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ABSTRACT

A pot experiment was conducted under greenhouse conditions at the experimental farm, Faculty of
Agriculture, Zagazig University, Egypt, during the 2008-2009 winter season to investigate the effect
of different soil moisture contents, nitrogen sources ie. chicken manure (ChM) and ammonium
sulphate (AS) at rates of 0, 60 and 120 mg N kg™ soil, as well as K fertilization (0, 40, 60 and 80 mg K
kg™ soil) and their combinations on the production and quality of black cumin plant (Nigella sativa L.)
grown on a clay soil. All treatments and their interactions had significant effects on the seed yield and
growth characters as well as oil content, protein content and macronutrients content and uptake. The
highest values of seed protein yield, N, P and K-uptake were obtained due to the addition of 120 mg N kg™
as ChM and 80 mg K kg under moisture content of 60% of field capacity (FC). While, the maximum
values of seed yield and oil yield were attained due to application of 120 mg N kg as AS and 80 mg K
kg' as well as 120 mg N kg™ as AS and 60 mg K kg, respectively under moisture content of 60% FC.
The maximum values of 1000-seed weight and protein content were achieved under moisture content of
80% FC due to 120 mg N kg as ChM and 60 mg K kg™ for 1000-seed weight and 120 mg N kg™ as
ChM and 40 mg K kg™’ for protein content, respectively. While, the highest one for each of dry weight
plant’ and straw yield resulted owing to application of 120 mg N kg as ChM and 80 mg K kg under
moisture content of 80% of field capacity (FC) treatment.
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INTRODUCTION bioactive compound of thymoquinone which is
as high as 25% in the seed oil (Pagola et al.,

Nigella sativa L. is a plant of the 2004). I ft:;dltmr:fl. meciilctme, tthe . oil
Ranunculacae family that produces seeds component 0 the seeds Is used fo treat various

diseases. Different types of research indeed
substantiate a wide biological activity of black
cumin oil, the active principle being
thymogquinone (Ragheb et al, 2009). There is

commonly known as black cumin which
considered as unconventional oilseed, contains
proteins, carbohydrates, and fixed oil (84% fatty

acids, including linolenic and oleic) and volatile
oils, alkaloids, saponins, crude fibre, as well as
minerals, such as calcium, iron, sodium and
potassium (Gali-Muhtasib et al., 2006). Black
cumin is one of the most revered medicinal
seeds in history. The popularity of the plant was
highly enhanced by the ideological belief in it as
a cure for multiple diseases. In fact, this plant
has occupied special place for the wide range of
medicinal  value (Ramadan, 2006). The
importance of black cumin is attributed to the
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evidence that the oil fraction of black cumin
seeds has anti-carcinogenic (Swamy and Tan,
2000), anti-inflammatory (Ragheb et al., 2009)
and anti-microbial effects (Landa et al., 2009).

It is accepted that adequate use of chemical
fertilizer improve yield and quality of aromatic
plants. Nitrogen is used in crop cultivation to
enable full exploitation of the genetic potential
of the crop. It is the nutrient that has the largest
effect on plant physiology and is probably the
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single most important limiting nutrient for crop
growth (Oren et al, 2001). However,
agricultural soils are often deficient in N and
hence, to ensure adequate N supply to crops and
prevent nutrient deficiencies, increasingly large
amounts of inorganic N are employed, which
remain unassimilated and result instead, in
toxicity for the plant and soil alike (Shah, 2004 ;
Boraste et al., 2009). It is very important to find
alternative- methods for supplying nutrients to
the growing plant to confront the previous
problems. Nowadays, various researchers
consider the utilization of organic fertilizers as
promising alternative nutrition (Ali and Hassan,
2014).

The effective role of water supply on the
growth and production of several medicinal
plants was observed by many investigators they
found that providing the plants with suitable
water amounts resulted in better growth and
yield than those grown under drought
conditions. Farooq et al. (2009) reported that
reduced water uptake results in a decrease in
tissue water contents and turgor. Therefore,
under drought stress conditions, cell elongation
in plants is inhibited by reduced turgor pressure.
Likewise, drought stress also trims down the
photo-assimilation and metabolites required for
cell division as a consequence, impaired mitosis,
cell elongation and expansion result in reduced
plant height and growth. Similar trends were
also reported by (Bannayan et al., 2008).

The present investigation aimed at assessing
the effect of organic manure and conventional
N- fertilizer or potassium fertilization and their
combinations on growth, yield, chemical
composition and quality of black cumin plants
under two moisture contents of 80 and 60% of
field capacity.

