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ABSTRACT

This work was carried out at the Experimental Farm of Fac. of
Agriculture at Moshtohor, Benha Univ. for two successive seasons (2003/2004
and 2004/2005). It aimed to study the effect of foliar spray with some nutrient
elements (calcium, sulfur, and magnesium) at the rate of 200ppm plus control
combined with urea at rates of 0.0, 0.5, 1.0 and 1.5% on vegetative growth, seed
yield and chemical composition of Nigella sativa plants. A split plot design with
three replications was used. Urea levels occupied in the main plots and those
caicium, sulfur, and magnesinm plus control were allocated at random in the sub
plots. Plant growth parameters such as plant height, number of branches, fresh
and dry weights of herb/plant, seed yield/plant and per feddan were recorded and
seed quality was estimated by measuring volatife and fixed oils percentage as
well as the main components of the volatile oil. Herb was chemically analyzed to
determine N,P,K and total carbohydratcs percentages. The obtained results
showed that foliar spraying of Nigella sativa plants with cach of urea or calcium,
sulfur and magnesium elements increased the different parameters such as plant
height, fresh and dry weights of herb/plant, number of capsules, seed yield/plant
or per feddan and also increased each of volatile or fixed oils percentage in plant
sceds as well as N,P.K and total carbohydrates percentages in plant herb
cempared with control treatment in both seasons. Also, all interaction treatments
between the different levels of urea and each of calcium, sulfur or magnesium
elements attained significant increase in growth and seed yield characters and also
caused a relative increase in seeds content of volatile and fixed oils percentage as
well as NJP.K and total carbohydrates percentage in plant herb compared with
control treatment. The highest values of seed yield/plant orffeddan as well as
volatile and fixed oil percentages were resulted from the application of urea at the
rate of 1.5% + Mg at the rate of 200 ppm.

The G.L.C. determination revealed the presence each of oc, and } pinene,
limonene, borneol and the thymoquinone compounds of volatile oil of seeds.
Spraying plants with Mg + urea at the rate of 0.5% gave the highest value of
thymoquinone compound in the volatile oil compared with all other treatments.
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. It was recommended to supply ngella sativa plants with urea at the rate
of 1.5% plus Mg at the rate of 200 ppm in order to maximize vegetative growth
and both seed yield and oil production.

Key words: Nigella sativa, Black cumin, G.L.C., Volatile oil, Fixed oil.
Thymoquinone, «c-Pinene and d-Limonene.

INTRODUCTION

Black cumin, (Migella sativa L.} plant is onc of the most important
medicinal plants which belongs to family Ranunculaceae. It is native to some
parts of Mediterrancan Sea region and is considered as a member of the drug and
condiment crops. The seeds are widely used as spice in cooking, pickling baking
purposes for flavouring nature, and also they are edibly as a nutritive factor. They
are medicinally used as carminative, stomaching and diuretic. The expressed oil
had been used for treatments of asthmac (Muschier, 1912). The seeds oil or
powdered sceds are used as antinflammatory (Al-Okbisy ef al., 1997 and
Bhatnagar, 1996), antibacterial (Tesaki ef al., 1998), antifertility. anticancer and
cardiovascular activities (Siddiqui and Sharma, 1996).

Gelani ef al. (2001) indicated that the crude extract of N. sativa seeds
exhibits spasmolytic and bronchodilator activities and usefutness for diarrhea and
athma in traditional medicine.

Morikawa ef al. (2004) reported that nigellamines were isolated from the
seeds of N. sativa decreased triglyceride levels, the arterial blood pressurc, blood
glucose and cholesterol levels.

El-Malt et al. (1998) reported that the analysis of Nigella sativa L. seeds
showed that they are rich in fat (38.78%), protein (26.25%) and carbohydrates
(24.0%).

The volatile oil which contained thymoquinone, and carvacrol, t-
anethole and 4-terpeneol- demonstrated respectable radical scavening property.
Thes¢ four constituents and essential oil possessed variable antioxidant activity
(Burits and Bucar, 2000)

Mineral nutrients not only have major effecis upon flower formation,
seed development and yicld responses, but also required for chloroplast formation
and sink Hmitations (Tcrashima and Evans, 1988 and Gerendas and Sattelmacher,
1990). Furthermore, foliar spray of mineral nutrienis represents the more quick
and efficient method in many cases for supply of these elements (Marschner.
1995 and Bastawisy and Sorial, 1998).

