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ABSTRACT: The safe production (chemical-free) of medicinal and aromatic plants has
been the focus of interest of various researchers worldwide. Therefore, the aim of this
experiment was to study the effect of humic acid (HA) and some bio-fertilizers on growth,
seed yield and oil content of black cumin (Nigella sativa L.). Plants were foliar sprayed
with HA at 100, 200 and 400 mg/L while control plants were sprayed with tap water. The
bio-fertilizers used in this study were nitrogen fixing bacteria (Bio 1) that consists of
Azotobacter chroococcum + Azospirillum brasilense, phosphate solubilizing bacteria
(Bio 2) which consists of Bacillus megatherium var. phosphaticum + Bacillus polymyxa
and the mixture of (Bio 1 + Bio 2) as a combination treatment. Plants were not received
any bio-fertilizers were set as a control. The growth characters (plant height, branch
number and fresh and dry weight per plant), seed yield components (capsule number,
seed yield per plant and fed.) were significantly enhanced due to HA and/or biofertilizers
treatments relative to the control. In all investigated parameters, the combined treatment
of two biofertilizers (Bio 1 + Bio 2) was superior to solely application. Applying HA at 400
mg/L had no impact on growth and yield compared with 200 mg/L. The highest seed yield
was recorded by the combined treatment of HA at 200 mg/L and the mixture of Bio 1 +
Bio 2. The volatile oil percentage and yield were also improved by applying HA and/or
biofertilizers treatments and the same trend was observed for fixed oil as well. Moreover,
the GC-MS analysis of volatile oil indicated that the main constituents were also affected
by HA and/or biofertilizers applications. Generally, the combination between HA and the
mixture of biofertilizers increased the percentages of the main components compared to
untreated plants. Furthermore, the N, P, K, total chlorophyll and carbohydrates were
significantly increased due to HA and/or biofertilizer treatments relative to the control. To
reduce the use of chemical fertilizers, minimize the production cost, improve soil
structure, increase the quality of black cumin seeds and oils, the combined treatment of
HA at 200 mg/L and the mixture of Bio 1 + Bio2 was recommended.
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INTRODUCTION Kar, 2012). Black cumin seeds have

Black cumin (Nigella sativa L.), several activities such as anthelmintic,
belongs to Ranunculaceae family, is insecticidal, antibacterial, antifungal,
mainly cultivated for the production of antimalarial and antitumor. Additionally,
seeds and volatile as well as fixed oils. the seeds are reported to have diuretic,
The black cumin oil has several uses for antispasmodia, carminative, antiseptic
pharmaceutical and food industries and digestive properties (Ali et al., 2008).

(Ustun et al., 1990). The seeds are used
for producing the seed cake, a by-
product, obtained by cold pressing for
using in the bio-oil production (Sen and

Increasing the production of medicinal
plants worldwide became an ultimate
goal to avoid the side effects chemical
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therapy on human health (Hassan et al,
2012). One of the main factors that affect
the production of medicinal plants is
fertilization. Several constraints have
been raised due to chemical fertilizers
applications such as deterioration of soil
fertility, increasing the production cost
and adverse effects on the environment
and public health (Boraste et al., 2009).
Reducing pollution practices is very
critical factor in sustainable agriculture
and using bio-stimulants compounds is
an important way to lessen soil pollution
(Fawzy et al., 2012).

Recently, several reports focused on
humic acid (HA) in various fields such as
fertility, soil chemistry, environmental
sciences and plant physiology due to the
multiple roles that HA can effectively
enhance the plant growth and nutrient
uptake (Paksoy et al, 2010). HA is a
principal constituent of humic
substances that are the main organic
component of soil (Sani, 2014). It has
been found that HA considerably
increased the soil organic matter which
enhance the plant growth and production
(Mahmoud and Hafez, 2010). HA contains
many elements that improve the soil
fertility and enhance the availability of
nutrient elements by holding them on
mineral surfaces and, therefore, improve
plant growth and yield (Abdel-Razzak,
and El-Sharkawy, 2013). HA is complex
substance derived from organic matter
decomposition and has a relevant role in
the cycling of many elements in the
environment and in soil (Senesi et al,
1996). Foliar applications of HA promote
the growth and increase the yield and

quality in several species through
increasing nutrient uptake, serving as a
source of mineral nutrients and
regulating the nutrient release (Karakurt
et al, 2009; Bakry et al, 2015).
Furthermore, HA influence the amount of
sugars, respiration process, nitrate

accumulation and amino acids (Boehme
et al., 2005).
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Bio-fertilizer compounds increase the
population of soil microorganisms,
especially in the surface layer of root
rhizosphere, which create substances
that stimulate plant growth (Awad, 2002).
The positive effects of rhizobacteria on
growth are not only due to nitrogen fixed
in the rhizosphere, but also related to

synthesize antibiotics and growth-
promoting substances including
phytohormones. Also, some

rhizobacteria has an ability to solubilize
phosphates (Hassan et al., 2012; Ali and
Hassan, 2014). Several investigators
reported the positive effect of bio-
phosphatic fertilization such as Hellal et
al. (2011) on dill and Ali and Hassan
(2014) on black cumin. The mixed
treatment of nitrogen fixing bacteria and
phosphate solublizing bacteria resulted
in the maximum increase in most of the
growth and yield parameters of several
medicinal and aromatic plants (Helal et
al. 2011; Akhani et al. 2012; Sokhangoy et
al. 2012; Hassan et al. 2012; Kahil et al.,
2017).

