	Sulphur     50
	12
	+29.41
	100
	109.89

	Sulphur    250
	12
	+29.41
	96
	105.49

	K              100
	12
	+29.41
	100
	109.89

	K              500
	12
	+29.41
	98
	107.69

	BA               5
	12
	+29.41
	100
	109.89

	BA             25
	12
	+29.41
	94
	103.29

	NAA          10
	12
	+29.41
	100
	109.89

	NAA          50
	12
	+29.41
	94
	103.29

	PP333           1
	18
	-5.88
	69
	75.82

	(B + S)  at 50 + 50                  
	12
	+29.41
	96
	105.49

	BA + (B +S) at   5  +   (50+50)        
	12
	+29.41
	100
	109.89

	NAA +(B + S) at 10  + (50 +50)     
	12
	+29.41
	100
	109.89

	PP333 + (B + S) at 1+ (50 + 50)     
	14
	+17.65
	76
	83.52

	BA + NAA + (B + S)at 5+ 10+ (50 +50)  
	14
	+17.65
	100
	109.89

	Control
	17
	00.00
	91
	00.00


II.2.1. Root growth 

II.2.1. Root length:        



Data in Table (2) clearly show that all the applied treatments showed an inhibition of root growth at 66 days of plant age (i.e., first sample) that reached to the level of significance in most cases two seasons. All the second sample (176 days after sowing), treatments of BA at the two applied concentrations, NAA at 50 ppm; (B+S at 50 ppm for each); BA at 5 ppm + (B+S each at 50 ppm); NAA at 10 ppm + (B+S each at 50 ppm) increased the root length of treated plants during the two seasons. 

II.2.2. Root diameter 



As indicated in Table (2), in the first sample during the two seasons: root diameter significantly was increased or decreased or did not show any effect in comparison with the control. At the second sample Benzyladenine alone or in combination with boron and sulphur showed significant increase (the highest increase) of this diameter. Also, during the two seasons root diameter significantly increased with the most of applied treatments. Since, each of pp 333 at 1 ppm alone or when combined with (B+S each at 50 ppm ) as well as BA at 5 ppm combined with NAA at 10 ppm + (B+ S each at 50 ppm) significantly increased this diameter. 

II.2. 3. Root size: 



As shown in Table (2) in most cases different applied treatments significantly increased the root size of treated plants in comparison with the control, since the highest significant increase was that of BA at 5 ppm + (B + S each at 50 ppm) in 2003 season and with pp333 at 1ppm + (B + S each at 50 ppm) in 2004 season.

In this respect, Moustafa et al., (1996) reported that, this result may be due to that using B at suitable level with suitable method of application led to increase and activate the formed roots to absorb the necessary elements for flower initiation and development, besides boron increases the relative amounts of phosphosynthate translocated to each region, specially that of flower initiated consequently stimulated florets development (Sorokina, 1971). Similar trend of results was obtained by Valk et al., (1991) on tulip plant.

II.3. Shoot measurements: 

II.3.1. Plant height           



As shown in Table (3), the treatments of BA and NAA each combined with B and S as well as NAA alone at 50 ppm exhibited the greatest plant height at the second sample during 2003 season. Meanwhile the maximum plant height at the second sample existed with BA at 5 ppm and NAA at 10 ppm each combined with B and S each at 50 ppm.

Table (3): Effect of different applied treatments on stem characteristics of black cumin        

                (Nigella sativa L.) at two stages (vegetative and reproductive growths i.e. 66        

                and 176 days of plant age) during 2003 and 2004 seasons. 

	Characters
	Plant height Cm/plant
	Stem diameter Cm/plant
	Plant height Cm/plant
	Stem diameter Cm/plant

	Seasons
	2003
	2004
	2003
	2004
	2003
	2004
	2003
	2004

	                                    Samples

Treatments (ppm)  
	First sample

(Vegetative growth)
	Second sample

(Reproductive growth)

	Boron         50
	31.67
	32.00
	0.283
	0.317
	35.33
	38.67
	0.667
	0.650

	Boron        250
	28.00
	27.33
	0.267
	0.283
	33.00
	32.67
	0.467
	0.427

	Sulphur     50
	28.33
	26.67
	0.233
	0.227
	30.00
	30.67
	0.390
	0.387

	Sulphur    250
	32.33
	24.33
	0.283
	0.250
	34.67
	33.67
	0.417
	0.400

	K              100
	30.67
	27.33
	0.233
	0.217
	35.00
	33.00
	0.417
	0.417

	K              500
	30.33
	25.67
	0.290
	0.290
	35.00
	33.00
	0.417
	0.417

	BA               5
	26.00
	22.33
	0.333
	0.333
	31.67
	31.00
	0.533
	0.533

	BA             25
	28.67
	25.67
	0.357
	0.373
	38.67
	36.33
	0.850
	0.917

	NAA          10
	29.33
	26.33
	0.233
	0.207
	38.00
	39.33
	0.413
	0.433

	NAA          50
	24.00
	21.67
	0.283
	0.273
	45.33
	42.00
	0.367
	0.383

	PP333           1
	27.00
	29.33
	0.313
	0.297
	36.00
	38.67
	0.567
	0.600

	(B + S)  at 50 + 50                  
	29.00
	30.33
	0.370
	0.330
	37.33
	38.33
	0.517
	0.500

	BA + (B +S) at   5  +   (50+50)        
	36.00
	35.33
	0.303
	0.323
	41.00
	42.67
	0.4483
	0.520

	NAA +(B + S) at 10  + (50 +50)     
	29.00
	28.33
	0.253
	0.217
	45.67
	47.33
	0.48
	0.500

	PP333 + (B + S) at 1+ (50 + 50)     
	22.00
	20.67
	0.320
	0.300
	31.67
	33.33
	0.517
	0.510