Baier and Baierova (1999) mentioned that the increased nutrients upiake
through roots after foliar fertilization has been proved in the majority of field
crops and this fact can explain even often-unexpected yield grains being
confronted with a small amount of nutrients applied in the farm of spraying.
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Many investigations were carried out dealing with N fertilization and its
effect on growth and yield of medicinal and aromatic plants (Hussein and Abou
El-Magd, 1991; Khan ef al., 1992, Abou-Hadid ef al., 1993; Omer et al., 1995
and Adam, 2002).

Meanwhile few reports are found in the literature dealing with the effect
of some macronutrients applied singly to this plants. Dayanand et al. (1999) on
Trigonella foenum-graecum L:. found that plant height, number of branches, dry
matter/plant, seed yield and active ingredients were significantly increased by
using sulfur. In addition, increasing sutfur application from 0 up to 450 kg/fed.
increased onion plant growth mineral uptake, yield and bulb quality (El-Desuki
and Sawan, 2001).

Aly and Ismail (2000) mentioned that guava fruits from trees treated
with either CaCl, were firmer and had higher acid %, TSS%, vitamin C (mg/100
ml juice) and insoluble pectin contents than control fruits.

This work aimed to improve the average yield and quality of Nigella
sativa plants by using foliar application with some nutrient elements (Ca, S, Mg
and urea).

MATERIALS AND METHODS

This study was conducted on Nigella sativa L. plants during two
successive seasons 2003/2004 and 2004/2005 at the Experimental Farm at
Moshtohor, Benha University, to investigate the effects of calcium, sulfur,
magnesium at the rate of 200 ppm plus control and combined with four levels of
urea at rates of 0.0, 0.5, 1.0 and 1.5% on growth, yield and chemical composition.

Seeds of Nigella sativa L. were obtained from the Medicinal and
Aromatic Plants Research Section of the Ministry of Agnculmral at El Kanalcr
El-Khairia Experiment Station. The seeds were sown in rows on 15% of
November for the two seasons. Space between rows was 50 cm and the distance
between hills in rows was 30cm. The seeds were sown as four to six per hill,
Plants were thinned to two plants per hill after forty days from sowing the seeds.

Treatments were performed in a split plot design with three replicates,
where urea fertilization rates were assigned for the main plot (A) and Ca, S and
Mg fertilization for the sub-plot (B). Each replicate contained 30 hills (60 plants)..

Urea was sprayed on the plants after 60, 75 and 90 day from sowing,
respectively. While each of Ca, S and Mg was sprayed on the plants afier 70, 85
axi 100 days from sowing the sceds, respectively. The plants were sprayed till
run off. The control plants were sprayed with a tap water. All other agricultural
practices required for treated plants were performed whenever needed.

All experimental unit (area) received organic fertilization at the rate of 2
ton/fed. of a manufactured compost.
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At harvesting time, the following data were recorded, plant height, (cm),
number of branches/plant, fresh and dry weights of herb and seed yield/plant (g)
as well as per feddan (kg).

Volatile and fixed oils in the seeds were extracted by the method of Gad
ef al. (1963) and A.Q.C.S. (1970). The volatile oil of the second season (mixed
oil of replicates per treatment) was subjected to analysis by G.L.C. technique in
the Central Laboratory of Fac. Agric., Cairo, Univ..

The total carbohydrates percentage was determined in the herb at the
flowering stage according to Herbert ef al. (1971).

The N,P and K percentages in the dry herb were also determined at
flowering stage according to Wilde ef al. (1985).

Data recorded in both seasons were subjected to analysis of variance
according to Smedecor and Cochran (1989) and L.S.D. method was used to
compare the different means of treatments.

The chemical analysis of the used soil was shown in Table (1).
~ Second

2004/2005

Clay

47.6

29.5

21.6

249

2.60

3.43

s

184.8

5.11

2.53

3.08

18.29

1.10

7.50

13.15

1.88

1.82

780
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RESULTS AND DISCUSSION

1- Effect of different nutrient treatments on growth characters:

Data illustrated in Tables (2 and 3) showed that, foliar spraying of urea
at different levels or different nutrient elements as Ca, S and Mg at 200 ppm for
each increased plant height and number of branches/plant compared with control
treatment in both scasons. Also combining levels of urea with any nutrient
clement increased each of plant height and branches number/plant compared with
untreated plants in both seasons. The highest value of mean branches number per
plant in both seasons was attained by spraying Nigella sativa plants with urea at
the rate of 1.0% + S at the rate of 200ppm, this treatment gave 56.25 and 52.94%
over control plants in the first and second seasons, respectively. The relation
between plant height and number of branches/ptant of different medicinal and
aromatic plants to the response of different nutricnt elements was reported by
Dayanand ef al. (1999) on Trigonella foenum graecum, Golcz et al. (1977) on
Origanum majoranum, and Magnifico ef al. (1998) on fennel.

