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Avrticle Info ABSTRACT

Article type: Background and objectives: Black seed (Nigella sativa L.), is one of
Research Full Paper  the most jmportant species belonging to the Ranunculaceae family,
which has various problems in seed germination. Due to insufficient
embryo development, black seed seeds have a dormant characteristic
that causes non uniform growth of seedlings. Since germination is
considered very important for a healthy seedling crop with appropriate
density and high yield, the use of priming technique as a pretreatment to
improve seed functions is one of the most important recommended
scientific solutions. For this purpose, this experiment was designed and
implemented to investigate the effect of different seed pretreatments on
some quantitative and qualitative traits of black seed in the climatic
conditions of Gorgan.

Article history:
2025-4-19
2025-12-9 Materials and methods: This experiment was carried out in the form of
a randomized complete block design in three replications at the
Agricultural and Natural Resources Research and Education Center of
Golestan Province in the crop year 2021-2022. The experimental
treatments include nine different pre-treatments, such as fertile
phosphate, Phosphorus-Zinc (containing 10% phosphorus and 10%
zinc), Trichoderma fungus (Bioran company), zinc (zinc sulfate),
mycorrhizal fungus (Funneliformis mosseae species), Bioazospire
(containing Azotobacter sp., Azospirillum and Bacillus), Molybdenum
(ammonium molybdate), humic acid (46% ligno-humex) and control.
The amount of seed used in this research was considered to be 2.5 grams
per plot based on the weight of 1,000 seeds and optimal density (100
plants per square meter). The used seed (an Indian variety) was prepared
at the Agricultural and Natural Resources Research and Education
Center of Golestan Province. In this experiment, traits such as the height
of the plant, the height of the first branch, the root length, the total
weight of the plant, the weight of the capsule in the plant, the number of
Keywords: foII_icIes in the capsul(_e, the weight of the seeds in the cgpsule, the total
Antioxidant weight of the seeds in the plant, the percentage of oil, total phenol,
Bioazospire Flavonoids, and antioxidants were measured. Finally, the statistical
Pre-treatment analysis of the data was calculated using SAS statistical software, and
,(\)A')'/f::fhﬁrz';age the average comparison of the data was calculated using the LSD test at
the probability level of one percent.
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Result: The results of this research showed that seed pre-treatment
significantly affected all studied traits except the number of follicles.
The comparison of the average traits showed that the maximum height,
with an average of 77.22 cm, was observed in plants treated with
molybdenum. The maximum height of the first secondary branch (15.16
cm) and the highest amount of antioxidants (66.19 mg/g) were assigned
to pre-treatment with mycorrhizal fungi. The highest weight of the total
plant (17 g), the maximum weight of the capsule in the total plant (8.37
g), the highest weight of the seeds in the capsule (0.22 g), and the
maximum weight of the total seeds in the plant (6.10 g) in fertilizer pre-
treatment Bioazospire were observed. Also, in this research, the
maximum root length (14.44 cm), the highest oil percentage (27.99%),
the highest amount of total phenol (22.53 mg/g), and the maximum
amount of flavonoid (9.33 mg/g) were obtained from pre-treatment with
humic acid. In the simple correlation study of grain yield traits (total
grain weight) with the studied traits, the traits total plant weight (0.78),
capsule weight per plant (0.87) and seed weight per capsule (0.61) had
positive correlation coefficients with grain yield. Also, based on these
results, total phenol (0.97), antioxidant (0.86) and flavonoid (0.86)
showed positive and significant correlation with oil percentage.

Conclusion: The results of this study indicated a significant effect of
seed pre-treatment on all studied traits. Among these pre-treatments,
Bioazospire, humic acid, mycorrhiza, and molybdenum improved
vegetative and functional traits. In general, based on the results of this
research, if the aim is to increase seed yield or oil percentage,
bioazospire and humic acid can be used as seed pre-treatments,
respectively.
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Table 1. Physical and chemical properties of the soil
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Table 2. Analysis of variance of studied traits under different pretreatments

Sl S0
mean squares
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i Root  Height of the i : No. follicle
height : weight weight per
length first branch per capsule
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Block
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G5 JUUPL T
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C.V.(%)

* S
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": Non significant, “and " significant at the 5% and 1% probability levels, respectively.
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Sl e S0k
mean squares
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SOV ] : Sy iy B
weight : Biological henol d antioxid
weight . percent P
per er plant yield age ant
capsule perp
6 * *
* 2 0.00 0.18™ 7025.93™  0.01"™ 0.31 0.00™ 0.01™
Block
‘)L“'S:gj:”&'\'- *%k *k *k Kk *k *k
Pre- 8 0.00 3.02 12184770377 18.27 2.76 0.40 57.05
treatment
slosT las
"“‘E’rr; 16 0.00 0.06 5046.76 0.21 0.08 0.05 0.08
PR 5.9 9.4 9.1 1.9 13 2.5 0.4
C.V.(%)

