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ABSTRACT

Mature black cumin (Nigella sativa L.) seeds were planted in clay loam soil on the 23™ of November,
2005 and 2006 and were harvested on 10” April, 2006 and 2007 seasons. The data of vegetative growth,
seed yield and oil seed percentage were determined. The data indicated that the biofertilization (Glomues
macrocarpus fungus or Nitrobein bacteria) or organic manure alone or in combination with half or full
NPK fertilizer increased plant height (cm), No. of branches and leaves, root length (cm) as well as herb
and root dry weighit when compared with uninoculated plants (control). Also, the best significant results
of herb and root dry weight were found with mycorrhizal fungus and Azotobacter with full NPK
fertilizers treatment as compared to the other treatments under study, while, the least values in these
respects were found with the control planis. Also, G. macrocarpus fungus + Nitrobein + organic manure
with full NPK fertilizer treatment was more effective in increasing the seed yield per plant and feddan
than the other treatments under study. The same effect was found with G. macrocarpus fungus alone or
combined with Nitrobein treatment when seed total and essential oil content were concerned. Generally,
the biofertilization (mycorrhizae or Azotobacter) or organic manure increased the vegetative growth
parameters, seed yield, and oil content than the control plants of black cumin.

Key words: Azotobacter, chemical fertilizer, mycorrhizae, Niglla sativa, NPK, oil content, organic
manure, plam growth, seed yield,.

L INTRODUCTION yicld of Nigella sativa plants were recorded a1 30

Black cumin (Nigellz sativa 1..) is belonging and 60 kg N/ha.
to family Renunculaceae,. Black cumin seeds or Mecanwhile, many researches have been
oil seeds are used by the common people for worked on the effect of biofertilization and
many medicinal purposes. organic manure with or without the addition of

Generally, many researchers have been chemical fertilization such as Nagarajan et al.
worked on the effect of chemical fertilizers on the  (1989) who reported that Azospirillium brasilense
growth and seed or oil yield of black cumin plants and Glomus faciculatum as a combined treatment
such as Das er al. (1991) who showed that plant showed a remarkable increase in shoot and root
height, no. of branches/plant and fresh or dry biomass of mulberry (Morus sp.) in comparison
weight as well as seed yield of Nigella satjva with the uninoculated control plants. Meanwhile,
were increased with N fertilization at 20-60 kg/ha ~ Wange and Patil (1994) applied 100 kg N/ha
and P fertilization at 20-40 kg/ha. El-Deeb et al. alone or inoculating with Azorobucter +
(1993) working on Nigella sativa plants showed  Azospirillum mixtures significantly increased the
that application of N fertilization at any level No. of flowers/stable, blub (rhizome) yield and
increased plant height. Singh er al. (1999) found the No. of flower stems produced by Polianthes
that seed yield of Nigella sativa plants increased tuberose plants. Mukhopadhyay and Sem (1997)
as N and P rates increased. Datta et af. (2001) found showed that a significant increases in vyield
that the highest vegetative growth and yield components occurred in black cumin plants with
parameters of Nigella sativa plants were obtained N-fixing bacteria. Also, Gupta et al. (1999) stated
with NPK (45-45-45) treatment. Ashraf et al that the growth and flower yields of T. erecta
(2005} reported that the best growth and seed plants were the highest after treatment with
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Azotobacter + phosphorus solubilizing bacteria in
combination with 75 or 100% N application.
Also, Salama (2002) studied the response of
Balady mandarin trees to organic fertilizers and
biofertilizers, and showed that Rhizobacterium
produced more enhancing effect on growth cycle
duration, growth intensity of different flush, leaf

area and leaf dry weight than Nitrobein
treatments. Saraf and Tiwari (2004) stated that
75% NPK + FYM at 10 t/ha + biofertilizers
(Azotobacter + phosphate solubilizing bacteria)
treatment recorded the highest values of the yield
parameters for both the main and ratoon crops of
muskdana plants. Ray ef al. (2005) reported that
the addition of Azotobacter chroococcum and
Azospirillum brasilense enhanced the yield of
okra plant mere than the uninoculated ones.

The aim of the present work was to study the
effect of organic and biofertilization under fuil or
half NPK on growth, yield and chemical
components of Nigella sativa.

