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Table 1. Soil fertility methods treatments

Chemical fertilizer

Soil fertility

Manure

-1 . -
methods Treatment (kg.ha) (ton.ha) Biofertilizer
N P K
Control 1 0 0 0 0 0
2 40 32 40 0 0
Chemical 3 80 64 80 0 0
! 4 120 96 120 0 0
5 160 128 160 0 0
6 120 96 120 10 0
Chemical + Manure 7 80 64 80 20 0
8 40 32 40 30 0
9 0 0 0 40 0
Manure 10 0 0 0 30 0
u 11 0 0 0 20 0
12 0 0 0 10 0
13 0 0 0 0 Azorhizobium caulinodans
Biofertilizer 14 40 32 40 0 A. caulinodans
otertilize 15 40 32 40 30 A. caulinodans
16 0 0 0 30 A. caulinodans
w50 S oland S5 b S S o
Table 2. Some physicochemical characteristics of field soil
Grit Sand Clay EC ocC N P K
Texture (%) %) (%)  (@sm?y  PH (%) (%) (ppm)  (ppm)
Loamy-Clay 32.8 39.9 27.3 2.83 7.75 0.65 0.062 12.12 225.4
sslical 5550 oI5 58 gsl-“‘_;}u Y o
Table 3. Some manure characteristics
EC (dS.mY) pH OC (%) N (%) P (%) K (%)
7.03 8.75 25.28 3.08 1.11 0.94
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Table 4. ANOVA of soil fertility methods effects on yield and Nigella sativa essential oil

) ) ) . Essential oil o
SYOAY) df Seed yield Biological yield Essential oil yield
percentage
Block 2 32584.22 124278.26 0.001 0.26
Soil fertility methods 15 78768.34** 97929.12** 0.003** 0.88**
Experimental error 30 18307.1 35778.88 0.001 0.16
C.V. (%) 15 9.35 17.37 23.91

ns, *, and **: non-significant, significant at 5%, and 1% probability levels, respectively.
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Table 5. Means comparison of soil fertility methods effects on yield and Nigella sativa essential oil

Chemical . . .
. . . . Biological . Essential
Soil fertility fertilizer Manure . . Seed yield . Essential o
Treatment Biofertilizer yield . oil yield
methods (kg.hat) (ton.ha't) (kg.ha't) oil (%)
(kg.ha't) (kg.ha't)
N P
Control 1 0 0 0 0 0 577.11e 1720e 0.13d 0.74e
2 40 32 40 0 0 727.05de 1831.67de 0.17cd 1.2de
. 3 80 64 80 0 0 713.41de 1863.67cde 0.18bcd 1.29de
Chemical
4 120 96 120 0 0 898.12bcd  2162.67abcd  0.21abc 1.93bcd
5 160 128 160 0 0 890.86bcd 1943.67cde 0.18bcd 1.64bcd
. 6 120 96 120 10 0 1051.18abc 2063hcde 0.22abc 2.28ab
Chemical +
M 7 80 64 80 20 0 967.02bcd 2212abc 0.17cd 1.67bcd
anure
8 40 32 40 30 0 1270.42a 2323.33ab 0.21abc 2.71a
9 0 0 0 40 0 886.77bcd 1934.33cde 0.16cd 1.38cde
M 10 0 0 0 30 0 834.65cd 1992.33bcde 0.15cd 1.29de
anure
11 0 0 0 20 0 1006.03bc  1981.67hcde 0.15cd 1.55bcd
12 0 0 0 10 0 836.34cd 1941.33cde 0.17bcd 1.44cde
Azorhizobium
13 0 0 0 0 812.11cde 1949.33cde 0.16cd 1.33de
caulinodans
Biofertilizer 14 40 32 40 0 A. caulinodans ~ 873.39bcd 2119abcd 0.17cd 1.51cd
15 40 32 40 30 A. caulinodans 1136.29ab 2431.67a 0.25a 2.8a
16 0 0 0 30 A. caulinodans 904.2bcd 1896.33cde 0.24ab 2.13abc
Similar letters in each column indicate the absence of significant differences between treatments (Duncan test).
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Table 6. ANOVA of soil fertility methods effects on Nigella sativa essential oil compounds

S.oVv df myrcenol p-cymene a-thujene p-cymene-8-ol thymogquinone longifolene carvacrol limonene sabinene
Block 2 0.39 1.49 1.58 0.03 5.8 1.28 0.19 0.04 0.05
Soil fertility methods 15 2.19" 62.23** 4.26* 0.28* 11.51** 5.97** 0.03ns 0.11* 0.03*
Experimental error 30 1.06 17.14 1.8 0.14 2.96 1.16 0.02 0.09 0.02
C.V. (%) 12.96 8.47 15.31 21.37 16.83 26.76 11.63 15.89 10.87

ns, *, and **: non-significant, significant at 5%, and 1% probability levels, respectively.
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Table 7. Means comparison of soil fertility methods effects on Nigella sativa essential oil compounds