It is also obvious from data listed in Tables (4 and 5) that fresh and dry
weights/plant of black cumin plants sprayed with the different nutrient elements
exceeded those of the contrel plants. The increase was parallel to the increase in
the applied rate of urea, furthermore the applied different nutrient elements also
increased the fresh and dry weights characters compared to the control plants.
Significant differencecs were obtained in most cases in this respect that could
show that combining any level of urea with any element was more affective than
spraying with any element alone. The most effective treatment in the first season
was the application of the highest rate of urea (1.5%) plus Mg at the rate of 200
ppm, this treatment attained 61.67 or 63.89% over control plants for the fresh or
dry weight respectively. In the second scason, similar observations were reported.

It can be concluded that foliar spraying with nutrient elements increased
all growth characters i.e plant height, number of branches and fresh and dry
weights of herb/plant over control plants in both scasons with significant
differences in most cases. Such increase in the growth characters might be due to
that foliar fertilization might play an active role in initiating and development of
the new cells and participating in the growth and enlargement of those cells
and/or organs, consequently the increase in plant height. Furthermore, fertilizer
treatments might stimulate the growth, beside the effect on activating the
metabolic activities in plants resulting in heavier weight of herb per plant.
Moreover, nitregen in its combination with nutrient elements, might cause
removing of the apical dominance, resulting in more branching per plant. Similar
results were obtained by Golcz ef al. (1977) on Origanum majoranum, Magnifico
et al. (1998) on fennel and Singh and Singh (1999) on Nigella sativa. In this
respect, urea may improve the permeability of the cuticle and thus favours
diffusion conditions as well as urca as a nitrogen source for spraying the foliage
of crop plants is characterized by high percentage of nitrogen, high water
solubility and it less toxicity to plants. Furthermore, urea spray enhanced the
protein biosynthesis in the leaves which may increase the stability of the
photosynthetic apparatus and in turn enhance its activity (Moursi ef al., 1979).
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Also Dayanand et al. (1999) on Trigonella foenum-graecum L. found that, growth
characters in terms of plant height, number of branches, dry matter/plant, seed
yield and active ingredients were significantly increased by using sulfur. For
Magnesium it is found abundantly in leaves as an atom of Mg is contained by
each molecule of chlorophyll and other plant pigments such as xanthophylls and
carotenoids. Some Mg is also present in protoplasm in a combined from, while
over 70% of the plant Mg is in cell sap are free or combined as inorganic and
organic salts (Mengel & Kirkby 1978). They also mentioned that, magnesium
plays an important role as an activator of several enzymes, involved in synthesis
of nucleic acids, essential for the formation of oils and fats and is associated with
the transportation of P within the plant. Mg is also related to the movement of
carbohydrates from the leaves to the siems.

2- Effect of different nutrient treatments on yield of Nigella sativa plants:

Data in Tables (6 & 7) showed that, the capsules number and weight of
seeds/plant were highly significant increased as a resmlt of spraying urea, Ca, S
and Mg separately or in combinations. The highest values for capsules number
and weight of seeds/plant were obtained as a result of using Mg combined with
urea at rate of 1.0 or 1.5% treatment in two seasons. This could be attributed to
the favourable effect of these clements on the photosynthetic activity of the leaves
which might account much for high accumulation of metabolites in the
reproductive organs, In this respect Khan and Sagar (1967) mentioned that fruit
yield per plant, is mainly dependent on phytohormones activity and probably also
on nutrition in a more indirect way. Alsc Froster (1973) stated that, the filling
process and also the number of fruits per plant depend on the nutritional status of
the plant. Morcover, Ashoub ef al. (2004) on sunflower mentioned that there was
a positive and near perfect correlation between seed yield and each of biological
yield or ¢il yicld at any regime of magnesium sulphate fertilization.