	BA + NAA + (B + S)at 5+ 10+ (50 +50)  
	25.33
	22.67
	0.290
	0.317
	41.00
	39.67
	0.510
	0.517

	Control
	27.33
	25.67
	0.283
	0.223
	37.67
	32.67
	0.323
	0.333

	L.S.D at 0.05
	4.07
	3.56
	0.05
	0.05
	3.55
	3.68
	0.07
	0.05

	L.S.D at 0.01
	5.60
	4.91
	0.07
	0.07
	4.88
	5.07
	0.01
	0.07


II.3.2. Stem diameter 

As shown in Table (3) it’s more obvious that BA as exogenously applied or its endogenously stimulation by the exogenous application of pp333 gave highest increase of stem diameter. Here, it could be mentioned that BA as exogenous application or PP333 that estimate endogenous synthesis of cytokinins; both exhibited the highest increased of this diameter. In this respect, cytokinins known and will recommended to increase the extension growth of plant tissue (Devlin and Witham, 1983 and Marschner, 1995). This may increase the proportion of protoplasm to cell wall with the result of increased cell size (Marschner, 1986).

II.3.3. Leaves characteristics:         

Data in Table (4) clearly indicates the number of leaves of leaves, the all applied treatments increased this number to reach the level of significance especially in the second season. For the total leaf area it was significantly increased during the two seasons to reach its maximum with BA at 5 ppm + (B + S each at 50 ppm). In this respect, increasing each of leaves number and area could be expected with some of the applied treatments. Of these, is the treatment of BA at 5 ppm + (B + S each at 50 ppm), since Benzyladenine is a shooting hormone (Devlin and Witham, 1983 and Marschner, 1995). Therby, increasing both leaves number and their area, as well is mainly due to increasing of branches number .

II.3.4. Number of branches: 

As shown in Table (4) different applied treatments at the harvest time increased this number to reach the high level of significance. Also, the summation of branches height / plant was behaved as the same as their number. The present data are going in harmony with those results obtained by El-Badawy and Abd-Allah (1984) and Ahmed (1993) they reported that, CCC increased branch number. They added that branch number may be attributed to the effect of this regulator on counteracting the apical dominance.

II.4.1 Absolute growth rate (AGR):  



Data in Table (5) indicate that the treatment of NAA at 25 ppm significantly increased this trait meanwhile other treatments insignificantly increased it or even it was significantly decreased. 

II.4.2 Net assimilation rate (NAR): 



Data presented in Table (5) clearly indicate that different applied treatments gave variant results during the two seasons. Yet. pp333 gave the highest increase of this rate. 

II.4.3. Photosynthetic pigments:         



As shown in Table (6) Chlorophylls a + b was increased in most cases of the applied treatments. Meanwhile it was decreased with S at 250 ppm, K at 500 ppm, NAA at 10 ppm, pp333 at 1 ppm, B + S (each at 50 ppm) and NAA at 10 ppm + (B + S each at 50 ppm) during the two seasons. 

II.5. Histological study: 



Data in Table (7) and Figs. (1-3) clearly show that different applied treatments highly increased root diameter to reach its maximum with BA treatments and K at 100ppm. Increase of root diameter was mainly due to that increase in each of cortex and vascular tissues. 

Increasing of vascular tissues are being of great interest, because that could reversed upon improvement of translocation for nutrients and the photosynthates as well. In other meaning translocation of water and different nutrients from soil to leaves from one side and photosynthates from leaves to various plant parts from the other. In addition the above mentioned results are being more evident when thickness of secondary xylem vessels are considered. Also, width of the largest xylem vessels was proportional to the width of stem diameter .

       Data in Table (7) and Figs. (4&5) clearly show that different treatments increased stem diameter to reach its maximum with BA at 5ppm + NAA at 10 ppm + (B + S each at 50 ppm) followed by PP333 at 1ppm. Increase of stem diameter was mainly due to the increase of stem wall thickness not to the diameter of hollow pith. 
Many workers reported that application of CCC similar to PP333 to different legume plants caused increase in stem thickness by promoting the thickness of different tissues. On the other hand stem elongation was decreased due to CCC treatment El-Fouly et al., 1988; Hussein, 1990 and Abdo, 1992). Also, El-Shaarawi et al., (2004) reported that in mung plant transverse sections of the upper region of main stem (seventh internode) at the age of 45 days revealed that the effect of CCC varied according to concentration used.
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Fig.(1): Effect of different applied treatments on root anatomy of Nigella sativa L. (X=100)

            1- Control    


 2- B at 50 ppm
 
 3- S at 50 ppm
Where : Co. = cortex 
  Sc.ph. = secondary phloem 
Sc.x. = secondary xylem 

               Pri.x.= primary xylem

M.r.= medulary rays .
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Fig. (2): Effect of different applied treatments on root anatomy of Nigella sativa L. (X=100) 

    1- K at 100 ppm.   2- BA at 5 ppm.    3- NAA at 10 ppm       4- PP333 at 1 ppm.
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Fig. (3): Effect of different applied treatments on root anatomy of Nigella sativa L. (X=100)

               1-B+S at 50 +50 ppm

2- BA at 5 ppm + B+S at 50 + 50 ppm
               3- NAA at 10 ppm + B+S at 50 + 50 ppm

               4 - BA at 5 ppm + NAA at 10 ppm + B+S at 50 + 50 ppm
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Fig. (4): Effect of different applied treatments on stem anatomy of Nigella sativa L. (X=100) 

1- Control   

 2- B at 50 ppm    

3- S at 50 ppm
Where = Ep. = Epiderms  Co. = cortex  F.  = Fibers 
 Ph. = phloem 
 Met.x.= Meta xylem


Pro.x. = Proto xylem   Pa.pi. = Parenchymatous pith 
H.Pi. = Hollow pith
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Fig. (5): Effect of different applied treatments on stem anatomy of Nigella sativa L. (X=100)

1- PP333 at 1 ppm + B+S at 50 + 50 ppm.  