MATERIALS AND METHODS

A pot experiment was conducted under
greenhouse conditions at the experimental farm
Faculty of Agriculture, Zagazig University,
Egypt, during the 2008-2009 season to
investigate the effect of different soil moisture
contents, nitrogen sources and rates as well as K
fertilization and their combinations on the
production of black cumin plant (Nigella sativa

L.) grown on a clay soil collected from El-
Zagazig, El-Sharkia Govermnorate, Egypt.

A representative soil sample (0-30 cm) was
taken before planting to determine physical and
chemical properties. Physical and chemical
properties of the investigated soil are shown in
Table 1.

Closed-bottom plastic pots were filled with 5
kg of crushed air-dried soil. The pots were
arranged in a randomized complete block
design, each treatment was replicated three
times. The design was a factorial randomized
complete block, involving 3 factors; factor A:
soil moisture content (80 and 60 % of field
capacity), factor B: nitrogen source (inorganic
i.e., Ammonium sulphate [AS (206 g N kg") and
organic nitrogen I.e., chicken manure (Ch.M) at
three rates i.e., 0, 60 and 120 mg N kg™ soil] and
Factor C: Potassium fertilizer rate (K was added
as K,80,, 400 g K kg™ at four rates i.c., 0, 40,
60 and 80 mg K kg' soil).The following
treatments were conducted under soil moisture
content levels (60 and 80% of FC "field
capacity".

The applied quantity of the manure was
mixed thoroughly with the soil one month
before planting. The chemical composition of
the (Ch.M) is shown in Table 2. All pots received
P at 13 mg P kg as ordinary super phosphate
(OSP). Tap water was used for irrigation. The
applied fertilizers were mixed thoroughly with the
soil before seedling.

Seeds of black cumin Plant (Nigella sativa
L.) were sown, on November [5, 2008 and the
seedlings were thinned to 5 plants pot”. At the
end of growing season, plants were harvested
and yield and yield attributes (i.e., dry weight,
plant height, main and secondary branches
number, seed and straw yields) and chemical
properties (i.e., nitrogen, phosphorus, potassium
and oil contents) were recorded.

Methods of Analyses
Soil and fertilizer analyses

Top soil samples (0 — 30cm) were collected,
air-dried, crushed and sieved through a 2 mm
sieve and analyzed for soil EC, pH, and
available N, P and K contents according to
methods cited by Black et al. (1965).
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Table 1. Some physical and chemical properties of the investigated soil

Property Value Property Value
Particle size distribution (%) Soluble ions (mmolc L™)
Clay 52.81 Na* 14.7
Silt 13.0 K' 0.17
Fine sand 27.1 Ca™ 5.40
Coarse sand 7.10 Mg™ 6.43
Textﬁral class Clay Ccr 7.92
EC (dSm™) in soil paste 2.67 HCOy 3.08
pH [Soil suspension 1:2.5] 7.88 SO, 15.7
Organic matter (g kg™) 5.11
Available macro and micronutrients (mg kg™ soil)
N P K Fe Mn Zn Cu
53.0 8.42 188 5.96 4.66 2.38 0.52
Critical levels of nutrients in soil (mg kg™ soil) after Page et al. (1982)
Limits N P K Fe Mn Zn
Low <40.0 <5.0 < 85.0 <4.0 <2.0 <1.0
Medium 40 -80 5-10 85-170 4-6 2-5 1-2
High >80.0 >10.0 > 170 >6.0 >5.0 >2.0
Table 2. Some chemical composition of the chicken manure used
Characteristic EC pH C/N Organic Total Total
dSm™ ratio matteff, macronu!}'ients micronutr_ilents
g kg (g8kg?) (mg kg™)
N | K Fe Mn Zn
Value 43 7.1 4.1 230 263 51.1 3,53 192 1.70 043
Plant analyses RESULTS AND DISCUSSION

Representative samples of black cumin seeds
were air dried; oven dried at 70°C, ground and
0.5 g of each sample was acid digested using
H,S04 and HCIO4 mixture to determine N, P
and K using the methods described by Ryan et
al. (1996). Crude protein in black cumin seeds
was calculated by multiplying total N-content by
6.25, Swetal et al. (2012) and Gharby et al.
(2014). Oil content of black cumin seeds was
extracted by using petroleum ether in a soxhelt
system HT apparatus according to the methods
of AOAC (1984).