=
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™: Non significant, ~and ™ significant at the 5% and 1% probability levels, respectively.
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Table 3. Mean comparison of studied traits under different pretreatments
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Treatr;lent Plant height Root length Height of the first plant weight Biological yield
(cm) (cm) branch (cm) (@) (kg.ha™)
G
th | 72.88+0.18"  12.39+0.37° 10.16+0.22" 12.16+0.67% 5550.00+0.35 "
ontro
Yook olad
Fertilizer 69.11£0.29°  13.22+0.27% 9+0.39% 15.39+0.31% 7170.00+0.23 ¢
phosphate 2
SIS 69.55+0.37°  10.66+0.10° 11.28+0.78° 9.57+0.33° 7060.00+0.11 ¢
Phosphorus-Zinc
Los s 5
™ ;’;” 73.27+0.16°  12.16+0.28" 9.78+0.40™ 14.41+0.36™ 8726.67+0.22°
richoaerma
2‘5_” 74.77+0.11%  13.05+0.36%® 14.33+0.27° 12.78+0.38% 6176.67+0.32 ¢
Inc
I oSGle
" ’“{”*h_ 76.50+0.15°  11.83+0.32 15.61+0.09° 11.96+0.47°% 11210.00+0.18 @
ycorrhiza
7
B_’“’”’“ > 75.44+0.09%  12.99+0.16%® 7.05+0.32¢ 17+0.30° 6493.33+0.25 f
10azospire
O
M I"b'("j” 77.23+0.27°  13.44%0.37% 8.22+0.14% 15.83+0.28% 6820.00+0.32 ©
olybdenum
Ko |
, el *"“”_d 74.66+0.10%°  14.44+0.22° 11.44+0.35° 11.81+0.29% 10750.00+2.00°
umic acl
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Mean fallowed by similar letters at each column, are not significantly different at the 5% probability level.
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Figure 1. Mean comparison of capsule weight per plant under different pretreatments (C=Control, P2=
Fertilizer phosphate 2, P-Z= Phosphorus-Zinc, T= Trichoderma, Zn= Zinc, Gm= Mycorrhiza, Az=
Bioazospire, Mo= Molybdenum, Ha= Humic acid)
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Figure 2. Mean comparison of seed weight per capsule under different pretreatments (C=Control, P2=
Fertilizer phosphate 2, P-Z= Phosphorus-Zinc, T= Trichoderma, Zn= Zinc, Gm= Mycorrhiza, Az=
Bioazospire, Mo= Molybdenum, Ha= Humic acid)
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Figure 3. Mean comparison of total seed weight per plant under different pretreatments (C=Control, P2=
Fertilizer phosphate 2, P-Z= Phosphorus-Zinc, T= Trichoderma, Zn= Zinc, Gm= Mycorrhiza, Az=
Bioazospire, Mo= Molybdenum, Ha= Humic acid)
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Figure 4. Mean comparison of oil percentage under different pretreatments (C=Control, P2= Fertilizer
phosphate 2, P-Z= Phosphorus-Zinc, T= Trichoderma, Zn= Zinc, Gm= Mycorrhiza, Az= Bioazospire,
Mo= Molybdenum, Ha= Humic acid)
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Figure 5. Mean comparison of total phenol under different pretreatments (C=Control, P2= Fertilizer
phosphate 2, P-Z= Phosphorus-Zinc, T= Trichoderma, Zn= Zinc, Gm= Mycorrhiza, Az= Bioazospire,
Mo= Molybdenum, Ha= Humic acid)
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Figure 6. Mean comparison of flavonoid under different pretreatments (C=Control, P2= Fertilizer
phosphate 2, P-Z= Phosphorus-Zinc, T= Trichoderma, Zn= Zinc, Gm= Mycorrhiza, Az= Bioazospire,
Mo= Molybdenum, HA= Humic acid)
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Figure 7. Mean comparison of antioxidant under different pretreatments (C=Control, P2= Fertilizer
phosphate 2, P-Z= Phosphorus-Zinc, T= Trichoderma, Zn= Zinc, Gm= Mycorrhiza, Az= Bioazospire,
Mo= Molybdenum, HA= Humic acid)
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Table 5. Stepwise regression results for total yield as the dependent variable against other traits excluding yield

component
JUEtH Jds sl sl .>R2 JwR2 F
Variable Parameter estimate YRPartial YR model
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e 92 612 05 10.576 0.0336 0.8014 4.06
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Intercept
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Table 6. Stepwise regression results for oil percentage as the dependent variable against other traits
excluding oil percentage
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