                 2- BA at 5 ppm + NAA at 10 ppm + B+S at 50 + 50 ppm.
II.6. Phytohormones determination:

As shown in Table (9) the treatments of BA at 25 ppm, pp333 at 1ppm and NAA at 50 ppm increased the endogenous content of auxin in roots with more than two, three and nine times comparing with control roots. But this content was decreased with BA at 5 ppm + (B +S each at 50 ppm).

-In shoots: endogenous auxin highly was increased with pp333 at 1 ppm and NAA at 50 ppm, yet it was decreased with BA either separately or in combination. The endogenous gibberellic acid (GA3) the only BA at 25 ppm gave a detectable amounts in roots, yet, the rest of treatments either in roots or in shoots did not give any detectable amount of this hormone. Meanwhile, in ease of endogenous cytokinins it was decreased with different assigned treatments in shoots, yet, it was decreased in roots with exogenous applications of BA. The above mentioned results has been previously recommend. Since, other studies reported the increase of endogenous cytokinins and reduction of endogenous gibberellin at the same time. Of these studies are Bracale et al., (1988), Weathenuax et al., (1996), Shinkle et al., (1998), Martinez et al., (2000) and El-Desouky et al., (2005 a, b and c).

Table (9): Effect of certain applied treatments on endogenous hormonal profile in roots and shoots of Nigella sativa L. plants at 66 days of plant age during 2004 season μg/100g F.W.).

	Phytohormones
	Promoters 
	Inhibitors 
	Prom./ Inhib. ratio

	
	Indole acetic acid (IAA)
	Abscisic acid (ABA)
	Cytokinins
	Abscisic acid (ABA)
	(%)

	Treatments                           (ppm)
	In roots

	BA              25
	17.94
	2.21
	12.33
	13.19
	245

	PP333           1
	25.05
	-
	128.18
	0.17
	77125

	NAA           50
	64.14
	-
	12.90
	-
	-

	BA + (B  +  S)

 25 + (50+ 50)   
	2.81
	-
	2.41
	-
	-

	Control 
	7.10
	-
	64.48
	-
	-

	
	In shoots

	BA              25
	0.22
	-
	11.82
	-
	-

	PP333           1
	27.93
	-
	39.06
	-
	-

	NAA           50
	21.00
	-
	29.00
	-
	-

	BA + (B  +  S)

 25 + (50+ 50)   
	2.42
	-
	8.29
	1.11
	972

	Control 
	5.28
	-
	20.01
	1.02
	2530


Endo. = Endogenous.


F.W. = Fresh weight.

Prom. = Promoters 



Inhib. = Inhibitors
CONCLUSION



All experiments revealed that soaking Nigella seeds with different applied treatments improved root, shoot and reproductive growths of Nigella sativa L. Also, benzyladinine at the two concentrations, paclubutrazol as separately or in combination with mixture of boron & sulphur each at 50 ppm and the mixture of benzyladinine at the lowest concentration + the lowest concentration of Naphthalin acetic acid + the mixture of boron + sulphur (each at 50 ppm) were the best applied treatments. 
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طبيعة نمو نبات حبة البركة باستخدام ظروف نمو معينة
1- النمو الخضرى والمحتوى الهرموني والتركيب التشريحي
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:
- أعطت اقل التركيزات من كل معاملة 100%  إنبات ،  بينما أعطت أعلى التركيزات  أقل نسبة إنبات عند مقارنتها بالتركيزات الأقل. في حين كل من التركيزات العالية مازلت أعلى من ( الغير المعامل ) المقارنة . 

- مختلف المعاملات قللت عدد الأيام التى تحتاجها البادرات حتى ظهور أول بادرة عند مقارنتها بالكنترول وكان الاستثناء الوحيد المعاملة بالكلوبوترازول عند التركيز 1 جزء فى المليون الذى أعطى التأخير مقارنة بالكنترول فى حين أن الكبريت بتركيزيه ، البوتاسيوم بتركيزيه ، ومخلوط (البورون + الكبريت بتركيز 50 جزء فى المليون لكل منهما) نفثالين حمض الخليك بتركيز 10 جزء في المليون + مخلوط (البورون + الكبريت بتركيز 50 جزء في المليون لكل منهما) أسرع المعاملات ظهورا في ظهور أول بادرة . كما أدت كل المعاملات المضافة إلى تحسين جميع قياسات النمو الخضرى تحت الدراسة. كما لوحظ ان  الكلوروفيل ا ، ب حدث له زيادة فىمعظم المعاملات المضافة .

 اما بالنسبة للدراسة التشريحية فقد  زاد قطر الجذر زيادة معنوية فى مختلف المعاملات المضافة لتصل لأقصاها مع معاملات البنزيل ادنين ومعاملة البوتاسيوم بتركيز 100 جزء فى المليون وكانت الزيادة فى قطر الجذر نتيجة للزيادة فى كلا من القشرة والأنسجة الوعائية . كما زاد قطر الساق فى مختلف المعاملات ليصل لأقصاه مع معاملة البنزيل ادنين بتركيز 5 جزء فى المليون + نفثالين حمض الخليك  بتركيز 10 جزء فى المليون + مخلوط (البورون والكبريت بتركيز 50 جزء فى المليون لكلا منهما) يليها المعاملة الباكلوبيوترازول  بتركيز 1 جزء فى المليون وكانت الزيادة فى قطر الساق راجعة الى زيادة سمك جدار الساق وليس لقطر النخاع.