Effect of Treatments on Yield Attributes
and Yield of Black Cumin

Yield attributes

Some yield attributes of the black cumin
plants are shown in Tables 3 and 4. The nitrogen
sources at different doses and potassium
fertilization under different moisture content
treatments significantly increased the dry weight
plant™, plant height, 1000-seed weight, number-
main branched and number-secondary branches.
This may be due to the essential role of potassium



1006 Mohamed, et al.

Table 3. Effect of nitrogen sources and rates as well as potassium rates on dry weight (g) plant’,
plant height (cm) and 1000-seed weight (g) of black cumin plant under different
moisture contents

Rate of K, mg kg™ (C)

0 40 60 80 Mean 0 490 60 80 Mean 0 40 60 80 Mean

mgN kg'1
(B)

Dry weight (g) plant” Plant height (cm) 1000-seed weight (g)

Moisture contents
FC (%) (A)
N-Source and rates

Non-N 816 9.06 977 922 9.05 31.10 30.70 32.20 31.70 3143 190 1.84 2.08 2.18 2.00
ChM 60 13.14 1536 1644 18.60 15.89 37.80 38.10 38.60 39.00 3838 2.27 229 232 225 228
80 ChM 120 18.75 18.03 19.04 20.11 18.98 3820 38.00 3870 38.70 3840 2.16 226 238 232 228
AS60 1666 17.01 1699 18.00 17.17 3590 36.80 37.20 37.10 36.75 2.15 226 224 224 222
AS120 1945 2000 19.66 19.98 19.78 3830 3840 38.70 38.90 38.58 229 226 232 231 230
Mean 1523 15.89 1638 17.18 16.17 36.26 36.40 37.08 37.08 3670 2.15 2.18 227 226 222
Non-N 866 898 9.16 9.09 897 3220 31.70 31.80 31.30 3175 2.04 218 221 2.16 215
ChM 60 14.15 14.66 16.55 18,01 15.84 38.30 37.80 3840 38.70 3823 2.15 221 224 226 222
60 ChM120 17.02 17.66 18.05 19.04 17.94 39.20 3940 39.20 37.80 3890 2.19 2.23 233 229 226
AS 60 15.82 16.13 1645 17.18 1640 38.40 37.30 3840 3790 38.00 2.12 2.19 231 236 2.25
AS120 18.03 19.07 19.00 1891 18.75 37.50 37.50 38.10 3830 37.85 220 227 227 225 225
Mean 14.74 15.30 15.84 16.45 1558 37.06 36.74 37.18 36.80 3695 2.14 222 227 226 222

Mean of N treatments
Non-N 841 9.02 947 9.16 901 31.65 31.20 32,00 31.50 31.59 197 201 2.15 2.17 207
ChM 60 13.65 1501 165 1831 15.86 37.90 37.95 38.50 38.85 3830 221 225 228 225 225
ChM 120 17.89 17.85 18.55 19.58 1846 38.70 38.70 3895 3825 38.65 2.18 225 235 231 227
AS 60 1624 16,57 16.72 19.59 16.78 37.15 37.05 37.80 37.50 3738 2.14 223 2.28 230 223
AS 120 18.74 19.54 1933 1945 19.26 3790 37.95 3840 38.60 38.21 225 227 230 228 227

Grand Mean 1498 15,60 16.11 16.81 1588 36.66 36.57 37.13 3694 36.83 215 220 227 226 222

LSD00S A 004 AB 0.80 A 009 AB 020 A 0.06 AB 0.14
B 006 AC 007 B 0.14 AC 0.18 B 0.10 AC 0.12
C 005 BC 0.11 C 012 BC 028 C 0.09 BC 020
ABC 0.16 ABC 039 ABC 028

FC: Field capacity; ChM: Chicken manure; AS: Ammonium sulfate

A= moisture content; B= N-sources and rates; C= K-rates
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Table 4. Effect of nitrogen sources and rates as well as potassium rates on number of main and
secondary branches of black cumin plant under different moisture contents