Although HA and biofertilizers are
reported to enhance the plant production,
little is known about the interactive
effects of both of them on growth and
secondary metabolites accumulation in
medicinal plants. Indeed, few
investigations have been conducted so
far to assess the interaction between HA
and biofertilizers on black cumin plants.
Therefore, the aim of this experiment was
to study the effect of HA, some
biofertilizers and their interactions on the
growth, seed yield and oil content of
black cumin.

MATERIALS AND METHODS
1. Plant materials

This study was carried out at Faculty
of Agriculture, Menoufia University,
Shibin El-Kom (30°33'24.8"N
31°00'51.3"E) during 2016/ 2017 and
2017/2018 seasons. After preparing the
experimental soil, it was divided to 1.8 x
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1.8 m plots that contained three rows and
each row had 6 hills (22222 plants/fed).
The seeds were sown on October 1% in
both seasons. The plants were thinned
out after four weeks to remain one plant
per hill. The physical properties of used
soil were (14.29 % sand, 40.13 silt, 45.58
clay). The chemical properties of soil
were (pH, 7.98, OM, 0.17 %, EC, 1.30
dsm™, S042, 44.49 (meqL'), Na*, 2.17
(meqL'), Ca*?, 42.11 (meqL-'), HCO3, 2.03
(meqgL™), CI', 0.48 (meqL™), total N*, PO43,
K* were 0.18, 0.032 and 0.036 %,
respectively). When required, the other
cultural practices needed during the
growth were done.

2. Humic acid (HA) treatment

Potassium humate (85% humate and
15% potassium) was used as a source of
HA, which dissolved in tap water to
prepare the levels of 100, 200 and 400
mg/L. The plants were foliar sprayed
with HA for three times. The first one was
after two months from planting and the
treatment was repeated twice at monthly
intervals. Control plants were sprayed
with tap water.

3. Biofertilizers treatment

The biofertilizers used in this study
were: nitrogen fixing bacteria (Bio 1)
containing [ Azotobacter chroococcum
(2.2x10° celllcm® +  Azospirillum
brasilense  (1.7x10° cellicm®] and
phosphate solubilizing bacteria (Bio 2)
containing [Bacillus megatherium var.
phosphaticum (4.2 x 10° celllcm® +
Bacillus polymyxa (3.7 x 10° celllcm?®)]
and the mixture between them as a
combination treatment (Bio 1 + Bio 2).
Control plants were not treated with any
biofertilizers. The seeds wer inoculated
with the biofertilizer suspentios for 30
minutes before planting. Additionally, the
soil was also inoculated with
biofertilizers at side root zones after 6, 9,
and 12 weeks from planting (Ali and
Hassan, 2014) and immediately irrigated.
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The HA and biofertilizers treatments were
arranged in a split plot design in a
randomized complete block design with
three replicates. The HA treatments were
randomly distributed in the main plot
while the sub-plots were occupied with
biofertilizer treatments.

4. Growth and
characters
At harvesting stage (on April 28™,
2017 and May 10%, 2018), random
samples of ten plants were collected
from each plot for determining the
following characters i.e. plant height
(cm), number of main branches/plant,
plant fresh and dry weight (g/plant),
capsule number/plant, seed yield/plant

(g9) and seed yield/fed (Kg).

seed yield

5. Percentage of volatile and fixed
oils determination
Seed volatile oil was extracted using
hydro distillation method as described by
British Pharmacopoeia (1963) by the
following equation:

Volatile oil percentage = oil volume in the
graduated tube/weight of sample x 100.

Samples of 50 g were milled (just
before distillation) and were put directly
in extraction units. The percentage of
volatile oil was assessed and the oil yield
(plant and fed.) was calculated.
Anhydrous sodium sulfate was used for
volatile oil drying then the oil was stored
in dark and cool conditions till GC-MS
analysis.

However, fixed oil was estimated by
Soxhlet apparatus using petroleum ether
(BP 40-60°C) as solvent according to the
Association of Official Agricultural
Chemists (A.0.A.C. 1980).