2. MATERIALS AND METHODS

The experimental work was carried out at
the Research Centre of the Faculty of Agriculture,
Moshtohor, Benha University. The study was
conducted through the two successive seasons of
2005-2006 and 2006-2007.

Seeds of black cumin (Nigella sativa L.)
were planted on the 23 of November, 2005 and
2006 at the rate of two plants in each site. The
experiment was divided into plots (2x3 m?), each
plot contained 6 rows, 50 cm apart. The distance
between the plants was 25 cm. The layout of this
experiment was split-split in a complete
randomized, design having 16 treatments. They
were divided into two groups, each group
contained 8 treatments with 6 replicates (6 rows).
This. experiment was statistically analyzed as a
factorial experiment, the main factor was
chemical fertilizers (NPK) as two levels, while
the branch factor was Mycorrhizae, Azotobacter,
organic manure or a combination of them.

The treatments included NPK fertilization
according to the recommendation of the Egyptian
Ministry of Agriculture (82.5 kg N, 45 kg P,0s
and 36 kg K,O per feddan) or half of these
amounts. The treatments were as follows:

Half NPK - Full NPK
1- Control (half NPK)  1-Control  (full NPK)
\ (recommended)
2- Glomus macrocarpus  2-Glomus  macrocarpus
fungus. fungus.
3-Nitrobein (N-fixiation 3-Nitrobein  (N-fixiation

bacteria) bacteria)

4-Organic  manure 4- Organic manure
{cattle) (cattle)

5- G.m. + Nitro. 5- G.m. + Nitro.

6- Gam. + O.m. 6- G.m. + O.m.

7- Nitro + O.m. 7- Nitro + O.m.

B-G.m.+ Nitro + O.m. 8- G.m. + Nitro + O.m.

The seeds of Nigella sativa were planted in
clay loam soil. The soil was inoculated before
planting with endomycorrhizal fungus (Glomus
macrocarpus) according to the method of Menge
et al. (1977). While, nitrogen biofertilization
treatment was used with Nitrobein bacteria
(Azotobacter chroococcum) according to the
recommendation of Microbiology Unit, Agric.
Research Centre, Egyptian Ministry of Agric.
Meanwhile, the organic manure treatment was
applied according to the recommendation of the
Ministry of Agric. (10 m*feddan). The nitrogen
fertilization was divided into 2 equal portions, the
first was applied after one month from seed
planting, while the second was applied after 2
months from seed planting as ammonium nitrate
(33% N) form. Moreover, calcium
superphosphate (15.5% P,0s), potassium sulphate
(48% K,0), cattle manure, mycorrhizal fungus
and Nitrobein bacteria were treated prior to seed
planting. However, ail the treatments under study
were treated with the same agriculture
management practies.

Black cumin plants were harvested on 10 April
in the first and second seasons {2006 and 2007).
The treated plants were subjected to the following
measurements:

1- Vegetative growth: plant height (cm), No.
of branches and leaves per plant, root
length (cm) as well as herb and root dry
weight (g)/plant.

2- The seed yield per plant (g} and per
feddan (kg).

3- Total and essential seed oil percentage.

Also, fertilizer dependency ratic (FDR)

percentage was caiculated on the basis of the ratio
between plant fresh weight (g) of fertilizer plants
for each mycorrhizal, Nitrobein, organic manure
or their combination under full or half NPK and
their corresponding control as a formula:

___ Plant fresh weight of each treatment x
Control plant fresh weight (half or full NPK)
Seed oil extracted by using Soxhelet and
petroleum ether (40-60°C) as a solvent according

to A.O.A.C. (1985). The total oil percentage of
black cumin seeds were calculated.




Data

expressed as percentages were
statistically analyzed according to Steel and
Torrie (1960). All obtained data were subjected to
analysis of variance test and least significant
differences among means were calculated
according to the Duncan's multiple range tests,
Duncan (1955) at 1% level.