Moisture N-Source Rate of K, mg kg™ (C)
contents and rates
FC (%) mgNkg' 0 40 60 80 Mean 0 40 60 8 Mean
A) (B)
No.-main branches No.-secondary branches
Non-N 6.10 640 650 620 630 2010 2210 21.60 2020 21.00
" ChM 60 7.20 7.50 740 730 735 2270 2530 2730 2820 25.88
80 ChM 120 7.80 790  9.10 880 840 2360 2870 2580 2940 26.88
AS 60 8.10 840 850 820 830 2530 2860 2640 2820 27.13
AS 120 7.90 7.80  8.90 880 835 2850 29.10 2950 2930 29.10
Mean 7.42 7.60  8.08 786 7.74 2404 2676 26.12 27.06 26.00
Non-N 7.00 670  6.60 670 675 2140 2250 21.60 2340 22.23
ChM 60 7.40 730  7.50 770 748 2470 2630 2690 28.00 2648
60 ChM 120 8.10 850 870 830 840 2540 2690 2810 2940 2745
AS 60 820 860 6.10 870 790 2720 2730 2860 2820 27.83
AS 120 8.40 8.80 890 930 885 29.10 2940 3040 29.00 2948
Mean 7.82 798  7.56 8.14 788 2556 2648 27.12 2760 26.69
Mean of N treatments
Non-N 6.55 6.55 6.5 645 653 2075 2230 2160 21.80 21.61
ChM 60 7.30 740 7450 750 741 2370 2580 2710 2810 26.18
ChM 120 7.95 820 890 855 840 2450 2780 2695 2940 27.16
AS 60 8.15 850 730 845 810 2625 2795 2750 2820 2748
AS 120 8.15 830 890 805 860 2880 2925 2995 29.15 2929
Grand Mean 7.62 779 7.82 800 7.80 2480 2662 2662 2733 2634
LSD 0.05 002 AB 0.06 012 AB 0.26
004 AC 0.05 0.18 AC 0.23
C 003 BC 0.07 016 BC 0.36
ABC 0.10 ABC 0.51

See footnote in Table 2.
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on growth and establishment of black cumin
plants in addition to its role as an activator in the
enzymatic reaction during plant growth. Also,
nitrogen is the most important growth limiting
factor for crops. Shah (2008) reported that the
application of basal N, especially at the rate of
352 mg N pot ™, had the most favorable effect on
all the black cumin growth parameters studied.

The highest dry weight per plant and 1000-
seed weight were recorded in the plants treated
with ChM120 mg N kg" + K80 mg K kg™ and
ChM120 mg N kg' + K60 mg K kg’ which
caused increases of about 146% and 25%,
respectively with 80% of field capacity.
Maximum plant height at harvest (39.40 cm)
was recorded under application of ChM120 mg
N kg’ + K40 mg K kg’ in presence of 60%
moisture content of field capacity. The highest
increase in number of main branches (32.9%)
and number of secondary branches (42.1%)
were recorded in plants treated with AS120 mg
N kg™ + K80 mg K kg™ and AS120 mg N kg™ +
K60 mg K kg™, respectively under moisture
content of 60% field capacity.

Straw and seed yields

The data in Table 5 reveal that the increase in
levels of fertilizers increased straw and seed
yields of black cumin significantly at all the
moisture contents. Higher levels of nitrogen and
potassium fertilization may be attributed to more
efficient nutritional environment in the root zone
as well as in the plant system. The biological
role of nitrogen as an essential constituent of
chlorophyll in harvesting solar energy,
phosphorylated  compounds in  energy
transformations, nucleic acids in the transfer of
genetic information and the regulation of
cellular metabolism and of protein as structural
units and biological catalysts is well
documented (Swetal et al, 2012). The
enhancement of seed yield plant’ can be
explained on the fact that under optimal N
nutrition CO, assimilation is favorably
upregulated. This result in an adequate supply of
photo-assimilates to the developing meristems,
which enhances and maintains their growth.
Thus, more reproductive structures are produced

per plant and area, as is the case with seeds. The
capacity of these seeds to grow is substantially
probably increased because more cells with
greater enzyme capacity are produced (Lowlor,
2002). A descending order characterized the
effects of N fertilization on straw and seed yield
as follows; for straw yield: AS120 mg N kg >
ChM 120 mg N kg™ > ChM60 mg N kg > AS60
mg N kg’ under 80% of FC. The corresponding
order under 60% FC. was: ChM120 mg N kg™
> AS120 mg N kg' > ChM60 mg N kg' >
AS60 mg N kg'. For seed yield, the descending
order was: AS120 mg N kg > AS60 mg N kg™
>ChM120 mg N kg"' > ChM60 mg N kg under
both 80% and 60% FC. As for the main effect of
K fertilization on straw and seed yield; the order
was: K80 mg K kg > K60 mg K kg™ > K40 mg
K kg'. The main effect of moisture content,
80% of FC increased the black cumin straw
yield by 17.03%, while decreased seed yield by
13.18% as compared to the application of 60%
FC.

The maximum straw and seed yields (13.00
and 8.82 g plant™) were achieved by application
of 120 mg N kg”' as ChM and 80 mg K kg
under 80% of FC and 120 mg N kg™ as AS and
80 mg K kg' under 60% of FC and the
corresponding increments over the non-treatment
plants were 162% and 115%, respectively.