 كما أدت معاملات البنزيل ادنين بتركيز 25 جزء فى المليون والباكلوبيوترازول بتركيز 1 جزء فى المليون ونفثالين حمض الخليك بتركيز 50 جزء فى المليون الى زيادة المحتوى الهرمونى الداخلى  للاوكسين فى الجذور مقارنة بالكنترول . بينما ادت المعاملة بالبنزيل ادنين بتركيز 5 جزء فى المليون  الى زيادة فى حمض الجبريللين فى  الجذور بينما باقى المعاملات  سواء فى عينات الجذور أو السيقان لم تعطى أى كمية واضحة من هذا الهرمون . بينما فى حالة هرمونات السيتوكينينات الداخلية فقد انخفضت نسبتها مع مختلف المعاملات فى السيقان بينما انخفضت نسبتها فى الجذور مع المعاملة الخارجية بالبنزيل ادنين.

Table (2): Effect of applied treatments on root growth of black cumin (Nigella sativa L.) plants at 66 days (i.e. first sample) and at 176 days (i.e. second sample, at harvest time) during 2003-2004 seasons.

	Characters
	Main length Cm/plant
	Root diameter Cm/plant
	Root size Cm3/ plant
	Main length Cm/plant
	Root diameter Cm/plant
	Root size Cm3/ plant

	Seasons
	2003
	2004
	2003
	2004
	2003
	2004
	2003
	2004
	2003
	2004
	2003
	2004

	   Samples 

Treatments 

    (ppm)
	First sample
	Second sample

	Boron               50 
	9.33
	9.00
	0.267
	0.283
	0.520
	0.550
	14.33
	13.00
	0.767
	0.783
	1.120
	1.020

	Boron             250 
	9.67
	8.33
	0.233
	0.250
	0.500
	0.500
	14.67
	13.33
	0.733
	0.750
	1.100
	1.000

	Sulphur            50 
	9.67
	9.67
	0.267
	0.267
	0.500
	0.500
	14.67
	14.67
	0.767
	0.783
	1.100
	1.167

	Sulphur         250 
	10.33
	9.00
	0.267
	0.217
	0.500
	0.500
	14.67
	14.67
	0.767
	0.767
	1.100
	1.200

	K                    100 
	9.33
	9.00
	0.300
	0.293
	0.500
	0.500
	14.33
	15.33
	0.783
	0.807
	1.100
	1.267

	K                    500 
	8.33
	8.00
	0.217
	0.220
	0.500
	0.440
	14.33
	13.67
	0.783
	0.797
	1.033
	1.133

	BA                     5 
	11.00
	8.33
	0.250
	0.217
	0.500
	0.500
	16.33
	16.33
	1.033
	1.033
	1.133
	0.937

	BA                   25 
	9.33
	8.67
	0.200
	0.170
	0.500
	0.460
	15.33
	13.67
	1.300
	1.270
	0.960
	0.957

	NAA                10 
	10.33
	9.33
	0.283
	0.227
	0.500
	0.533
	15.67
	14.33
	0.700
	0.670
	1.100
	1.000

	NAA               50 
	11.67
	12.17
	0.257
	0.260
	0.500
	0.533
	16.67
	17.17
	0.757
	0.760
	1.000
	1.033

	PP333                           1 
	13.00
	12.00
	0.257
	0.263
	0.767
	0.767
	14.33
	14.33
	0.923
	0.903
	1.000
	1.267

	(B  +  S) 

(50 + 50)              
	13.00
	13.00
	0.353
	0.323
	1.033
	0.967
	18.00
	18.00
	0.853
	0.823
	1.433
	1.450

	BA + (B  +  S) 

  5  +  (50+ 50)    
	11.67
	10.00
	0.367
	0.390
	0.733
	0.600
	16.67
	15.00
	0.867
	0.890
	1.533
	1.133

	NAA + (B + S) 

  10   + (50+50)    
	10.67
	9.00
	0.257
	0.213
	0.700
	0.467
	15.67
	14.00
	0.757
	0.713
	1.233
	1.067

	PP333 + (B + S)

  1     + (50+50)   
	13.00
	12.00
	0.313
	0.307
	0.900
	0.900
	18.00
	17.00
	0.857
	0.890
	1.200
	1.500

	BA + NAA + (B+S) 

5 + 10  (50+50)   
	11.07
	12.00
	0.307
	0.220
	0.567
	0.500
	16.67
	17.00
	0.890
	0.920
	1.500
	1.100

	Control
	13.00
	12.00
	0.303
	0.243
	0.433
	0.367
	15.00
	13.00
	0.703
	0.723
	0.900
	0.800

	L.S.D.
	0.05
	1.96
	1.52
	0.07
	0.05
	0.22
	0.11
	1.92
	1.49
	0.08
	0.08
	0.26
	0.11

	
	0.01
	2.71
	2.10
	0.10
	0.07
	0.31
	0.15
	2.64
	2.05
	0.10
	0.11
	0.36
	0.16


Table (4): Effect of applied treatments on certain shoot characteristics of black cumin (Nigella sativa L.) plants through two stages of growth during 2003 and 2004 seasons.