3. RESULTS AND DISCUSSION
3.1. Growth characters
3.1.1. Plant height and No. of branches

The data in Table (1) showed that black
cumin plants treated with Glomus macrocarpus
fungus combined with organic manure (cattle)
and mineral fertilizers with full NPK gave the
highest values of plant height (cm). The same
trend of the highest significant value was
observed in No. of branches per plant treated with
the interaction treatment (G. macrocarpus +
Nitrobein + O.m. with full dose NPK fertilizers)
as compared to the other treatments. In contrast,
the least values of both plant height and No. of
branches were obtained from the control whether
full or half dose of NPK fertilizers alone in the
two studied seasons.

Also, Mycorrhizal fungus alone or combined
with Nitrobein bacteria treatment under any level
of mineral fertilizer (half or full) improved plant
height (cm} and No. of branches when compared
with corresponding plants fertilized with the same
level of NPK mineral fertilizer alone.

3.1.2. Number of leaves per plant and root
length (cm)

The data in Table (2) showed that G.
macrocarpus fungus + Nitrobein with full dose
NPK treatment was more effective in increasing
No. of leaves per plant and root length (cm) when
compared with the other treatments. While, the
least values were obtained with the control
whether with full or half dose of NPK.

Meanwhile, when concerning the specific
effect of treatments alone, the data revealed that
Mycorrhizae or Azotobacter or organic manure
induced a significant increase on No. of leaves
and root length of Nigella sativa plants than the
control plants. In the same time, the
biofertilization treatments or organic manure with
half NPK fertilizers treatment were reached the
same level effect in this respect to the same
values of No. of leaves and root length which
obsereved with the same biofertilization or
organic manure with full dose NPX fertilizers.
3.1.3. Root and herb dry weight of black cumin
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The results in Table (3) indicated that the
interaction treatment of G. macrocarpus fungus +
Nitrobein + full dose NPK fertilizers gave the best
significant values of herb and root dry weights of
Nigella sativa plants. While, the least significant
herb and root dry weights were obtained with the
control (half NPK treatment).

G. macrocarpus fungus + Nitrobein bacteria
treatment was more effective in inducing
significant increase in herb and root dry weights
more than the other ireatments in both seasons.

The specific effect of mycorthizae or
Azotobacter or organic manure gave the best
significant herb and root dry weights than the
control treatment with NPK fertilizers.

Generaly, the obtained results assured the
findings of Gendiah (1987) on sour oranges and
Cleopatra mandarin seedlings with mycorrohizal
fungi, Rac and Dass (1989) on Zizphus
mauritiana cv. Seb and Gola and on root cuttings
of pomegranate with Azospirillum and
Azotobacter, Nagarajan et al. (1989) on mulberry
with Glomus fasiculatum fungus and Azospirillum
bacterium, Mousa et al. (2001) and Nataraja ef al.
(2003) on Nigella sativa plants.

3.1.4. Fertilizer dependency ratio (FDR) %

The results tabulated in Table (4) showed that
G. macrocorpus + Nitrobein bacteria with full
dose NPK treatment gave the highest significant
value of fertilizer dependency ratio percentage of
Nigella sativa plants as compared to the other
treatments in both seasons. G. macrocorpus
fungus + Nitrobein + organic manure + half dose
NPK treatment came in the second rank as a
significant increase of FDR% value of black
cumin plants. On the contrast, G. macrocarpus
fungus + organic manure + half dose NPK
treatment gave the least significant value of
FDR% as compared to the other treatments
except the control plants as a ratio to the other
treatments.

Generally, it might be said that Azotobacter
treatment was more effective in increasing the
FDR% values of black cumin plants than
mycorrhizal fungus or organic manure. This result
might be due to the effect of Nitrobein bacteria on
inducing an increase in fresh vegetative growth as
compared to other treatments. These results are in
agreement with the findings of Gendiah (1987)
who found that mycorrhizal dependency
percentage values of mycorrhizae treated
Cleopatra mandarin and sour oranges were
increased in a significant level as compared to
untreated seedlings.
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Tabie (1):Effect of biofertilization (Mycorrhizae or Nitrobein), organic manure or their combinations on plant height and No. of braaches of

Nigella sativa plants grown under two levels of NPK fertilizers.
Plant height (cm) No. of branches/plant
Treatment 2005-2006 2006-2007 2005-2006 2006-2007