6. GC-MS analysis of volatile
Samples of volatile oil from the
second season were performed using a
Hewlett-Packard 5890 A series 11
instrument equipped with flame

MUJAREG@GMAIL.COM

http://mu.menofia.edu.eg/agr/agr_smag2/Home/ar
Menoufia Journal of Plant Production (ISSN 2357-0830)



Ragia M. Mazrou

ionization detector (FID) and a carbon
wax fused silica column (50 m x 0.25 mm.
i. d., film thickness 0.32 pm). Helium was
used as the carrier gas with a flow rate of
3 mL/min. Initial oven temperature 40 °C
was held for 2 min, then programmed to
rise from 40 to 190 °C at rate of 4 °C/min
and the run time was 35.60 min. Volatile
oil sample of 1 pL (spilt ratio 1:30) was
injected manually. Peak area percentages
were calculated with a Hewlett—-Packard
3396 integrator. The components of
volatile oil were identified by comparing
the mass spectrum and retention times
with those of standards, NIST library of
the GC-MS system and literature data.

7. Nutrient elements investigation

Black cumin herb samples were oven
dried at 70 °C for 48 hours. Then,
samples were milled to obtain suitable
material for nutrient analysis. Samples
(0.5 g) were digested in sulphuric and
perchloric acids method (Piper, 1967;
Jackson, 1978) for mineral content
analysis. The micro-Kjeldhl method was

used for Nitrogen determination
according to Black et al. (1965),
phosphorus were colorimetrically

assessed using the stannous chloride
phosphomolibdic-sulforic acid system
and measured at 660 nm as described by
Jackson (1978), while flame photometer
was used for potassium measurement
(Jackson, 1978).

8. Chlorophyll determination

The chlorophyll content in the leaves
was assessed according to Metzner et al.
(1965) method. The total chlorophyll was
recorded as mg/g fresh weight.
9. Total

assessment

Total carbohydrate percentages were
determined in leaves. Samples were dried
in an electric oven at 70 °C for 24 hours
according to A.O.A.C. (1980). Then, the
fine powder was used to determine total
carbohydrate percentages according to
Herbert et al. (1971).

carbohydrates
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10. Statistical analysis

The obtained results of each season
were subjected to the analysis of
variance (ANOVA) using SPSS 133
program. Statistical differences were
investigated using LSDs at P < 0.05
probability level (Snedecor and Cochran,
1980)

RESULTS AND DISCUSSION
1. Vegetative growth characters

It is very clear from data in Table (1)
that the plant height, number of
branches/plant and fresh as well as dry
weights were considerably increased due
to applying different HA levels compared
to the control in both seasons. The
increment in the abovementioned growth
characters were gradual till 200 mg/L
however, the highest level (400 mg/L) did

not cause any significant increase
relative to 200 mg/L level. Applying
biofertilizers treatments i.e. nitrogen

fixing bacteria (Bio 1) or phosphate
solubilizing bacteria (Bio 2) also
significantly the growth attributes of
black cumin compared to untreated
plants. Otherwise, there were no
significant differences between Bio 1 and
Bio 2 in this respect however; the mixture
of both treatments (Bio1 + Bio 2) resulted
in the highest values of growth
characters. The combined treatment
between HA and biofertilizers was very
effective in improving the growth of black
cumin and the highest values of growth
attributes were obtained by the combined
of HA at 200 mg/L and Bio1 + Bio 2
treatment in both seasons.

Improving the growth of black cumin
due to HA application may be ascribed to
the role of HA in improving soil physical
and chemical characteristics which
increase the nutrient mineral adsorption
(Bakry et al, 2015). Additionally,
potassium humate has beneficial effects
on nutrient uptake and also for the
transport and the availability of micro-
nutrients required for optimal growth and
development (Karakurt et al, 2009).
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Moreover, HA has found to be effective in
increasing IAA which stimulates cell
division and/or the cell elongation that
reflected in improving the plant growth
(Abdel Mawgaud ef al., 2007; Bakry et al.,
2015). Furthermore, HA led to improve
the growth of root system which leads to
increase the shoot system (Garcia, et al,,
2008). Similar trend has been reported by
Mohammadipour et al. (2012) and Sani
(2014).

The promotion effect of biofertilizers
on plant growth could be explained
through the role of non-symbiotic N2-
Fixing bacteria and phosphate
solubilizing in the synthesis of
phytohormones, N2 fixation, reduction of
membrane potential of the root,

synthesis of some enzymes (such as
ACC deaminase) that modulate the level
of plant hormones as well as the
solubilization of inorganic phosphate and
mineralization of organic phosphate,
which make phosphorus available to the
plants (Rodriguez and Fraga, 1999).
Moreover, biofertilizers have a great
tendency to produce substances such as
Gibberellins, Indole acetic acid (IAA),
vitamin B complex and these growth
hormones have a great potential to
increase the plant growth and
development (Yasin ef al. 2012). Such
promotion effects of biofertilizers on
medicinal and aromatic plants have been
reported (Hellal et al. 2011; Hassan and
Ali, 2013; Kahil et al., 2017).