Seed Quality
Seed oil content and oil yield

Results presented in Table 6 show that the
seed oil content and seed oil yield of black
cumin increased significantly owing to
application of N and K fertilization under soil
moisture content of 80 and 60% of FC. These
results are in agreement with those obtained by
Hassan and Ali (2013) and Ali and Hassan
(2014). As for N fertilization, the main effect
shows significant increase and followed the
order: ChM120 mg N kg™ > AS120 mg N kg™ >
ChM60 mg N kg > AS60 mg N kg™ > control
for seed oil content and AS120 mg N kg' >
ChM120 mg N kg™ > AS60 mg N kg' > ChM60
mg N kg' > control for seed oil yield. A
descending order characterized the main effects
of K fertilization rate on seed oil content and seed
oil yield is as follows: K60 mg K kg™ > K40 mg
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Table 5. Effect of nitrogen sources and rates as well as potassium rates on straw and seed yields
(g) plant™ of black cumin plant under different moisture contents

Moisture N-Source Rate of K,mg.kg" (C)
contents and rates
FC (%) mgNkg' 0 40 60 80 Mean 0 40 60 80 Mean
(A) B) - » . "
Straw yield (g plant™) Seed yield (g plant™)
~ Non-N 4.97 525 6.55 530 552 3.19 381 322 392 354
ChM 60 803 10.14 11.10 1243 1043 511 522 534 6.17 546
80 ChM120 12.54 11.51 1243 13.00 1237 621 6.52 661 7.11 6.61
AS 60 1033  10.19 9.78 1069 10.25 6.33 6.82 721 730 6.92
AS 120 1263 1278 1235 1276 1263 6.82 7.23 731 722 17.15
Mean 9.70 997 1044 10.84 1024 553 592 594 6.35 593
Non-N 4.55 510 495 513 493 4.11 3.88 421 396 4.04
ChM 60 7.92 825 1044 1120 945 623 641 6.11 6.81 6.39
60 ChM 120 9.91 10.14 1039 11.05 1037 7.11 7.52 7.66 1799 1757
AS 60 8.40 845 9.07 9.27 880 742 7.68 7.38 791 7.60
AS 120 982 1059 1032 10.09 1021 821 848 868 8.82 8.5
Mean 8.12 851 9.03 935 875 6.62 679 680 7.10 6.83
Mean of N treatments
Non-N 4.76 5.18 575 522 523 3.65 385 372 394 379
ChM 60 7.98 920 1077 11.82 934 567 582 573 649 593
ChM 120 11.23  10.83 11.41 12.03 1137 6.66 7.02 7.14 7.55 7.09
AS 60 9.37 932 943 998 952 688 7.25 730 7.61 726
AS 120 1123 11.69 1134 1143 1142 7.52 786 800 820 7.85
Grand Mean 891 924 974 1009 950 6.07 636 637 6.72 638
LSD 0.05 A 0.12 AB 0.27 A 0.11 AB 0.24
B 0.19 AC 0.24 B 0.17 AC 0.22
0.17 BC 0.38 C 0.15 BC 034
ABC 0.53 ABC 048
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Table 6. Effect of nitrogen sources and rates as well as potassium rates on oil content (g kg
and oil yield (g plant'l) of black cumin plant under different moisture contents

Moisture  N-Source Rate of K, mg.kg" (C)

contents and rates
FC (%) mgng" 0 40 60 80 Mean O 40 60 80 Mean

@A) (8) Oil content (g kg") Oil yield (g plant™)

Non-N 2202 2322 2347 2332 230.1 0.70 089 0.76 091 0381
ChM 60 280.7 281.7 279.6 2588 2752 143 147 149 1.60 1.50
80 ChM 120 2803 2899 2688 269.8 2772 1.81 189 1.78 1.92 1.85

AS 60 269.8 2773 269.8 2798 2742 172 189 195 205 1.90

AS 120 2745 2798 278.0 2645 2742 1.87 202 203 191 196 -
Mean 265.1 2722 2662 2612 2662 1.50 163 160 1.68 1.60

Non-N 213.1 255.5 265.7 258.4 2482 0.88 099 1.12 102 1.00

ChM 60 241.6 2689 283.5 2639 2645 1.51 172 173 1.80 1.69
60 ChM 120 2468 2772 2813 2739 2898 L1.75 208 2.16 2.19 2.05

AS 60 2216 269.0 279.8 272.0 260.6 1.64 207 207 215 198
AS 120 2455 2683 283.5 273.9 267.8 2.02 7928 246 242 229
Mean 2337 267.8 278.8 268.4 2622 1.56 183 191 192 180