H.F.* FF** | Mean H.F.* F.F.* Mean HF.* F.F.** Mesa | HF.* | F.F.** | Mean
Control 444} 456hif (450 d ;4784 412t 451 38 def | 4.6cde 42c 494 46cd | 434
Glomus macrocarpus (GM.) | 49.0efg | 5364 513b |538a S548¢ 563 a 60ab |68a 64a 50cd | S5.6bcd | 53bed
Nitrobein (Nitro.) 47.6fgh | 484efg | 48.0c | 44.6e 558 ¢ 50.2 ed 4.6bc | d.4de 45hc | 60bc | 50cd [ S85he
Organic mapure (O.M.) 50.0e 56.2c 531h | 43.6e 594a 51.5bed | S.6bc | 3.8 def 47bc |(68ab |50cd [59D
G.M. + Nitro, 53.6a 60.0b 56.8a | 454¢e 56.2bc 508hcd | 4.8cd | 4dde 46bc [ 42cd | 60bc | 51bcd
G.M. + OM. 50.2¢ 63.0a 566a {48.04 578 ab 5290 dé6cde (I2F 39%¢ 50cd |4.04d 45cd
Nitro. + O.M. 47.0ghi | 58.6b 528bh | 448¢ 55.0¢ 4994 A6ef 3.8 def A7¢ 50cd 404 4.5 cd
G.M. + Nitro. + O.M. 45.0ij 49.6 ef 413¢c | 434e 58.8a S5l.ibed | 48cd | 6.0ab S54ab | 70ab |80a 7528

Specific effect

NPK (control) 44.4c 45.6b 450b | 478a 4L.2h 44.5b 38b 46a 4.2h 40b 4.6h 4.3b
Mycorrhizae 49.5b 56.6a 53.1a |[489a 56.9a 529a 61a S51a 56a 53a 59a 56a
Azatobacter 583a 54.2a 51.3a [ 446D 56.5a 50.6 a 45h 4.7a 46ab |56a 58a 57a
Organic manure 48.1 b 56.9a 525a [ 45.0h 578a 514a 4.7b 42a 4.5b 6.0a 53ab |57a

* H.F.: Half dose NPK fertilizers.
Means followed by the same letter, within each coluran, are not significantly different for cach other at 1% level,

** FF.: Full dose NPK fertilizers.
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Table (2): Effect of biofertilization (Mycorrhizae or Nitrobein), organic manure or their combinations on No. of leaves and root length (cm) of
Nigella sativa plants grown under two levels of NPK fertilizers.

Ll

No. of leaves/plant Root length (cm)
Treatment 2005-2006 2006-2007 2005-2006 2006-2007
H.EF.* F.F.** | Mean H.F.* F.F.** Mean H.F.* F.F.** Mean H.F.* F.F** Mean“
Control 140 ef 148e¢ | 144c | 142hi 15.5gh 149d [ 113cde | 94def 104 b 10,0 ef 72g 86¢ i
Glomus macrocarpus (G.M.) | 15.0 184d | 16.7bc { 16.0fgh | 18.,0def | 170¢cd | 10.0def | 13.8ab 1{119a 10.2 ef 11.4 cde 108h
Nitrobein (Nitro.) i14.4 ef 14.4ef | 144¢ 13.0i 20.0bcd | 16.5d 9.6 ef 12,6 be 11.1 ab 10.0 ef 11.2 de 10.6b d
Organic manure (Q.M.) 14.4 ef 21.6b | 18.0ab | 17.2efg | 202bcd | 18.7hc | 11.0cde | 12.0bcd § 11.5ab 9.8 ef 12.0 bed 109b
G.M. + Nitro, 126fg 24.6a | 18.6ab | 19.0cde | 23.8a 214a | 11.0cde | 13.4ab {1222 10.8 de 1382 123ab :
G.M. +OM. 1l.6g 19.4cd | 15.5c¢ | 188cde | i8.8cde | 18.8bc | 84f 15.4a 1192 11.0de |13.3ab 12.2 ab
Nitro. + O.M. 132efg | 23.0ab | I18.1ab | 183de | 20.8bc 19.6ab | 9.0ef 12.8 be 109ab | 9.0f 12.2abed | 10.6b
G.M. + Nitro. + O.M. 17.6d 21.2bc | 19.4a | 18.0def | 22.0ab 20.0ab | 12.0bed | 11.0cde [ 11.5ab | 12.0bed | 13.03bc 125a
Specific effect r
NPK (control) 140a i48b (144b {142b I55b 149b r11.3 a 94b 104 b 10.0a 7.2b 8.6b
Mycorrhizae 1422 2092 |[176a {180a 198a 189a | 104a 134a 119a 11.0a 124a 11.7a
Azotobacter i45a 208a [(17.7a |17.1a 208 a 190a [104a 125a 11.5 ab 10.5a i2.1a 11.3a
Organic manure 142 a 21.3a | 17.8a {18.1a 214a 198a (10.1a 128 a 11.5ab | 10.5a 13.1a 11.8a :
* H.F.: Half dose NPK fertilizers. - ** F.F.: Full dose NPK fertilizers. d
Means foflowed by the same letter, within each colomn, are not significantly different for each other at 1% level. .
:
:
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Table (3): Effect of biofertilization (Mycorrhizae or Nitrobein), organic manure or their combinations on dry weight of herb and root dry