Table 1. Effect of humic acid, biofertilizers and their combination on vegetative growth

characters of black cumin during 2016/2017 and 2017/2018 seasons

Treatments Plant Branch Fresh Dry | Plant Branch Fresh  Dry
Humic [Biofertilizers height number weight weight | height number weight weight
acid (HA) (B) (cm) /plant (g/plant) (g/plant)| (cm) /plant (g/plant) (g/plant)

2016/2017 season 2017/2018 season

Control 3475 7.56 57.98 18.72 | 33.88 7.48 56.82 18.35

Bio 1’ 39.52 9.22 60.78 19.01 | 38.57 8.98 59.56 18.62

Control | Bio2r |37.81 911 6131 1932 | 37.67 9.02 60.08 18.93

Bio 1+Bio 2| 43.67 10.76  63.23 19.91 | 42.75 10.66 61.96 19.51

Control 36.45 8.78 59.51 18.77 | 36.33 8.72 58.31 18.39

Bio 1’ 4218 10.33  62.81 19.08 | 42.41 10.13 61.55 18.70

100 mg/L Bio 2 41.82 10.52 63.24 20.04 | 41.57 10.33 61.98 19.64

Bio1+ Bio 2| 47.94 11.75 66.83 20.84 | 4768 11.76 65.49  20.42

Control 38.76 9.66 63.26 19.68 | 37.72 9.25 61.99 19.29

200 mgiL Bio 1** 46.55 11.47 67.82 21.33 | 46.12 11.22 66.46  20.90

Bio 2 45.67 11.36 68.84 2211 | 4548 11.41 67.46  21.67

Bio 1+ Bio 2| 52.13 12.88 73.89 23.04 | 5211 12.78 72.41 22.58

Control 39.42 914 62.01 19.84 | 38.89 9.05 61.95  20.42

400 mg/L Bio 1** 46.75 11.22 67.85 2192 | 46.33 10.98 67.77 21.48

Bio 2 46.33 11.34  68.62 22.08 | 46.64 1114 68.54 22.26

Bio 1+ Bio 2| 51.64 1236 72.67 2272 | 51.22 12.22 7255 22.35

LSD 0.05 HA 1.87 0.69 2.34 1.67 1.85 0.66 2.29 1.62

B 1.79 0.61 2.1 1.07 1.76 0.59 1.99 1.03

HAXB| 2.36 0.84 2.88 1.89 2.34 0.81 2.69 1.82

‘Bio 1 means nitrogen fixing bacteria (mixture of Azotobacter chroococcum and Azospirillum
brasilense), Bio 2 means phosphate solubilizing bacteria (mixture of Bacillus megatherium var.

phosphaticum and Bacillus polymyxa).
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2. Seed yield components

The individual application of HA or
Biofertilizers significantly enhanced the
seed yield components of black cumin
compared to the untreated plants. The
capsule number/ plant and seed yield
(per plant or fed.) were increased with
increasing HA level till 200 mg/L while
increasing the dose thereafter did not
add any impact in both seasons of study
(Table 2). The biofertilizer treatments also
increased the seed yield whether they
were separately applied or in
combination relative to the control. The
mixture of Bio 1+ Bio 2 recorded higher
seed yield relative to the solely
application in both experimental
seasons. The interaction between HA and
biofertilizers recorded the highest seed
yield of black cumin and the best
treatment was HA at 200 mg/L and Bio1 +
Bio 2 treatment in both seasons. By
applying this treatment the seed yield/fed
was increased by 93.67 and 92.87 % over
than the control in the first and second
seasons, respectively. These results
could be explained through the effective
role of HA in improving the growth of
black cumin which reflected in increasing
the seed yield. ElI-Sharkawy and Abdel-
Razzak (2010) found that HA contains
plant hormone-like material (cytokinins)
which possibly led to keep nutrient
balance that in turn enhances the growth
and yield. In accordance with these
results, several reports proved the yield
increase due to HA (Abdel-Razzak and El-
Sharkawy, 2013; Bakry et al., 2015).
Biofertilizers also improved the seed
yield attributes and this improvement is a
logic result because of the positive
effects of HA in the growth. Similar
results have been documented (Akhani et
al., 2012; Hassan et al., 2012; Ali and
Hassan, 2014).
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3. volatile and fixed oil content in