Mean of N treatments

Non-N 2167 2439 2502 2458 239.1 0.79 094 094 097 091
ChM 60 2612 2753 2816 2614 269.8 147 160 161 170 1.59
ChM 120 263.6 283.6 275.1 2719 2735 178 199 197 205 1.95
AS 60 2457 2732 2748 2759 2674 1.68 198 201 2.10 1.94
AS 120 260.0 274.1 280.8 2692 271.0 194 215 225 2.16 2.13
Grand Mean 2494 270.0 2725 2648 2642 1.53 173 L75 180 1.70
LSD 0.05 A 11 AB 24 A 003 AB 0.07

B 17 AC 22 B 005 AC 0.09

C 1.5 BC 34 C 0.04 BC 0.10

ABC 4.8 ABC 0.14
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K kg > K80 mg K kg and K80 mg K kg™ >
K60 mg K kg™ > K40 mg K kg™, respectively.
The main effects of moisture content treatments
on seed oil yield showed a descending increase
in the order of 60% of FC > 80% FC. El-
Mekawy (2012) found that seed oil content of
black cumin was increased under drought
condition after flowering.

Seed pil content of plants treated with 120
mg N kg as Ch.M and 40 mg K kg™ under the
moisture 80% of FC was the highest and gave an
increase of 31.8%. The highest value of seed oil
yield (2.46 g plant') was obtained under
application of 120 mg N kg™ as AS and 60 mg
K kg™ with 60% of FC causing 180% increase.

Seed protein content and protein yield

The responses of seed protein content and seed
protein yield to various fertilizers applied in this
experiment are shown in Figs. 1 and 2. The data
illustrate that application of N and K fertilizers
increased the protein content and protein yield of
black cumin seeds. This was true for the two N
sources used. This is expected, as N is vital in
protein structure as well as being an active
constituent of RNA and DNA, which are essential
for protein synthesis (Marschner, 1995). An equally
potent effect of N on protein content was found to
arise through an enhancement of NR activity. NR is
the regulatory enzyme in the N metabolism and is
responsible for the reduction of nitrate to
ammoniacal N, which is then incorporated in the
production of amino acids and thereby optimizing
their condensation into proteins (Hopkins, 1995).
These results are in agreement with those obtained
by Abbas et al (2011) and Wortman et al. (2011).
Increasing N rate was associated with increases
seed protein content and seed protein yield; and
ChM was superior to AS especially, with higher
rate of 120 mg N kg soil.

In the present study, seed protein content and
seed protein yield increased by increasing K rate.
However, there was a slight decrease in the seed
protein content at K rates over 40 mg K kg soil.
Helmy and Ramadan (2013) reported that K
application increased protein content of peanut seed
by about 17% and 10% for the rates 60 and 120 mg

K kg, respectively. The average increases followed
the order of 40 mg K kg' > 60 mg K kg™ > 80 mg
K kg causing increases by about 4.45%, 4.06%
and 2.45% for seed protein content and 80 mg K kg
> 60 mg K kg’ = 40 mg K kg causing 13.8%,
9.57% and 9.57% increases for seed protein yield.

Regarding the effect of moisture treatments,
data show that 60% moisture content of FC gave
greater seed protein content and seed protein
yield as compared with 80% FC with an
increase of 4% and 18.4 %, respectively.

The maximum mean value of protein content
(193.8 g kg") and protein yield (1.493 g plant™)
was observed by the combination of 120 mg N
kg' as ChM and 40 mg K kg™ under 80 % of FC
and 120 mg N kg' as ChM and 80 mg K kg
under 60 % of FC, respectively.

Macronutrient content and uptake

An increment occurred in  nitrogen,
phosphorus and potassium contents and uptake in
black cumin seeds when treated with N and K
fertilizations or any combination treatment
between them under the two moisture contents of
60% and 80% of FC.

Nitrogen content and uptake

Results given in Table 7 reflect significant
increases in the N content and uptake as affected
by application of the treatments for black cumin
seed. The highest increase in nitrogen content
52.0% was recorded in the plants treated ChM 120
+ K40 + 80% FC. This may be due to that organic
manure is a product which contains many
elements and improves soil fertility as well as
increases  availability of nutrents and,
consequently increases plant growth, yield and
chemical composition (El-Sharkawy and Abdel-
Razzak, 2010). The obtained results support other
results obtained by Jhaa et al. (2011); Raissi et al.
(2012); Swetal et al. (2012) and Hassan and Ali
(2013). The main effects of moisture content, N-
fertilization and K-doses on seed-N content show
the following order: 60% > 80%; ChM120 mg N
kg’ > AS120 mg N kg’ > AS60 mg N kg >
ChM60 mg N kg™ and K80 mg K kg > K60 mg
K kg' > K40 mg K kg™, respectively.
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Table 7. Effect of nitrogen sources and rates as well as potassium rates on seed-N content (g kg")