weight (g} of Nigella sativa plants grown under two levels of NPK fertilizers.

Dry weight of herb (g) Root dry weight (g)
Treatment 2005-2006 2006-2007 2005-2006 2006-2007

HF* | FF** | Mean | HF* | F.F** | Mean H.F.* F.F.** Mean HF* | F.F* | Mean
Control 243g |354f | 3.00e 16lg | 234f 198¢c | 0.13e 0.21 de 017¢ 0.14g |033de [ 024D
Glomus macrocarpus (GM.) | 2.74g { 509¢d | 3.92cd | 3.30e R 4414 | 386b | O14e 041 b 028ab | 0.20fg | 0.39cd | 0.30ab
Nitrobein (Nitro.} 288g :589b {439hc [331le | 610b {471a | 0.19de 0.44 ab 032ab [ 021fg [ 0.44Dbc {0338
Organic manure (O.M.) 445de ; 6.43a [544a [254f |617h |436ab | 023cde | 0.40D 032ab [ 0.14g | 050ab | 0.32ab
G.M. + Nitro. doof 721a |54la |[252f1 691a |472a | 0.19de 052a 036a |016g |053a |035a
GM. + O.M. 225g 1497d | 361de | 450¢cd | 501cd | 4762 |021de |0.26cde [024bc | 0.36cd | 037cd | 0372
Nitro, + O.M. 288g |592b |440bc [324e 517c¢ [421ab (0.16de {039b 0.28ab | 0.22fg | 0.51ab | 0.37a
G.M. + Nitro, + O.M. 411ef | 524cd | 4.68h | 3.16e 461 cd | 189Db {0.28cd 0.34 be 031ab | 0.26ef | 0.34de | 0.30ab

Specific effect

NPK (control) 243b |354b |300b |[161b |234b | 198b |0.13b 021 ¢ 017b |014b [033b |024b
Mpycorrhizae 318a |563a [441a |337a |524a [431a (021a 0.38 ab 030a 025 041a |033a
Azotobacter 337a | 607a 1472a |306a )570a |438a }02la 042 a 032a [021a [046a |034a
Organic manore 342a |S5.64a [{453a (336a |[524a [430a [0.22a 0.35b 029a [ 025a [043a |[0.34a

* H.F.. Haif dose NPK fertilizers.

** F.F.: Full dose NPK fertilizers.

Means followed by the same letter, within each column, are not significantly different for each other at 1% level.
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Table (4): Effect of biofertilization (Mycorrhizae or Nitrobein), organic manure or their
combinations on fertilizer dependency ratio (FDR) % of Nigella sativa plants
_grown under two levels of NPK fertilizers.