As for sced yield/feddan data in Table (8) reveal that the application of
urea at different rates or any nutrient elements at the rate of 200ppm to Nigella
sativa plants alone or in combinations resulted in significant increases in seed
yield/feddan compared with control plants. The most effective treatment for this
character was the highest rate of urea combined with Mg at the rate of 200ppm
which increased seed weight/fed. over the control plants by 95.48 and 85.73% in

-the first and second scasons respectively. In this respect, Singh and Singh (1999)
found that, the application of N fertilizer increased seed yield of Nigella sativa L.
They recommended 60 kg/ha of N fertilizer, for this crop. Also, Wanas (2002) on
Vicia faba found that Mg was more effective for increasing pod and seed
yields/plant as well as the sced index compared with the control plants. This
might be due to the favourable effect of these nutrients on photosynthetic activity
of leaves which improves the mobilization of photosynthetic materials, having
through and direct impact capsule weight and increased weight of seeds (Bottril ef
al., 1970).



Table (2): Effect of foliar application with Ca, S, Mg and urea on plant height (cm) of Nigella sativa, L during the two scasons

of 2003/2004 and 2004/2005.
Treatments First season Second season
Urea (%) A
B Nut, 0.0 0.5 1.0 L5 Mean 0.0 0.5 1.0 1.5 Mean
elements (ppm
Control 44.0 51.5 54.5 56.5 51.63 47.5 51.0 55.0 58.0 52,88
Ca 200 45.5 535 59.5 60.0 54.63 50.0 56.0 64.0 61.0 57.75
S 200 490 55.5 60.0 60.5 56.25 53.0 59.0 68.0 59.0 59.75
Mg 200 50.5 56.5 65.0 60.5 58.13 53.0 59.0 65.0 58.0 58.75
Mean 47.25 54.25 59.75 59.38 50.88 56.25 63.0 59.0
L.S.D. at 5% '
A = Urea levels 2.90 1.93
B = Nutrient clements 1.18 1.22
A x B = Interaction 2.37 2.41

Table (3): Effect of foliar application with Ca, S, Mg and urea on the number of branches/plant of Nigella sativa, L. during the

two seasons of 2003/2004 and 2004/2005.

Trestments

First season Second season
Urea (%) A
§ B Nut 0.0 0.5 1.0 1.5 Mean 0.0 0.5 1.0 1.5 Mean
 elements (ppm )
Control 8.0 9.0 10.0 5.8 9.50 8.5 9.5 110 11.5 10.13
Ca 200 9.0 11.0 12.0 9.5 10.88 2.5 10.5 12.0 12.5 11.13
S 200 8.5 11.0 12.5 10.0 11.00 10.0 11.5 13.0 12.0 11.63
Mg 200 10.0 11.5 12.0 10.5 11.38 10.5 11.5 12.5 11.5 11.50
Mean 8.88 10.63 11.63 9,63 9.63 10,75 12.13 11.88
L.S.D. at 5%
A =TUrea levels 0.76 0.79
B = Nutrient clements 0.43 041
A x B = Interaction 0.85 0.89
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Table (4): Effect of foliar application with Ca, S, Mg and urea on herb fresh weight/plant (g) of Nigella sativa, L. during the

two seasons of 2003/2004 and 2004/2005,
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Treatments First season Second season

Urea (%) A
‘B Nutry 0.0 0.5 1.0 1.5 Mean 0.0 0.5 1.0 LS Mean
clements (ppm
Control 113.5 137.5 150.5 150.5 138.0 117.0 145.0 169.5 170.5 150.5
Ca 200 125.0 149.5 162.0 166.0 150.6 128.0 160.5 184.0 186.5 164.8
S 200 134.5 164.0 176.5 178.5 163.4 151.0 176.0 193.5 204.5 181.3
Mg 200 138.0 166.5 179.0 183.5 166.8 157.5 188.0 203.0 208.5 189.8

Mean 127.8 154.4 167.0 169.6 138.4 i67.4 188.0 192.5
LS.D, at 5%
A =Urea levels 11.42 11.71
B = Nutrient elements 9.68 9.74
A 1 B = Interaction 13.72 13.87

Table (5): Effect of foliar application with Ca, S, Mg and urea on herb dry weight/plant (g) of Nigella sativa, L. during the two
seasons of 2003/2004 and 2004/2005,
Trestments First scason Second season
Trea (%) A