and N-uptake, mg plant” of black cumin plant under different moisture contents

Moisture N-Source Rate of K, mg.kg™ (C)
CF"'C‘tfo’/f)s :;“gd;;:;i 0 40 60 8 Mean 0 40 60 80 Mean
G ®) N-content N-uptake
Non-N 204 212 222 218 21.0 651 808 715 855 757
ChM 60 245 244 261 260 253 1252 1274 1394 1604 138.1
80 ChM 120 29.1 310 299 289 297 180.7 202.1 197.6 205.5 196.5
AS 60 234 241 245 260 245 148.1 1644 176.7 1898 169.7
AS 120 241 248 251 299 260 1644 1793 183.5 2159 1858
Mean 243 251 256 265 254 1367 150.8 153.7 1714 1532
Non-N 199 208 216 209 208 81.8 80.7 909 828 84.1
ChM 60 252 258 249 26.0 255 157.0 1654 152.1 177.1 1629
60 ChM 120 288 29.1 295 299 293 2048 218.8 226.0 238.9 222.1
AS 60 26.1 266 28.0 26.0 267 1937 2043 206.6 205.7 202.6
AS 120 26.6 280 260 268 269 2184 2374 2259 2364 2295
Mean 253 26.1 260 259 258 171.1 1813 180.3 188.2 180.2
Mean of N treatments
Non-N 202 226 219 174 209 734 868 812 684 799
ChM 60 249 251 255 260 254 141.1 1464 1458 168.7 1505
ChM 120 29.0 30.1 297 294 295 1927 210.5 211.8 2222 2093
AS 60 248 254 263 26,0 256 1709 1843 191.6 1977 186.2
AS 120 254 264 256 284 264 1914 2084 204.6 226.1 2076
Grand Mean 248 256 258 262 256 1539 166.1 167.0 179.8 166.7
LSD 0.05 A 052 AB 1.13 051 AB 1.14
081 AC 1.02 073 AC 1.02
0.71 BC 1.64 C 0.72 BC 1.6l
ABC 2.21 ABC 2.27




1014 Mohamed, et al.

Highest seced-N uptake (238.9 mg plant™)
was recorded in the plants treated with ChM120
mg N kg + K80 mg K kg under moisture
content 60% of FC representing an increase of
192%.

Phosphorus content and uptake

Phosphorus content and uptake in black
cumin seed increased significantly as a result of
N-application, K-fertilization and moisture
content (Table 8) singly or in combinations. The
positive effect of organic manure reflects the
different characteristics of the added chicken
manure (chemical composition and nutritional
status). The organic manures would create
favorable soil physical and chemical conditions,
which favorably affect the solubility and
availability of nutrients and thus increase the
uptake of nutrient. The released N is essential for
plant growth and development involved in vital
plant functions such as photosynthesis, DNA
synthesis, protein formation and respiration
(Diacono et al., 2013). These results coincide with
the results of Abbas et al. (2011) and Namvar and
Khandan (2013).

The main effects of N, K fertilization and
moisture content treatments shows a descending
increase for P uptake in seeds in the order:
ChM120 mg N kg' > AS120 mg N kg' > AS60
mg N kg >ChM60 mg N kg™'; K80mg K kg'' >
K40 mg K kg'' > K60 mg K kg and 60% FC >
80% FC, respectively.

The highest P content of 18.4 g kg™ in seeds
was observed due to AS 60 + K40 under 60%
FC while, for P-uptake 143.8 mg plant’ was
achieved due to 120 mg N kg™ as Ch.M and 80

mg K kg™ treatment under moisture content 60%

of FC.

Potassium content and uptake

As shown in Table 9, K content and uptake in
seeds followed a rather similar trend as that of N
and increased significantly owing to application
of N, K application and moisture content. As for
the effect of N application, the main effect shows
ChM120 > AS120 > AS60 > ChM60. The main
effect of K-fertilization shows: K80 > K60 >
K40. The data also show that moisture (%)
application of 60% of FC increased sced K-
uptake by 14.9% over the application of 80% of
FC.

Shah (2007) reported that nutrient (NPK)
uptake of Nigella sativa L. was favourably
influenced by the application of inorganic N and
increased with increasing N dosage, being
maximum at 352 mg N pot™.

The maximum values of K content and uptake
by black cumin (17.9 g kg'' and 141.4 mg plant™,
respectively) were obtained due 120 mg N kg™ as
ChM and 80 mg K kg' treatment under
moisture content of 80% FC for K-content and
60% FC for K-uptake. Increases were 77.2% and
184.5%, respectively over the non-treated.