the seeds

Data presented in Table (3) indicate
that the volatile oil percentage and yield
(per plant and fed) were progressively
and significantly enhanced by HA
application compared to the untreated
plants in both experimental seasons. The
treatment of 200 mg/L recorded the
highest volatile oil yield and a slight
decrease was observed thereafter when
400 mg/L was applied. The separate
application of nitrogen fixing bacteria
(Bio 1) or phosphate solubilizing bacteria
(Bio 2) considerably increase the volatile
oil yield compared to the control in both
seasons of study. Otherwise, the
combined biofertilizers treatment (Bio1 +
Bio 2) was superior to the solely
application. The impact of HA and
biofertilizers on volatile oil yield was
clearly observed by the interaction
treatments since the oil yield was
maximized. The treatment of HA at 200
mg/L and Bio1 + Bio 2 recorded the
highest volatile oil yield in the two
experimental seasons. The volatile oil
yield/fed was increased by 203.13 and
212.26 % relative to the untreated plants
in 2016/2017 and 2017/2018 seasons,
respectively. The same trend was
observed concerning the fixed oil content
of black cumin seeds and the results go
in the same direction of volatile oil (Table
4). HA and biofertilizers increased the
fixed oil content wheather applied as a
separate or interaction treatment,
however the interaction had a higher
impact in both seasons. The fixed oil
yield was maximized when the treatment
of HA at 200 mg/L and Bio1 + Bio 2 was
applied in the two experimental seasons.
The current results are in agreement of
Noroozisharaf and Kaviani (2018) on
Thymus vulgaris and Aiyafar et al. (2015)
Nigella sativa who reported that HA
improved the volatile oil content.
Moreover, increasing the fixed oil due to
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HA application has been documented
(Bakry et al., 2015). The promotion effect
of biofertilizers on volatile oil content has
been previously documented (Hassan
and Ali, 2013; Ali and Hassan, 2015).
Biofertilizers application increased the
uptake of phosphorus which is a main

constituent of phospholipids,
phosphoproteins, nucleic acids and
coenzymes. Adenosine triphosphate

(ATP) is the most important compound in

which phosphate group one linked by
pyrophosphate bonds. The energy
absorbed during photosynthesis or
released during respiration is utilized in
the synthesis of the pyrophosphate
bounds in ATP. In this form, the energy
can be conveyed to various undergoing
processes such as activation uptake and
the synthesis of various organic
compounds such as volatile oil (El-
Ghadban et al., 2003).

Table 2. Effect of humic acid, biofertilizers and their combination on seed yield
components of black cumin during 2016/2017 and 2017/2018 seasons

Treatments Capsule Seed Seed Capsule Seed Seed
Humic Biofertilizers | number/p  yield yield number/ yield yield
acid (HA) (B) lant (g/plant) (kg/fed) plant (g/plant) (kg/fed)

2016/2017 season 2017/2018 season
Control 14.48 7.58 168.44 | 13.87 7.43 165.11
Bio 1 16.66 8.12 180.44 | 16.23 8.08 179.55
Control .
Bio 2 17.92 8.08 179.55 | 18.79 8.04 178.66
Bio 1+ Bio 2 19.37 8.79 195.33 | 19.11 8.67 192.66
Control 16.87 8.92 198.22 | 16.69 8.85 196.66
Bio 1 19.65 9.16 203.55 | 19.34 9.05 201.11
100 mg/L .
Bio 2 19.72 9.48 210.66 | 19.66 9.33 207.33
Bio 1+ Bio 2 23.33 9.96 221.33 | 22.98 9.75 216.66
Control 19.88 9.80 217.78 | 19.91 9.66 214.66
Bio 1 22.18 11.12 24711 | 2219 10.98 244.00
200 mg/L .
Bio 2 22.36 12.96 288.00 | 22.41 12.72 282.66
Bio 1+ Bio 2 27.59 14.68 326.22 | 27.49 14.33 318.44
Control 18.96 9.37 208.22 | 18.25 9.54 212.00
Bio 1 21.38 10.98 244.00 | 21.48 10.76 239.11
400 mg/L .
Bio 2 21.86 12.81 284.66 | 21.77 12.66 281.33
Bio 1+ Bio 2 26.75 14.62 324.89 | 26.38 14.11 313.55
LSD 0.05 HA 1.64 0.39 9.73 1.62 0.37 9.68
B 1.48 0.32 8.84 1.45 0.30 8.76
HA X B 1.92 0.51 10.91 1.95 0.49 10.02

‘Bio 1 means nitrogen fixing bacteria (mixture of Azotobacter chroococcum and Azospirillum
brasilense), Bio 2 means phosphate solubilizing bacteria (mixture of Bacillus megatherium var.

phosphaticum and Bacillus polymyxa).
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Table 3. Effect of humic acid, biofertilizers and their combination on volatile oil content of
black cumin during 2016/2017 and 2017/2018 seasons

Treatments o . L ]
Volatile Volatile oil Volatile Volatile Volatile oil Volatile
Humic Biofertilizers| o (%) yield oil yield oil (%) yield  oil yield
acid (HA) B) (mL/plant) (L/fed) (mL/plant) (L/fed)

2016/2017 season 2017/2018 season

Control 0.23 0.017 0.387 0.21 0.016 0.347
Bio 1 0.27 0.022 0.487 0.26 0.021 0.467
Control
Bio 2" 0.28 0.023 0.503 0.27 0.022 0.482