B Nut 0.0 0.5 1.0 1.5 Mean 0.0 0.5 1.0 1.5 Mean
elements (ppm
Control 18.0 22.0 24.0 24.0 22.00 19.0 23.0 270 27.0 24.00
Ca 200 20.0 240 26.0 27.0 24.25 20.0 26.0 30.0 30.5 26.63
S 200 21.0 26.5 28.0 29.0 26.25 24.0 29.0 32,0 33.0 29.50
Mg 260 220 26.5 290 29.5 26.75 25.0 30.0 33.0 33.5 30.38

Mean 20.38 24.75 26.75 27.38 22.0 27.0 30.5 31.0
L.S.D. at 5%
A = Urea levels 235 1.95
B = Nutrient clements 1.08 0.92

A x B = Interaction 2,13 2.06



Table (6): Effect of foliar application with Ca, S, Mg and urea on capsules number/plant of Nigella sativa, L. during the two
seasons of 2003/2004 and 2004/2008,

Treatments First season Second season
Urea (%) A
B Nut 0.0 0.5 1.0 1.5 Mean 0,0 0.5 1.0 1.5 Mean
elements (ppm]
Control 32.0 39.0 41.0 45.5 39.38 36.0 42.0 46.0 49.5 43,38
Ca 200 _ 36.0 44.5 46.0 50.0 44.13 40.0 47.0 51.0 55.0 48.25
S 200 38.5 48.0 52.0 52.0 47,63 41,0 51.5 55.0 56.5 51.0
Mg 200 38.5 50.0 53.0 53.5 48.75 420 53.0 56.0 575 52.13
Mean 36.25 45.38 48.0 50.25 39.75 48.38 520 54.63
L.S.D. at 5%
A = Urea levels 2.88 2.95
B = Nutrient elements 1.58 1.63
A x B = Interaction 311 3.04

Table (7): Effect of foliar application with Ca, S, Mg and urea on seeds weight/plant (g) of Nigella sativa, L. during the two
seasons of 2003/2004 and 2004/2008.

Treatments First season

Second season
Urea (%) A
B Nut 0.0 0.5 1.0 1.5 Mean 0.0 0.5 1.0 1.5 Mean
clements (ppm :
Control 6.86 9.04 11.01 10.13 9.26 7.50 9.61 10.53 11.52 9.7%
Ca 200 7.93 9.55 12,33 11.33 10.29 8.60 10.87 12.15 12.89 11.13
S 200 8.30 10.41 12.70 12.77 11.05 8.88 11.65 13.08 11.68 11.82
Mg 200 8.42 10.79 13.41 12,98 11.40 938 12.29 13.56 13.93 12,29
. Mean 7.88 9.95 12.36 11.80 8.59 11.12 12.33 13.00
L.S.D. at 5%
A = Urea levels 1.31 1.55
B = Nutrient elements 0.68 0.69
A x B = Interaction 1.33

1.38
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3- Effect of differeat nutrient treatments on oils productivity of Nigella sativa
plants:
a- Volatile oil percentage:

Data recorded in Table (9) showed that, volatile oil percentage of black
cumin seeds was increased in both seasons due to spraying the plants with any
level of urca. The high level of this treatment, (1.5%) was the most affect than
low and medium levels or control treatment as attained 6.33 and 7.41% over
control plants in the first and second seasons, respectively.

Also, Table (9), revealed that foliar spraying with Ca, S and Mg
elements separately or combined with any level of urea caused a significant
increase in volatile oil percentage compared with control plants in both seasons
except for the case of Ca foliar application for two seasons which slightly
increased volatile oil percentage over control treatment. It is clear from the
obtained results that the highest rate of urea combined with Mg at the rate of
200ppm gave the best results for the volatile oil percentage, this treatment
resulted 18.99 and 17.28% over control plants in the first and second scasons,

respectively.

_b- Fixed oil percentage:

Data in Table (10) revealed that treating the Nigella sativa plants with
any level of urea or Ca, S and Mg alone or in combination had significant cffects
on fixed oil percentage compared with control treatment. The highest value for
this character was obtained from spraying black cumin plants with mixture of
urea at the rate of 1.5% + Mg at the rate of 200ppm which caused the most
appreciable increase of 34.63 and 30.70% over control plants in the first and
second scasons, respectively. These results are in line with those of vegetative
growth and sced yield since the chemical N fertilizer induced rapidly plant
growth which Ied to more metabolitics accumnlation involving *synthesizing of
more secondary products as volatile or fixed oil. The effect of application of
nutrient elements on oil percentage and production of different aromatic plants
was stated by several workers. Mengel & Kirkby 1978, Dayanand ef al. (1999) on
Trigonella foenum-graecum, and Ahsoub et of. (2004) on sunflower who
mentioned that there was a positive and near-perfect correlation between seed
yield and each of biological yield or oil yield. Also between biological yield and
each of straw yield or oil yicld at any regime of magnesium sulphate fertilization.