Conclusion

This study illustrates that applying chicken
manure increased nitrogen, phosphate and
potassium availability in black cumin plants and
consequently promoted the vegetative growth and
increased seed yield. Such treatments would
reduce the production cost by minimizing or
eliminating the use of chemical fertilizers, as well
as decrease environmental hazards and improve
soil structure, and obtain high quality black cumin
seeds and oil. The treatment of chicken manure at
120 mg N kg' combined with 80 mg K kg
would thus be recommended.
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Table 8. Effect of nitrogen sources and rates as well as potassium rates on seed-P content (g kg")
and P-uptake, mg plant” of black cumin plant under different moisture contents

Moisture N-Source and Rate of K, mg.kg" (C)

contents rates IggN 0 40 60 80 Mean 0 40 60 80 Mean
FC (%) kg

(A) ®B) P-content P-uptake
Non-N 122 124 123 128 124 389 472 39.6 502 440
"ChM 60 152 153 160 17.1 159 777 799 854 1055 87.1
80 ChM 120 176 182 177 179 181 1093 1187 117.0 1273 118.1
AS 60 142 148 139 140 142 899 1009 1002 1022 983
AS 120 150 148 143 151 148 102.3 107.0 104.5 109.0 105.7
Mean 5.0 151 148 154 151 849 907 894 99.0 90.6
Non-N 126 124 123 128 125 518 48.1 518 50.7 506
ChM 60 149 158 153 162 156 928 1013 935 1103 995
60 ChM 120 179 181 182 18.0 18.0 1273 136.1 1394 143.8 136.7
AS 60 150 184 18.0 172 172 111.3 1413 1328 136.1 1304
AS 120 151 148 146 150 149 1240 1255 126.7 1323 127.1
Mean 151 159 157 158 156 1014 110.5 1089 114.6 108.8
Mean of N treatments
Non-N 124 124 123 128 125 454 477 457 504 473
ChM 60 15.1 15,6 157 167 157 853 906 89.5 1079 933
ChM 120 17.8 182 180 180 18.0 1183 1274 1282 1356 1274
AS 60 146 166 160 156 157 100.6 121.1 1165 119.1 1143
AS 120 15.1 148 145 15.1 148 113.1 1163 1156 1207 1164
Grand Mean 151 155 153 156 154 925 1006 99.1 1067 99.7
LSD 0.05 A 0.12 AB 0.23 A 0.18 AB 039
B 0.13 AC 0.22 B 028 AC 035
C 0.11 BC 033 C 025 BC 055

ABC 041 ABC 0.78
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Table 9. Effect of nitrogen sources and rates as well as potassium rates on seed-K content (g kg™)
and K-uptake, mg plant™ of black cumin plant under different moisture contents

Moisture N-Source and Rate of K, mg kg’
contents rates 0 40 60 80 Mean 0 40 60 80 Mean
FC (%) mgNkg'
A) ®B) K-content K-uptake
Non-N 10.1 122 13.0 13.0 122 322 465 419 51.0 429
ChM 60 16.1 17.1 152 162 162 823 893 81.2 100.0 88.2
80 ChM 120 17.1 172 172 179 174 1062 112.1 113.7 1273 114.8
AS 60 12.8 145 151 150 144 81.0 989 1089 109.5 99.6
AS 120 12.1 135 140 142 135 825 976 1023 1025 96.3
Mean 136 149 149 153 147 769 889 89.6 98.0 883
Non-N 12.1 11.8 122 135 124 497 458 514 535 50.1
ChM 60 16.6 168 162 17.1 16.7 1034 107.7 99.0 116.5 106.6
60 ChM 120 172 17.2 17.1 17.7 17.3 1223 129.3 131.0 1414 131.0
AS 60 13.0 133 150 148 14.0 96.5 102.1 1107 117.1 106.6
AS 120 13.0 12.8 133 13.8 132 106.7 1085 1154 121.7 113.1
Mean 144 144 148 154 147 957 98.7 101.5 110.0 101.5
Mean of N treatments
Non-N 1.1 120 126 133 122 41.0 46.1 46.6 522 46.5
ChM 60 164 170 157 167 164 928 985 90.1 1082 974
ChM 120 172 172 172 178 173 1142 1207 122.3 1344 1229
AS 60 129 139 151 149 142 88.7 100.5 109.8 113.3 103.1
AS 120 126 132 13.7 140 133 946 103.1 1089 112.1 104.7
Grand Mean 140 146 148 153 147 863 938 955 104.0 949
LSD 0.05 A 042 AB 091 A 0.31 AB 0.70
B 061 AC 0.82 B 0.49 AC 0.62
C 063 BC 1.24 C 0.44 BC 0.99

ABC 1.71 ABC 1.39
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