Bio1 +Bio 2 0.30 0.026 0.586 0.29 0.025 0.559

Control 0.24 0.021 0.476 0.23 0.020 0.452
Bio 1 0.29 0.027 0.590 0.28 0.025 0.563
100 mg/L
Bio 2 0.30 0.028 0.632 0.29 0.027 0.601

Bio1 +Bio 2 0.32 0.032 0.708 0.31 0.030 0.672

Control 0.26 0.025 0.566 0.24 0.023 0.515
Bio 1 0.31 0.034 0.766 0.29 0.032 0.708
200 mg/L
Bio 2 0.33 0.043 0.950 0.32 0.041 0.905

Bio1 +Bio 2 0.36 0.053 1.174 0.34 0.049 1.083

Control 0.26 0.024 0.541 0.25 0.024 0.530
Bio 1 0.30 0.033 0.732 0.29 0.031 0.693
400 mg/L
Bio 2 0.32 0.041 0.911 0.30 0.038 0.844

Bio1 +Bio 2 0.35 0.051 1.137 0.33 0.047 1.035

LSD 0.05 HA 0.02 0.01 0.13 0.02 0.01 0.11
B 0.01 0.004 0.09 0.01 0.005 0.08
HAXB 0.05 0.02 0.24 0.04 0.02 0.21

‘Bio 1 means nitrogen fixing bacteria (mixture of Azotobacter chroococcum and Azospirillum
brasilense), Bio 2 means phosphate solubilizing bacteria (mixture of Bacillus megatherium var.
phosphaticum and Bacillus polymyxa).
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Table 4. Effect of humic acid, biofertilizers and their combination on fixed oil content of
black cumin during 2016/2017 and 2017/2018 seasons

Treatments
Fixed oil Fixed oil Fixed oil| Fixed oil Fixed oil Fixed oil
. i il ield yield yield yield
Humic |Biofertilizers (%) yie (%)
acid (HA) (B) (mL/plant) (L/fed) (mL/plant) (L/fed)
2016/2017 season 2017/2018 season
Control 24.57 1.86 41.39 23.88 1.77 39.43
Bio 1 25.67 2.08 46.32 24.95 2.02 44.80
Control
Bio 2 25.54 2.06 45.86 24.86 2.00 44.42
Bio1+Bio2| 25.89 2.28 50.57 25.73 2.23 49.57
Control 2511 2.24 49.77 24.92 2.21 49.01
Bio 1 26.87 2.46 54.69 26.77 242 53.84
100 mg/L
Bio 2’ 26.92 2.55 56.71 26.81 2.50 55.59
Bio1+Bio2| 27.13 2.70 60.05 27.04 2.64 58.59
Control 26.15 2.56 56.95 26.05 2.52 55.92
Bio 1 27.81 3.09 68.72 27.77 3.05 67.76
200 mg/L
Bio 2 27.93 3.62 80.44 27.86 3.54 78.75
Bio1+Bio2| 28.12 413 91.73 28.07 4.02 89.39
Control 25.93 243 53.99 25.79 2.46 54.67
Bio 1 27.78 3.05 67.78 27.66 2.98 66.14
400 mg/L
Bio 2’ 27.83 3.57 79.22 27.78 3.52 78.15
Bio1+Bio2| 28.08 4.1 91.23 28.02 3.95 87.86
LSD 0.05 HA 0.82 0.112 5.44 0.81 0.13 5.38
B 0.65 0.083 4.58 0.64 0.07 4.39
HAXB 1.03 0.159 6.67 1.01 0.24 6.56

‘Bio 1 means nitrogen fixing bacteria (mixture of Azotobacter chroococcum and Azospirillum
brasilense), Bio 2 means phosphate solubilizing bacteria (mixture of Bacillus megatherium var.
phosphaticum and Bacillus polymyxa).

4. Volatile oil constituents components were a -pinene, P-Cymene,

Eleven components were detected y-terpinene, limonene, caryophylene,
and defined by GC-MS analysis of black borneol, thymoquinone, trans-anethol,
cumin seed volatile oil. These carvone, thymol and eugenol (Table 5).

The main volatile oil components were
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thymoquinone, trans-anethol and
carvone. Interestingly, HA  and/or
biofertilizers treatments positively affect
the volatile oil components. In general,
the highest values of volatile oil
components were observed when the
treatment of HA at 200 mg/L and Bio1 +
Bio 2 was applied. These results
supported the previous findings of
Aiyafar et al. (2015) on Nigella sativa and

Noroozisharaf and Kaviani (2018) on
Thymus vulgaris who found that HA had
a great effect on improving the volatile oil
constituents and increased the main
components detected in volatile oil.
Improving the volatile oil constituents
due to biofertilizers treatment has been
reported (Hellal et al., 2011; Hassan et al.,
2012; Ali and Hassan, 2014).