4- Effect of nutrient elements treatments on total carbohydrates % of Nigella
sativa piants:

Illustrated data in Table (11) showed that, the total carbohydrates
percentage in plant herb was increased by spraying the Nigella sativa plants with
different nutrient efements comparedd with control plants in both seasons. In this
respect the interaction treatments between high level of urea (1.5%) with any
clement (Ca, § and Mg) were the most cffective compared with all other
treatments. The highest value for total carbohydrates percentage were obtained by
using high level of urea combined with Mg treatment, this treatment produced
28.35 and 31.05% over control treatment in the first and second seasons
respectively.



Table (8): Effect of foliar application with Ca, S, Mg and urea on seeds weight/fed@an (kg) of Nigellz sativa, L. during the two

seasons of 2003/2004 and 2004/2005,

Treatments First season Second season
Urea (%) A
B Nutn 0.0 4.5 1.0 1.5 Mean 0.0 0.5 1.0 i.5 Mean
elements (ppm
Control 2744 361.6 440.4 405.2 370.4 300.0 384.4 421.2 460.8 391.6
Ca 200 317.2 382.0 493.2 453.2 411.4 344.0 434.8 4860 515.6 445.1
S 200 332.0 416.4 508.0 510.8 441.8 355.2 466.0 523.2 5472 472.9
Mg 200 336.8 431.6 536.4 536.4 460.3 375.2 491.6 542.4 557.2 491.6
. Mean 315.1 397.9 494.5 476.4 343.6 444.2 493.2 520.2
L.S.D. at 5%
A = Urea levels 483 52.6
B = Nutrient elements 258 272
A x B = Interaction 536 55.3

Table (9): Effect of foliar application with Ca, S, Mg and urea on seeds volatile oil percentage of Nigella sativa, L. during the
two seasons of 2003/2004 and 2004/2005.

Treatments First season Second season
Urea(%) A
B Nut 0.0 0.5 1.0 1.5 Mean 0.0 0.5 1.0 L5 Mean
elements (ppm
Coatrol 0.79 0.82 0.81 0.84 0.82 0.81 0.82 0.86 0.87 0.84
Ca 200 0.81 0.83 0.86 0.86 0.84 0.82 0.83 (.87 0.89 0.85
S 200 0.83 0.85 0.89 (.90 0.87 0.85 0.86 0.88 0.93 0.88
Mg 200 0.84 0.86 0.91 0.94 0.89 0.85 0.86 0.90 0.95 (.89
' Mean 0.82 0.84 0.87 0.89 0.83 0.84 0.88 0.91
L.S.D. at 5%
A = Urea levels 0.07 0.05
B = Nutrient elements 0.04 0.03
A x B = Interaction 0.09

1.08
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Table (10): Effect of foliar application with Ca, S, Mg and urea on fixed oil percentage of Nigella sativa, L. seeds during the
two seasons of 2003/2004 and 2004/2005,

Treatments First season Second season
Urea (%) A
B Nutn 0.0 0.5 1.0 1.5 Mean 0.0 0.5 1.0 1.5 Mean
elements (ppm
Control 21,60 26.00 26.80 27.68 25.52 22.8 25.15 28.15 28.30 26.10
Ca 200 22.31 26,41 27.00 28.15 25.97 23.43 26.12 29.10 28.66 26.83
85200 22,90 | 26.52 27.03 28.50 26.24 23.65 27.15 28.66 23.20 27.17
Mg 200 24.70 27.00 27.56 29.08 27.09 24.19 28.15 29.20 29.80 27.84
Mean 22 88 26.48 27.10 28,35 23.52 26.64 28.78 28.99
L.S.D. at 5%
A = Urea levels 2,18 2.12
B = Nutrient elements 0.35 0.30
A 1 B = Interaction 3.85 378

Table (11): Effect of foliar application with Ca, S, Mg and urea on total carbohydrates percentage in the leaves of Nigella
sativa, L. du the two seasons of 2003/2004 and 2004/2005,