	Characters
	Number of leaves / plant
	Number of main branches / plant
	Total leaf area cm2/plant
	Number of leaves / plant
	Number of main branches / p
	Total leaf area cm2/plant
	Dry weight of (main stem + leaves + branches g/plant

	Seasons
	2003
	2004
	2003
	2004
	2003
	2004
	2003
	2004
	2003
	2004
	2003
	2004
	2003
	2004

	   Samples 

Treatments 

        ( ppm)
	First sample
	Second sample

	Boron               50 
	15
	15
	5
	5
	548.48
	662.88
	42
	48
	6
	7
	670.66
	727.99
	2.680
	2.587

	Boron             250 
	14
	16
	4
	4
	612.66
	602.05
	33
	32
	6
	7
	718.69
	727.02
	2.500
	2.057

	Sulphur            50 
	15
	13
	4
	4
	1750.20
	1771.20
	28
	29
	6
	4
	2115.47
	1947.26
	3.777
	3.320

	Sulphur         250 
	15
	13
	5
	5
	416.26
	410.28
	27
	27
	7
	7
	806.58
	944.26
	2.507
	2.093

	K                    100 
	16
	13
	3
	3
	1091.17
	1112.69
	34
	39
	5
	5
	2988.83
	3066.37
	2.707
	2.687

	K                    500 
	14
	12
	3
	3
	3591.00
	3278.40
	36
	37
	4
	4
	4801.20
	4547.57
	4.250
	4.540

	BA                     5 
	14
	14
	5
	4
	3423.00
	3668.90
	28
	27
	6
	6
	4231.10
	4126.33
	4.193
	4.127

	BA                    25 
	11
	11
	5
	5
	3190.90
	3351.10
	45
	46
	7
	8
	3819.30
	3983.20
	3.743
	3.777

	NAA                 10 
	13
	11
	4
	5
	2180.90
	2218.40
	25
	30
	6
	6
	3134.77
	3342.23
	3.120
	3.270

	NAA                50 
	11
	12
	4
	4
	4453.30
	3283.69
	34
	36
	5
	5
	5329.60
	3780.07
	2.993
	3.633

	PP333                            1 
	13
	12
	6
	5
	1751.10
	1731.93
	47
	55
	6
	6
	3593.93
	3473.90
	5.633
	5.393

	(B  +  S) 

(50 + 50)              
	13
	13
	5
	5
	941.56
	1230.00
	58
	53
	7
	6
	4911.03
	4269.70
	4.150
	5.380

	BA + (B  +  S) 

  5  +  (50+ 50)    
	16
	15
	6
	5
	4087.70
	3334.40
	65
	65
	8
	7
	6642.50
	6142.37
	10.383
	9.293

	NAA + (B + S) 

  10   + (50+50)    
	16
	14
	5
	4
	633.97
	726.85
	96
	101
	6
	6
	5999.70
	5885.53
	5.100
	5.393

	PP333 + (B + S)

  1     + (50+50)   
	14
	14
	7
	7
	3419.30
	3518.20
	71
	74
	8
	9
	3778.50
	3877.73
	7.247
	7.647

	BA + NAA + (B+S) 

5 + 10  (50+50)   
	13
	12
	5
	5
	2549.80
	2450.80
	59
	58
	6
	6
	4130.03
	4304.27
	6.350
	5.600

	Control
	12
	10
	3
	2
	945.10
	722.76
	26
	27
	4
	4
	1588.90
	1827.70
	2.417
	1.900

	L.S.D.
	0.05
	1.73
	1.60
	1.17
	142.37
	142.37
	227.52
	4.30
	1.54
	1.37
	315.04
	1042.77
	1042.77
	0.92
	0.62

	
	0.01
	2.38
	2.21
	1.61
	196.16
	196.16
	313.48
	5.92
	2.13
	1.88
	343.07
	1436.76
	1436.76
	1.26
	0.86


Table (5): Effect of different applied treatments on growth rates of black cumin (Nigella sativa L.) during 2003 and 2004 seasons.

	Characters
	Absolute growth rate (AGR)
	Relative growth rate (RGR)
	Net assimilation rate (NAR)
	Absolute growth rate (AGR)
	Relative growth rate (RGR)
	Net assimilation rate (NAR)

	
	 (AGR)
	% R. (AGR) to the control
	 (RGR)
	% R. (RGR) to the control
	(NAR)
	% R. (NAR) to the control
	 (AGR)
	% R. (AGR) to the control
	 (RGR)
	% R. (RGR) to the control
	(NAR)
	% R. (NAR) to the control

	   Seasons  

Treatments  

(ppm)
	2003
	2004

	Boron               50 
	0.041
	85.42
	0.049
	84.48
	0.068
	174.36
	0.044
	118.92
	0.065
	191.18
	0.061
	196.77

	Boron             250 
	0.033
	68.75
	0.038
	65.52
	0.050
	128.20
	0.047
	127.03
	0.065
	191.18
	0.071
	229.03

	Sulphur            50 
	0.066
	137.50
	0.042
	72.41
	0.034
	87.18
	0.068
	183.78
	0.029
	85.29
	0.035
	112.20

	Sulphur         250 
	0.027
	56.25
	0.034
	58.62
	0.046
	117.48
	0.030
	81.08
	0.037
	108.82
	0.047
	151.61

	K                    100 
	0.089
	185.42
	0.062
	106.80
	0.047
	120.51
	0.088
	237.84
	0.084
	247.06
	0.046
	148.38

	K                    500 
	0.104
	216.67
	0.034
	58.62
	0.025
	64.10
	0.101
	278.97
	0.044
	129.41
	0.026
	83.87

	BA                     5 
	0.155
	322.92
	0.045
	77.59
	0.027
	69.23
	0.116
	313.51
	0.054
	158.82
	0.028
	90.32

	BA                    25 
	0.091
	189.58
	0.066
	113.79
	0.025
	64.10
	0.122
	329.73
	0.088
	258.82
	0.033
	106.45

	NAA                 10 
	0.155
	322.92
	0.062
	106.90
	0.043
	110.26
	0.123
	332.43
	0.064
	188.32
	0.043
	138.71

	NAA                50 
	0.206
	429.17
	0.056
	96.55
	0.042
	107.67
	0.190
	513.51
	0.165
	485.29
	0.044
	141.93

	PP333                           1 
	0.108
	225.00
	0.077
	132.76
	 0.097
	248.72
	0.132
	356.76
	0.085
	250.00
	0.052
	167.94

	(B  +  S) 