Chemical fertilizer

Soil fertility 1 Manure . - myrcenol p-cymene a-thujene  p-cymene-8-ol thymoquinone
methods Treatment - (kg.lga ) (ton.ha!) Biofertilizer (%) (%) (%) (%) (%)
Control 1 0 0 0 0 0 5.9¢ 38.1e 6.1c 1.6bcd 7.3e

2 40 32 40 0 0 6.4bc 42.7cde 9ab 2abc 9.8cde
Chemical 3 80 64 80 0 0 8.1ab 47 9abcd 8.9ab 1.8abcd 10cde
4 120 96 120 0 0 7.7abc 48.4abcd 9ab 1.5bcd 9.7cde
5 160 128 160 0 0 7.3abc 44 .6bcde 7.8bc 1.2d 8.6de

Chemical + 6 120 96 120 10 0 8.9a 52.5ab 9.6ab 1.4cd 8.5de

Manure 7 80 64 80 20 0 8.8a 52.4ab 9.7ab 1.7abcd 10.2cde
8 40 32 40 30 0 7.2abc 5l1ab 9.6ab 2.2ab 12.2abc
9 0 0 0 40 0 7.5abc 51.8ab 7.1bc 1.5bcd 13.8ab

Manure 10 0 0 0 30 0 7.6abc 5l1ab 7.2bc 2abc 14.9a
11 0 0 0 20 0 8.2ab 50abc 8.2abc 1.6bcd 9.9cde
12 0 0 0 10 0 8.6a 42.1de 8.7ab 2.4a 7.9de
13 0 0 0 0 Azorhizobium 7.9ab 52.5ab 8.6ab 1.7bcd 9.9cde

caulinodans

Biofertilizer 14 40 32 40 0 A. caulinodans 8.9a 52.9a 10.5a 2abc 10.9bcd

15 40 32 40 30 A. caulinodans 8.7a 53.3a 10.6a 1.5cd 11.2bcd
16 0 0 0 30 A. caulinodans 8.7a 52.8a 9.4ab 1.6bcd 10.6cde

Similar letters in each column indicate the absence of significant differences between treatments.
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Continued Table 7. ...

Chemical fertilizer

Soil fertili . Manure . - longifolene carvacrol limonene sabinene
metho dsty Treatment - (kgl.jha 1 (ton.ha') Biofertilizer g(%) (%) (%) (%)
Control 1 0 0 0 0 0 4.5cde 1l.4a 2.3a 1.6a

2 40 32 40 0 0 2.9de 1.3a 1.8ab 1.5ab
Chemical 3 80 64 80 0 0 3.3de 1l.4a 2.1ab 1.4abc
4 120 96 120 0 0 3.2de 1.2a 2ab 1.5ab
5 160 128 160 0 0 6.6ab 1.2a 1.8ab 1.4abc

Chemical + 6 120 96 120 10 0 3.5cde 1.4a 2.1ab 1.5abc

Manure 7 80 64 80 20 0 2.9de 1.3a 1.7ab 1.5ab
8 40 32 40 30 0 3.9cde 1.3a 2.1ab 1.4abc
9 0 0 0 40 0 3.9cde 1.3a 2.1ab 1.4abc

Manure 10 0 0 0 30 0 5bed 1l.4a 1.9ab 1.2¢c
11 0 0 0 20 0 5.4bc 1.4a 1.9ab 1.4abc

12 0 0 0 10 0 7.7a 1.2a 1.7ab 1.3bc
13 0 0 0 0 Azorhizobium caulinodans 3.9cde 1.2a 2ab 1.3abc
Biofertilizer 14 40 32 40 0 A caul@nodans 2.8de 1.2a 1.7ab 1.3abc
15 40 32 40 30 A. caulinodans 3de 1.3a 1.6b 1.3abc
16 0 0 0 30 A. caulinodans 2.9de 1l.4a 2ab 1.4abc

Similar letters in each column indicate the absence of significant differences between treatments.
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Abstract

To investigate the effects of soil fertility methods on economic yield and essential oil
compositions of Nigella sativa L., an experiment was conducted in a randomized complete
block design with three replications. Experimental treatments included different levels of NPK
chemical fertilizer, manure, NPK+ manure, and NPK+ manure+ inoculation of Azorizobium
biofertilizer. Seed vyield, aerial parts yield, and percentage, yield, and essential oil compounds
were studied. The results showed that the highest seed yield (1270.43 kg.ha*) was obtained in
the 40 kg.ha? N+ 32 kg.ha' P+ 40 kg.ha' K+ 30 ton.ha’ manure treatment. The highest
percentage (0.25%) and essential oil yield (2.8 kg.hal) was obtained in the 40 kg.ha® N+
32 kg.ha! P+ 40 kg.ha® K+ 30 ton.ha® manure+ Azurizobium treatment. The highest
thymoquinone percentage (14.9%) was observed in the 30 ton.ha* manure treatment. Overall,
the integrated and biological treatments had the most positive effects on seed yield and essential
oil percentage of N. sativa. The use of suitable fertilizer sources not only increased the yield,
essential oil percentage, and thymoquinone content in Nigella sativa, but also reduced the
consequences of excessive use of chemical fertilizers. The use of integrated fertilization
methods is an effective step to achieve the sustainable agriculture goals.
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