Treatments First season Second season

Urea (%) A
B Nut| 0.0 0.5 1.0 1.5 Mean 0.0 0.5 1.0 1.5 Mean
elements (ppm
Control 22.01 21,33 22.07 23.08 22,12 22.93 22,16 22.%0 23.75 22.94
Ca 200 2418 22.08 24.13 26.38 24.19 25.12 22.90 25.16 27.09 25.07
§ 200 25.04 22.83 25.25 27.14 25.07 25.63 23.40 2552 27.01 25,39
Mg 200 27.16 23.717 25.57 28.25 26.19 28.25 24.38 28.08 30.05 27.69

Mean 24.60 22,50 24,26 26.2] 2548 23.21 25.42 36.98
L.S.D, at 5%
A = Urea levels N.§S N.§
B = Nutrient elements 0.04 0.06

A 1 B = Interaction 0.11 0:14

[4:141
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These results are in agreement with those obtained by Wanas (2002) on
Vicia faba who found that K and Mg werc more effective for increasing pod and
seed yields/plant as well as the seed index compared with the control plants.
Furthermore, sced contents of N,P.K and crude protein, reducing and total sugars
were also increased with different applicd natrients.

5- Effect of different nuiricnt treatments on minerals content of Nigella
sativa plants:

The results in Tables (12, 13 and 14) revealed that, foliar application of
urea at the different levels increased N and P % in the plant leaves compared with
untreated plants in both seasons while the potassium content in plant leaves was
markedly decreased with the application of urea at rates of 1.0 and 1.5%
compared with control plants in both seasons.

Meanwhile, foliar application of Ca, S or Mg at 200 ppm as a nutrient
clement scparately or combined with any level of urea increased N, P and K % in
the leaves. The highest value for N% was attained by using 1.5% urea + 200 ppm
Mg treatment which gave 35.82 and 30.56% over control plants in the first and
second seasons, respectively.

However, the highest value of P% in plant leaves was attained by
treating plants with 1.0% urea + 200 ppm Mg in the first season and 1.0% urea +
200ppm S treatment in the second one.

Table (14) showed that the maximom value of K% was found as a result
of spraying Mg + 0.5% urea in the first scason but in the second season, the
applied !.5% urea combined with 200 ppm of Mg gave the highest concentration
of potassium in the leaves. Similar results were obtained by El-Desuki and Sawan
(2001) on onion and Dayanand et al. (1999) on Trigonella foenum graecum.

El-Desuki and Sawan (2001) showed that the onion plant growth, NPK
uptake, yield and bulb quality were increased with increasing level of NPK
fertitizers, Increasing sulphur application from 0 up to 450 kg S/fed. caused an
increase in growth, mineral uptake, yield and bulb quality.

In general the highest rate of urea (1.5%) + 200ppm of Mg resulted in
better growth, seed yield, volatile oil, fixed oil and NPK contents of Nigella
sativa plants.

6- Volatile oil compesition:

The gas liquid chromatography determination of volatile oil obtained
from the seeds of Nigella sativa L. plants was shown in Table (15) and Figs.
(1:16). The results revealed the presence of each of «,  pinene, limonene,
bomiol and thymoquinone compounds in the volatile oil. Thymoquinone, is an
important bioactive compound, (Mozaffari et al., 2000).



Table (12): Effect of foliar application with Ca, S, Mg and urea on nitrogen percentage in the leaves of Nigella sativa, L. during
the two seasons of 2003/2004 and 2004/200S,

_Treatments Firstseason |  Secondseason
Urea (%) A

1.0 i 1.0 1.5

L.S.D. at 5%

A = Urea levels 0.13 0.14
B = Nutrient clements 0.09 0.11
A x B = Interaction 0.16 1.12

Table (13): Effect of foliar application with Ca, S, Mg and urea on phosphorous percentage in the leaves of Nigella sativa, L.
during the two seasons of 2003/2004 and 2004/2005.