(50 + 50)              
	0.113
	235.42
	0.072
	124.14
	0.047
	120.51
	0.114
	306.31
	0.074
	217.64
	0.046
	148.38

	BA + (B  +  S) 

  5  +  (50+ 50)    
	0.059
	122.92
	0.051
	87.93
	0.011
	28.20
	0.057
	151.82
	0.29
	95.29
	0.012
	39.70

	NAA + (B + S) 

  10   + (50+50)    
	0.128
	267.36
	0.056
	96.55
	0.053
	135.90
	0.106
	283.98
	0.042
	123.52
	0.043
	138.70

	PP333 + (B + S)

  1     + (50+50)   
	0.129
	266.67
	0.055
	94.83
	0.036
	92.31
	0.140
	375.04
	0.051
	150.00
	0.039
	125.80

	BA + NAA + (B+S) 

5 + 10  (50+50)   
	0.072
	150.00
	0.037
	63.79
	0.023
	58.97
	0.056
	150.92
	0.027
	79.41
	0.017
	54.83

	Control
	0.048
	100.00
	0.058
	100.00
	0.039
	10.00
	0.037
	100.00
	0.034
	100.00
	0.031
	100.00

	L.S.d.
	0.05
	0.0005
	1.45
	0.002
	3.81
	0.0018
	4.65
	0.0005
	3.67
	0.003
	12.80
	0.0006
	23.06

	
	0.01
	0.0008
	2.00
	0.003
	5.25
	0.0025
	6.40
	0.0008
	4.13
	0.005
	17.63
	0.0008
	31.71


R. = Relative 

Table (6): Effect of different applied treatments on photosynthetic pigments content of black cumin (Nigella sativa L.) plants at vegetative growth stage (i.e., 66 days of plant age) after sowing during 2003 and 2004 seasons.

	Characters
	Chlorophyll (mg/g)
	Carotenoids (mg/g)
	Total pigments  (mg/g f.w) 
	% Relative to the control of total pigments

	Seasons
	(a)
	(b)
	(a + b) 
	
	
	

	   Sample 

Treatments  

(ppm)
	2003
	2004
	2003
	2004
	2003
	2004
	2003
	2004
	2003
	2004
	2003
	2004

	Boron               50 
	2.00
	2.01
	0.68
	0.81
	2.68
	2.82
	0.68
	0.59
	3.36
	3.41
	148.02
	131.66

	Boron             250 
	2.01
	2.03
	0.60
	0.81
	2.61
	2.84
	1.05
	0.55
	3.66
	3.39
	161.23
	130.89

	Sulphur            50 
	1.12
	1.20
	0.91
	0.89
	2.03
	2.09
	0.72
	0.63
	2.75
	2.72
	121.14
	105.02

	Sulphur         250 
	1.01
	1.13
	0.76
	0.90
	1.77
	2.03
	1.08
	0.62
	2.85
	2.65
	125.55
	102.32

	K                    100 
	1.20
	1.88
	0.78
	0.62
	1.98
	2.50
	1.55
	1.05
	3.53
	3.55
	155.51
	137.06

	K                    500 
	0.93
	1.06
	0.65
	0.75
	1.58
	1.81
	1.05
	0.63
	2.63
	2.44
	115.86
	94.21

	BA                     5 
	1.10
	2.11
	0.70
	0.85
	1.80
	2.96
	1.20
	0.62
	3.00
	3.58
	132.16
	138.22

	BA                    25 
	1.09
	2.06
	0.60
	0.80
	1.69
	2.86
	0.98
	0.63
	2.67
	3.49
	117.62
	134.75

	NAA                 10 
	0.85
	1.79
	0.80
	0.63
	1.65
	2.42
	0.67
	0.62
	2.32
	3.04
	102.20
	117.37

	NAA                50 
	1.06
	2.12
	0.60
	0.85
	1.66
	2.97
	0.76
	0.75
	2.42
	3.72
	106.61
	143.63

	PP333                           1 
	0.93
	1.98
	0.65
	0.68
	1.58
	2.66
	0.96
	0.70
	2.54
	3.36
	111.89
	129.73

	(B  +  S) 

(50 + 50)              
	0.93
	1.79
	0.63
	0.54
	1.56
	2.33
	0.97
	0.65
	2.53
	2.98
	111.45
	115.06

	BA + (B  +  S) 

  5  +  (50+ 50)   
	2.21
	2.17
	0.70
	0.72
	2.91
	2.89
	0.98
	1.68
	3.89
	4.57
	171.36
	176.45

	NAA + (B + S) 

  10   + (50+50)   
	0.86
	1.78
	0.56
	0.52
	1.42
	2.30
	0.89
	0.80
	2.31
	3.10
	101.76
	119.69

	PP333 + (B + S)

  1     + (50+50)  
	1.95
	1.97
	0.69
	0.87
	2.64
	2.84
	1.02
	0.78
	3.66
	3.62
	161.23
	139.77

	BA + NAA + (B+S) 

5 + 10  (50+50)   
	1.04
	1.92
	0.85
	0.77
	1.89
	2.69
	1.22
	0.66
	3.11
	3.35
	137.00
	129.34

	Control
	0.84
	1.03
	0.47
	0.94
	1.31
	1.97
	0.96
	0.62
	2.27
	2.59
	100.00
	100.00


f.w. = fresh weight

Table (7): Effect of different applied treatments on histological features of roots of black cumin (Nigella sativa L.) plants at 66 days of plant age during 2004 season.