Fertilizer dependcy ration % (FDR)

Treatment 2005-2006 2006-2007
H.F.* FF.** Mean H.F.* F.F.** Mean

Control 0.00] 0.00 0.00f 0.00] 0.00] 0.00 ¢
g’:c"‘r;‘:amus Gy | 3927hi | 71468 | 5837c | 9se0f | T2s8g | 8429c
Nitrobein (Nitro.) 54.62h | 11545bc | 85.04c | 89.36f |111.36 e | 10036b
%‘ﬁ;‘c MANUre | 118.86b 89.93ef | 104.40b | 45.11h 89.77 f | 67.44d
G.M. + Nitro. 106.63cd | 182.46 a | 144.55a | 123.36 cd | 186.81a | 155.09a
G.M. + O.M. 4798 hi | 90.73ef | 69.36d | 17.59i | 13825b 7792 ¢
Nitro. + O.M. 100.39de | 86.84 fg | 93.62 c | 129.36bc | 179.29a | 154.33 a
G.M.+ Nitro.+ O.M. | 125.88b | 104.81cd | 115.35b | 119.29de | 127.27cd | 123.28b

Specific effect
NPK (control) 0.00c 0.00¢ 0.00c¢ 0.00d 000c¢ 0.00 ¢
Mycorrhizae 7994b | 113.87a 9691b | 88.96b | 131.33b | 110.15b
Azotobacter 06.88a | 12239a | 109.64a | 115.34a | 151.18a | 133.26a
Organic manure 9828 a 93.08 b 0568b | 77.84c | 133.65b | 105.75b

* HLF.: Half dose NPK fertilizers,

** E.F.: Full dose NPK fertilizers.

Means followed by the same letter, within each column, are not significantly different fro each other at 1% level.

3.2, Seed yield/feddan

The results in Table (5) showed that G.
macrocapus fungus with a half dose NPK
fertilizers or G. macrocarpus fungus + Nitrobein
bacteria + organic manure with full NPK gave a
higher significant seed yield per plant or feddan
as compared to the other treatments in both
secasons. On the contrast, the control plants
fertilized with half NPK gave the least yield per
piant or feddan of black cumin plants.

These results agree with the findings of Das
et al. (1991) and Singh et al. (1999) on the effects
of chemical fertilizers N and P on Nigella sativa
plant yield, Srivastava er al. (2002) on organic
manure fertilizers and mycorrhizal fungi with
citrus trees. Also, Saraf and Tiwari (2004) stated
that 75% NPK + FYM at 10 t/ha + biofertilizers
(Azotobacter + phosphate solubilizing bacteria)
treatment recorded the highest values for No, of
fruits/plant, fruit length, fruit diameter, fruit
weight, seed number per fruit, seed weight/fruit
and seed yield for both the main and ratoom crops
of muskdana plants.

3.3. Total seed oil percentage

The results in Table (6) showed that G.
macrocarpus fungus with half NPK treatment or
mycorrhizal fungus + Nitrobein with half NPK
gave the highest significant values of seed oil
percentage as compared to the other treatments.

While, the least value of seed total oil percentage
was observed with the control plants fertilized
with half NPK.

Moreover, the  biofertilization  with
endomycorrhizae or Nitrobein (Azotobacter) as
well as organic fertilization with cattie manure for
Nigella sativa plants induced highly significant
values of seed oil percemtage more than
uninoculated plants fertilized only with chemical
NPK. Also, mycorrhizal fungus treated plants and
fertilized with half NPK produced higher seed oil
percentage comparing with the analogous ones
(mycorrhizal plants) with full NPK treatments.

The obtained results on black cumin plants
are in agreement with the findings of Akath Singh
and Singh (2004} who found that the treatment of
three-fourth dose N + full dose P + 20 g
Azotobacterftree of olive trees gave the highest
increase in oil content of fruits, Also, Khalid et al.
(2005) reported that celery plants treated with S
and  S-oxidizing  bacteria  (Thiobacillus
thiooxidans) increased total fixed and essential oil
contents than the control plants.

Generally, the combination of organic and
biofertilizers under half dose of NPK resulted in
beneficial effects on increasing seed yield. This
might allow the reduction of chemical fertilization
saving money and biohazard environment
pollution.
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Table (5): Effect of biefertilizatlon (Mycorrkizae or Nitrobein), organic manure or their combinations on the yield of plant () and yield/feddan (kg) of

seed Nigella sativa plants grown under two levels of NPK fertilizers.