Treatments First season Second season

Urea (%)} A
B Nutri 0.0 0.5 1.0 1.5 Mean 0.0 0.5 1.0 1.5 Mean
elements (ppm
Control 0.264 0.312 0.313 0.307 0.299 0.283 0.322 0.331 0.319 0.314
Ca 200 0.325 0.316 0.318 .320 0.320 0.344 0.329 0.347 0.338 0.340
S200 0.345 0.321 0.327 0.335 0.332 0.345 0.341 0.350 0.341 0.344
Mg 200 0.346 0.342 0.350 0.323 0.340 0.345 0.345 0.342 0.342 0.343

Mean 0.320 0.323 0.327 0.321 0329 0.334 0.343 0.335
LS.D, at 5%
A = Urea levels 0.04 0.05
B = Nutrient elements 0.03 0.03

A 1 B = Interaction 0.07 0.09
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Table (14): Effect of foliar application with Ca, S, Mg and urea on potassium percentage in the leaves of Nigella safiva, L.
during the two seasons of 2003/2004 and 2004/2008.

Trestments First season Second season
rea (%) A
B Nut 0.0 0.5 1.0 15 Mean 0.0 0.5 1.0 1.5 Mean
elements (ppm
ont 2.27 2.30 2.26 2,23 2.27 2.31 2.33 2.25 2.20 2.27
a 359 3.61 3.58 3.57 3.59 3.69 372 | 367 3.61 3.67
2 3.58 3.82 3.79 3.78 3.74 3.76 3.79 3.76 3.80 3.78
3.63 3.84 3.61 3.77 3.71 3.74 3.82 3.80 3.35 3.30
Mean 3.27 3.39 3.31 334 3.38 3 3.37 3.37
L.S.D. at 5%
A = Urea levels 0.08 0.11
B = Nutrient elements 0.03 0.06
A x B = Interaction 0.20 0.21

Table (15): Effect of foliar application with Ca, S, Mg and urea on the identification of constituents of Nigella sativa, L. seeds
volatile oil obtained from G.L.C. chromatograms and calculated as relative percentages in the second season.

Trestments ompmi «-Pinene B-Pinene d.Limonene Borniol Thymogquinone
ontrol 3.4 ﬂl 32.09 1.42 23.01

p] a at rate of 200 8.78 7.86 37.22 2.06 7.

K at ra - . 30,33 379 3,73
Mg at rate of 200 0.36 732 3177 2.47 130
Urea at rate of 0.3 5.83 4.00 13.75 29.02 17

a+ Urea 2.06 3.49 31.66 [ | ]
S ¥ Urea 13.51 - 6.44 2738 4,39 7.6
Mg + Urea - - .87 30 38.3
Urea ﬁ rate of I.UﬂL 6.93 3,78 20,13 9.07 R
Ca +urea 0.75 4,06 30.°7 4.3 9.17
S + Urea 2.93 6.56 4.9 S — B30
Mg ¥ Urea 34 3.89 24,15 7 32,

3| at ra 5 3.00_ 829 31,86 5.93 3.

4 a +ures TI0 4.03 13.82 03 .77
res 3.43 2,67 3.78 268 20,15
16 Mg + Urea 292 2.03 2241 41 22.07
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Data in the same Table reveal that, the application of urea at different
concentrations as well as S and Mg at the rate of 200 ppm decreased the limonene
content of the oil. However, spraying Ca alone and Ca or S combined with urea at
the rate of 1.0% exhibited an opposite trend, as gave a pronounced increase,
reaching 37.22, 36.74 and 44.9%, respectively compared to control plants. It can
be summarized that limonene content in the seeds oil was not affected by the
different rates of urea. These results are in agreement with those obtained with
Kandil (2002). Data demonstrated also that spraying plants with the different
nutrients decreased thymoquinone percentage in volatile oil compared with
control plants. The highest percentage of thymoquinone was obtained from the
plants treated with urea at 0.5 or 1.0% combined with Mg at the rate of 200 ppm,
the thymoquinone values for these treatments were 38.57 and 32.17%, while was
only 23.01% for control treatinent. The data in the same Table (15) and Figs.
(1:16) clear that the bomiol values in volatile oil were more increased by spraying
Nigella sativa plants with urea, Ca, S and Mg as separately or combined, the
highest value for this character was attained by using uwrea at rate (0.5%).

Minerat nutrients not only have major effects upon flower formation and
yield responses but also required for chloroplast formation and sink limitation
{Terashimia and Evans 1988). Foliar spray of mineral nutrients represents the
more quick and cfficient method in many cases for mineral elements supply
(Bastawisy and Sorial 1998). The results are in agreement with thosc obtained by
Atta et al. (1999 who stated that N application little effect on o1l content of sweet
fenne] (var. dulce).
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