	Characters 

Treatments 

(ppm)


	Root diameter
	Thickness of epidermal cell
	Thickness of cortex
	Thickness of endodermix layer
	Thickness of preicycle layer
	Diameter of vascular cylinder
	Thickness of phloem tissue
	Thickness of secondary xylem
	No. of secondary xylem vessels
	Width of the largest xylem vessel

	
	(
	R. to the control %
	(
	R. to the control %
	(
	R. to the control %
	(
	R. to the control %
	(
	R. to the control %
	(
	R. to the control %
	(
	R. to the control %
	(
	R. to the control %
	No.
	R. to the control %
	(
	R. to the control %

	Boron          50 
	1442.70
	115.74
	36.00
	105.26
	59.40
	82.50
	23.40
	56.52
	20.70
	88.46
	1251.90
	121.06
	117.90
	201.54
	557.10
	162.89
	360.00
	183.67
	60.30
	77.01

	Sulphur      50 
	1972.20
	155.81
	37.80
	110.53
	211.50
	293.75
	34.20
	82.61
	27.00
	115.38
	1443.60
	139.60
	124.20
	212.31
	234.60
	68.60
	228.00
	116.33
	60.75
	77.59

	K               100 
	2269.80
	182.09
	36.90
	107.89
	324.90
	451.25
	49.50
	119.57
	36.00
	153.84
	1546.20
	149.52
	126.00
	215.38
	606.60
	177.37
	328.00
	167.35
	77.40
	98.85

	BA                5 
	1963.00
	157.48
	55.10
	161.11
	239.40
	332.50
	51.40
	124.15
	31.00
	132.48
	1374.00
	132.87
	179.20
	306.32
	512.10
	149.74
	264.00
	134.69
	65.70
	83.91

	NAA           10 
	2045.70
	164.11
	38.70
	113.16
	312.75
	434.38
	40.50
	97.82
	36.00
	153.85
	1342.80
	129.85
	135.00
	230.77
	484.20
	141.58
	254.00
	129.59
	84.60
	108.05

	PP333                   1 
	1949.30
	156.38
	61.50
	179.82
	309.40
	429.72
	38.70
	93.48
	26.10
	111.54
	1269.00
	125.33
	118.35
	202.31
	427.05
	124.87
	196.00
	100.00
	83.20
	106.26

	(B  +  S) 

(50 + 50)           
	2079.70
	166.84
	40.50
	118.42
	315.80
	438.61
	50.40
	121.74
	36.90
	157.69
	1407.60
	136.12
	101.70
	173.85
	516.60
	151.05
	344.00
	175.51
	68.40
	87.36

	BA + (B  +  S) 

  5  +  (50+ 50)  
	1760.40
	141.23
	43.20
	126.32
	271.80
	377.50
	37.80
	91.30
	28.80
	123.08
	1173.60
	113.49
	136.80
	233.85
	377.10
	110.26
	360.00
	183.67
	55.80
	71.26

	NAA + (B + S) 

  10  + (50+50)  
	1439.10
	115.45
	41.40
	121.05
	125.10
	173.75
	44.55
	107.61
	38.80
	165.81
	1147.50
	110.97
	100.80
	172.31
	401.40
	117.37
	174.00
	88.78
	53.10
	67.82

	PP333 + (B + S)

  1    + (50+50)  
	2006.40
	160.96
	56.90
	166.37
	244.90
	340.13
	53.75
	129.83
	38.80
	165.81
	1459.70
	141.16
	114.30
	195.38
	377.10
	110.26
	320.00
	163.27
	69.30
	88.51

	BA + NAA + (B+S) 

5+ 10 (50+50)   
	1975.50
	158.48
	56.10
	164.03
	308.00
	427.78
	50.78
	122.66
	58.15
	248.50
	1371.90
	132.67
	171.10
	292.48
	487.80
	142.63
	208.00
	106.12
	72.90
	93.10

	Control
	1246.50
	100.00
	34.20
	100.00
	72.00
	100.00
	41.40
	100.00
	23.40
	100.00
	1034.10
	100.00
	58.50
	100.00
	342.00
	100.00
	196.00
	100.00
	78.30
	100.00


R. = relative





No.= number

Table (8): Effect of different applied treatments on histological features of black cumin (Nigella sativa L.) stem at 66 days of plant age during 2004 season.

	Characters

(microns)

Treatments 

(ppm)
	Stem diameter
	Diameter of hollow pith
	Thickness of stem wall
	Thickness of
	Thickness of cortex
	Thickness of Parenchymatous pith
	No. of vascular bundles
	No. of large vascular bundles

	
	(
	R. to the control%
	(
	R. to the control%
	(
	R. to the control%
	Epidermal cuticle
	Epidermal  cell
	(
	R. to the control%
	(
	R. to the control %
	No.
	R. to the control%
	No.
	R. to the control%

	
	
	
	
	
	
	
	(
	R. to the control %
	(
	R. to the control%
	
	
	
	
	
	
	
	

	Boron          50 
	3117.66
	125.38
	729.90
	100.87
	1593.88
	132.76
	10.80
	70.59
	27.00
	81.08
	62.55
	102.21
	1493.53
	136.902
	31
	129.17
	17
	113.33

	Sulphur      50 
	3385.86
	108.35
	696.66
	96.28
	1344.60
	112.00
	15.30
	100.00
	18.90
	56.76
	52.65
	86.03
	1257.75
	115.30
	25
	104.17
	16
	106.67

	K               100 
	3200.80
	102.43
	664.20
	91.79
	1268.30
	105.64
	9.90
	64.71
	29.70
	89.19
	54.00
	88.24
	1174.70
	107.69
	24
	100.00
	16
	106.67

	BA                5 
	3728.86
	119.33
	953.60
	131.78
	1387.60
	115.58
	24.40
	159.48
	36.10
	108.41
	78.60
	128.43
	1248.50
	114.46
	26
	108.33
	18
	120.00

	NAA           10 
	3486.60
	111.58
	732.60
	101.24
	1377.00
	114.69
	12.15
	79.41
	29.70
	89.19
	71.10
	116.18
	1264.05
	115.88
	21
	87.50
	15
	100.00