The seed yield of plant (g) The seed yield/feddan (kg)
Treatments 2005-2006 2006-2007 2005-2006 2006-2007

HF.* FE* | Mear | HF* | FF.** Mean | HF* | FF* | Mean | HF* | FF* | Mean
Control 2916 ¢ 36251 |3271t | 3010n | 3.920¢ 3465¢ |1680j ]2088i |1884e |173.41 | 2258h | 199.6e
Glomus macrocarpus (G.M.) | 5.875ab 5416bc | 5.646ab | 6800a | 5810cd 6.305a 3384bc | 312.0de | 3252a |391L7a 3347de | 363.2a
Nitrobein (Nitro.) 4583de | 4.083cf |4333e | 5.020e | 4200fg | 4.660cd | 2640g | 2352h | 249.6d [ 280.2f |2477g | 2685¢
Organic manure (O.M.) 3750 4500 |4125¢ |4200g | 4200g 4200d | 2160hi |2592g |237.6d |241.9gh | 24L9gh | 24194
G.M. + Nitro. 5000cde | 5583b | 5292bc |5.600d |5700cd | 5.650b | 2880f |32L6cd |3048b |322.6¢ |3283e |3255b
G.M. + OM. 3.8331 5.958ab | 4.896cd | 4.800ef | 6.100bcd | 5450b | 2200hi | M3.2b | 2820c |2765f {35Ldcd | 3139b
Nitro, + O.M. 5.041cd | 39167 | 4.479de | 5.600d | 4.010g 4805¢c | 2904ef |2256hi |258.0d | 322.6e | 2310gh | 2768¢
GM. + Nitro. + OM, s33c | eana |sama | 9200 lgso0an | e3s0a | 3072der |3648a | 336.0a |357bc | 374dab | 36582

Specific effect

NPK (control) 2916 ¢ 3625¢ (3271c [3010b [3920c |3465¢ |1680c [2088c {1884c |173.4c |2258c | 1996¢
Mycorrhizae 5.010a 5823a |5417a 58502 |6028a |5939a |2886a ! 3354a |3120a |3370a |3472a2 |3M21a
Axotobacter 4989ab | 4979b |4984ab |5.605a |5103b |5354b | 2874a |2868b | 287.1b |3229a |2954p | 30921
Organic manure 4.489b 5177ab | 4833b |5200a |5203b |520Zb | 2586b | 2082b | 2784b {2995b | 299.7b | 299.6D

* H.F.: Half dose NPX fertilizers,

** F.F.: Full dose NPK fertilizers.

Means followed by the same letter, within each column, are not significantly different for cach other at 1% Jevel.
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Table (6): Effect of biofertilization {Mycorrhizae and Nitrobein) and organic manure on seed oil
(%) of Nigella sativa plants grown under two levels of NPK fertilizers.

Total seed oil (%)

Treatment 2005-2006 2006-2007

H.F.* F.F ** Mean H.F.* F.F.** Mean
Control 2498¢ | 2567g | 2533e 25,18 2718 | 26.18 e
‘g"g&" Macrocarpis | 3g21a | 30.85cde | 34.53ab | 37.71ab | 32.35 fg | 35.03ab
Nitrobein (Nitro.) 31.40bed | 30,34 cde | 30.87¢ 3215 fg | 31.50fg | 31.83cd
Organic manure (O.M.) 2731fg 129.19def | 2825d 2880 hi 30.82ph ; 29.81d
G.M. + Nitro. 3946a 33.37b 36.42a 38.65a 3516cd | 3691a
G.M. + O M. 3294 be | 32.12bc | 32.53bc | 33.56def | 34.60 cde | 34.08 abc
Nitro. + O.M. 28.42 ef 33.94b 31.18¢ 30.18 gh | 35.62cde | 32.90bc
G.M. + Nitro. + OM. 31.94 be 33.78b | 32.86bc | 32.87cfg | 36.28bc | 34.58 abc

Specific effect

NPK (control) 2498 ¢ 2567b [2533b {25.18¢ 27.18b [ 26.18b
Mycorrhizae 35.64 a 32.53a 34.09a 35.68 a 34.60a 35.14a
Azotobacter 3281ab [3286a 32.84a 32.18b 34.64a 3341a
Organic manure 30.15b 3226a (3121a {31.34b 3433a [3284a

* H.F.: Half dose NPK fertilizers.  ** F.F.: Full dose NPK fertilizers.
Means followed by the same letter, within each column, are not significantly different for each other at 1% level.
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