Table 5. Effect of humic acid, biofertilizers and their combination on the main
components of black cumin volatile oil
o Q e
Treatments o 0 % 0 s _ § 2 o _ _
5 Q c [ =3 8 = 2 [ ] g
Humic |. . g E£E & £ € € T < ¢ E o
. |Biofertilizers| & > 3 g e 5 © bE 2 P
acid B rooo 8 E > m g e S = o
Control 122 6.45 414 6.21 216 6.47 20.40 11.35 9.98 297 5.33
Bio 1" 1.25 6.51 419 6.37 2.21 6.56 20.88 11.58 10.14 3.10 5.51
Control
Bio 2° 1.24 6.55 418 6.34 223 659 21.2 11.54 10.32 3.14 5.59
Bio 1+ Bio 2| 1.27 812 449 6.65 2.35 6.63 21.92 1198 10.66 3.22 568
Control 113 6.67 4.01 6.51 215 6.46 21.44 11.43 1011 3.14 5.38
100 Bio 1 115 755 440 6.80 2.25 6.77 23.37 12.40 10.29 3.25 5.54
mg/L Bio 2° 112 768 448 7.03 2.23 6.96 23.90 12.39 10.62 3.34 5.58
Bio1+ Bio2(1.18 7.89 464 7.54 246 7.04 2511 12.78 10.75 3.56 5.85
Control 120 6.71 412 6.50 218 6.63 21.61 12.24 10.61 3.28 5.41
200 Bio 1 1.22 8.24 494 6.82 246 6.89 24.67 12.88 10.98 3.39 5.72
mg/L Bio 2° 1.21 821 519 6.96 247 7.27 2516 12.73 11.40 3.42 5.73
Bio 1+ Bio2|1.28 8.89 538 8.25 2.71 7.54 26.55 13.14 11.63 3.67 5.91
Control 121 6.70 425 761 230 682 219 12.23 10.74 3.54 548
400 Bio 1 115 8.22 474 812 266 7.47 25.05 12.79 11.72 3.77 5.63
mg/L Bio 2’ 1.21 8.21 524 8.25 264 7.89 26.87 12.68 11.85 3.75 5.68
Bio 1+ Bio2|1.29 8.81 6.11 10.41 3.25 9.10 29.65 12.89 12.15 4.19 594

‘Bio 1 means nitrogen fixing bacteria (mixture of Azotobacter chroococcum and Azospirillum
brasilense), Bio 2 means phosphate solubilizing bacteria (mixture of Bacillus megatherium var.
phosphaticum and Bacillus polymyxa).
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5. Chemical analysis (N, P, K,

chlorophyll and carbohydrates)

It is obvious from data in Table (6) that
N, P and K percentages, total chlorophyll
content and total carbohydrates in the
herb increased due to HA application.
The increment was gradual with
increasing HA level till 200 mg/L and
decreased thereafter in both seasons. In
the same direction, biofertilizer
treatments improved the
abovementioned chemical analysis in the
herb compared with the control. Using
the mixture of biofertilizers (Bio 1+Bio 2)
was more effective than individual
application in this respect. The highest
values of chemical analysis were
observed when the interaction between
HA and biofertilizers was applied in both
experimental seasons. The highest
values in this concern were obtained by
the treatment of HA at 200 mg/L and Bio1
+ Bio 2. This treatment maximized N, P
and K percentages, total chlorophyll
content and total carbohydrates in the
herb in both seasons.

Increasing the nutrient content due to
HA treatment are previously reported
(Aiyafar et al., 2015; Noroozisharaf and
Kaviani, 2018). HA is considered to
motivate  microbial activity = which
increased the enhancement of soluble P
and total N content (Busato et al., 2012).
Otherwise, HA plays a role in the nitrate
uptake through interacting with plasma
membrane. Additionally, it can enhance
the solubility of soil P compounds with
its chelating capacity (Pinton et al., 1999).
It has been found that enzymes related to
assimilation pathways (nitrate reductase,
glutamate dehydrogenase and glutamine
synthetase) were incited by HA
application (Hernandez et al. 2015). The
positive effects of HA on chlorophyll
content and total carbohydrates could be
ascribed to an increased in CO:
assimilation and photosynthetic rate
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which increased mineral uptake by the
plant (Ameri and Tehranifar, 2012) and
HA may probably cause an increase in
the chlorophyll synthesis (Bakry et al,
2015). Increasing the photosynthetic
efficiency due to HA treatment led to
enhance biosynthesis of carbohydrates
which are utilized in plant growth (Bakry
et al.,, 2015). Similar positive effects of
HA on chlorophyll and carbohydrates
have been reported (Mohammadipour et
al., 2012; Abdel-Razzak and El-Sharkawy,
2013).