	PP333                   1 
	4004.20
	128.14
	859.60
	118.79
	1572.30
	130.96
	10.80
	70.59
	28.80
	86.49
	61.20
	100.00
	1471.50
	134.90
	17
	70.83
	12
	80.00

	(B  +  S) 

(50 + 50)            
	3511.30
	112.24
	749.70
	103.61
	1380.80
	115.01
	14.40
	94.12
	26.55
	79.73
	63.90
	104.41
	1275.95
	116.97
	28
	116.67
	16
	106.67

	BA + (B  +  S) 

  5  +  (50+ 50)   
	4024.35
	128.79
	891.45
	123.20
	1566.45
	130.47
	11.70
	76.47
	25.20
	75.68
	57.60
	94.12
	1471.95
	134.94
	25
	104.17
	14
	93.33

	NAA + (B + S) 

  10   + (50+50)  
	4032.00
	129.03
	633.60
	87.57
	1699.20
	141.53
	11.70
	76.47
	40.05
	120.27
	37.80
	61.77
	1609.65
	147.57
	29
	120.83
	14
	93.33

	PP333 + (B + S)

  1     + (50+50)  
	4370.40
	139.86
	633.60
	87.57
	1868.40
	155.62
	10.80
	70.59
	30.60
	91.89
	62.10
	101.47
	1764.90
	161.80
	29
	120.83
	19
	118.75

	BA + NAA + (B+S) 

5 + 10  (50+50)  
	4482.90
	143.46
	670.50
	92.67
	1906.20
	158.77
	10.80
	70.59
	26.10
	78.38
	48.60
	79.41
	1820.70
	166.91
	24
	100.00
	17
	126.67

	Control 
	3124.80
	100.00
	723.60
	100.00
	1200.60
	100.00
	15.30
	100.00
	33.30
	100.00
	61.20
	100.00
	1090.80
	100.00
	24
	100.00
	15
	100.00


R. = relative





Table (8) Cont.
	Characters

(microns)

Treatments 

(ppm)
	No. of small vascular bundlers
	Length of large vascular bundle
	Thickness of vascular bundles fiberous layers
	Thickness of phloem tissue
	Thickness of cambium tissue
	Thickness of xylem tissue
	No. of xylem vessels / bundle
	Wall thickness largest xylem vessels
	Width of largest xylem vessel

	
	No.
	R. to the control%
	(
	R. to the control%
	(
	R. to the control%
	(

	R. to the control%
	(

	R. to the control%
	(
	R. to the control%
	No.
	R. to the control%
	(
	R. to the control%
	(
	R. to the control%

	Boron          50 
	14
	155.56
	513.90
	102.25
	113.40
	109.57
	114.75
	155.49
	63.45
	170.11
	222.30
	77.19
	8.50
	85.00
	10.80
	77.42
	40.50
	81.82

	Sulphur      50 
	9
	100.00
	435.80
	86.70
	104.85
	101.30
	85.05
	115.24
	37.55
	100.67
	208.35
	72.34
	6.50
	65.00
	9.90
	70.97
	44.55
	90.00

	K               100 
	8
	88.89
	424.35
	84.43
	102.60
	99.13
	74.25
	100.61
	30.15
	80.83
	217.35
	75.47
	8.00
	80.00
	8.55
	61.29
	43.65
	88.18

	BA                5 
	8
	88.89
	404.30
	80.44
	98.10
	94.78
	72.90
	98.78
	33.50
	89.81
	199.80
	69.38
	8.00
	80.00
	9.90
	70.97
	45.00
	90.91

	NAA           10 
	6
	66.67
	420.30
	84.42
	94.50
	91.30
	90.90
	123.17
	40.50
	108.58
	194.40
	67.50
	7.33
	73.30
	11.55
	82.80
	50.40
	101.82

	PP333                   1 
	5
	55.56
	470.80
	87.70
	96.30
	93.04
	81.00
	109.76
	48.40
	129.76
	215.10
	74.69
	5.50
	55.0
	8.10
	58.06
	56.70
	114.55

	(B  +  S) 

(50 + 50)            
	12
	133.33
	490.50
	79.59
	100.20
	96.81
	81.90
	110.98
	44.25
	118.63
	264.15
	91.72
	12.00
	120.00
	11.25
	80.65
	40.05
	80.91

	BA + (B  +  S) 

  5  +  (50+ 50)   
	11
	122.22
	452.30
	90.00
	126.00
	121.74
	57.60
	78.05
	31.10
	83.38
	237.60
	82.50
	9.50
	95.00
	15.30
	109.68
	48.60
	98.18

	NAA + (B + S) 

  10   + (50+50)  
	15
	166.67
	487.80
	97.05
	94.50
	91.30
	68.20
	92.41
	44.30
	118.77
	280.80
	97.50
	8.33
	83.30
	12.60
	90.32
	66.60
	134.55

	PP333 + (B + S)

  1     + (50+50)  
	10
	11.11
	456.20
	90.77
	102.66
	99.19
	89.10
	120.73
	45.74
	122.63
	218.70
	75.94
	7.67
	76.70
	13.50
	96.77
	56.70
	114.55

	BA + NAA + (B+S) 

5 + 10  (50+50)  
	7
	77.78
	486.50
	96.80
	128.70
	124.35
	72.00
	97.56
	46.40
	124.40
	239.40
	83.13
	9.00
	90.00
	12.60
	90.32
	50.40
	101.82

	Control 
	9
	100.00
	502.60
	100.00
	103.50
	100.00
	73.80
	100.00
	37.30
	100.00
	288.00
	100.00
	10.00
	100.00
	13.95
	100.00
	49.50
	100.00


R = relative






No= number
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