Increasing the microorganisms in the
soil due to biofertilizers also produce
growth promoting substances resulting
in more efficient absorption of nutrients
and consequently N, P and K
percentages were increased (Ali and
Hassan, 2014). In this regard, Rodriguez
and Fraga (1999) found that the non-
symbiotic Nz-fixing bacteria produced
adequate amounts of IAA and cytokinins
with increasing the surface area per unit
root length and enhanced the root hair
branching with an eventual increase on
the uptake of nutrients from the soil.
Additionally, improving the total
chlorophyll and carbohydrates due to
biofertilizers may be due to the role of
cytokinins , which secreted by No-fixers,
in reducing the chlorophyll loss
(Gaballah 1995). In addition, PSB
stimulated chlorophyll synthesis through
encourages pyridoxal enzymes formation
that plays an important role in a-amino
levulinic acid synthetase as a primary
compound in chlorophyll synthesis
(Mahfouz and Sharaf-Eldin, 2007). A
positive correlation between chlorophyll
and carbohydrate has been reported
(Hassan and Ali, 2013). Therefore, the
synthesis of photosynthetic pigments in
leaves may be an induced factor for
carbohydrate synthesis and hence the
carbohydrate percentage was increased
in black cumin herb.
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Table 6. Effect of humic acid, biofertilizers and their combination on nitrogen,
phosphorus, potassium, total chlorophyll and total carbohydrates of black
cumin during 2016/2017 and 2017/2018 seasons

Treatments Total Total Total Total
Chloro- carbo- Chloro- carbo-
H:cT(;c Biofertilizers|N (%) (%) K (%) phyll hy(zor/oa)tes (31 ) P (%) K (%) phyll hy(z o;(a:)tes
) | ® N o
2016/2017 season 2017/2018 season

Control 153 0.22 1.69 0.97 11.14 |1.49| 0.23 | 1.66 | 0.95 11.18

Control Bio 1 159 0.24 1.75 1.02 11.59 |1.52| 0.256 | 1.73 | 0.99 11.62
Bio 2 1.57 0.26 1.77 1.04 11.563 |1.55| 0.26 | 1.75 | 1.02 11.66

Bio1 + Bio 2| 1.68 0.27 1.89 1.17 12.22 |1.63| 0.28 | 1.84 | 1.1 12.31
Control 1556 0.23 1.77 1.03 11.84 |1.54| 0.23 | 1.72 | 0.98 11.78

100 Bio 1 1.66 0.26 1.89 1.19 12.66 |1.63| 0.25 | 1.86 | 1.07 12.71
mg/L Bio 2 164 0.28 1.97 1.21 12.79 |1.64| 0.27 | 1.94 | 1.1 12.74
Bio1+Bio2|1.72 0.30 211 1.27 13.51 |1.70| 0.31 | 2.08 | 1.21 13.57
Control 161 0.29 1.87 1.13 12.63 |1.59| 0.28 | 1.85 | 1.05 12.65

200 Bio 1 1.78 033 224 1.25 14.41 |1.72|1 032 | 219 | 1.15 14.11
mg/L Bio 2 1.75 0.34 227 1.27 14.51 |1.73]| 0.33 | 2.24 | 117 14.19
Bio1 +Bio2|1.84 0.37 239 1.33 15.46 |1.81| 0.36 | 2.36 | 1.22 15.51
Control 159 0.27 185 1.15 12,59 |1.57| 0.27 | 1.81 | 1.03 12.44

400 Bio 1 172 032 223 1.24 14.33 |1.71| 0.31 | 1.20 | 1.12 14.28
mg/L Bio 2 1.73 030 228 1.25 14.48 |1.72| 0.32 | 2.25 | 1.14 14.31
Bio1+Bio2|1.81 0.34 236 1.30 15.36 |1.79]| 0.35 | 2.34 | 1.23 15.29

LSD 0.05 HA 0.15 0.004 0.05 0.051 1.31 |0.14|0.006 | 0.06 | 0.053 1.35

B 0.09 0.003 0.04 0.032 1.07 |0.07|0.004| 0.05 | 0.034 1.09

HA X B 0.22 0.021 0.08 0.061 1.46 |0.24|0.026 | 0.09 | 0.065 1.51

‘Bio 1 means nitrogen fixing bacteria (mixture of Azotobacter chroococcum

and Azospirillum

brasilense), Bio 2 means phosphate solubilizing bacteria (mixture of Bacillus megatherium var.

phosphaticum and Bacillus polymyxa).

Conclusion

It could be concluded that applying
HA and/or biofertilizers promoted the
vegetative growth and increased the seed
yield of black cumin. The volatile and
fixed oils also improved due to HA and/or
biofertilizers application. The volatile oil
constituents were also  positively
affected. To decrease the cost of black
cumin production, improve soil structure,
reducing environmental hazards,
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enhance leveraging agriculture and
obtain seeds with high quality fixed and
volatile oils, the treatment of HA at 200
mg/L combined with the mixture of Bio 1
(NFB) + Bio 2 (PSB) was recommended.
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