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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

a2

Sl S0k
mean squares

SOV el el Ak, b . Cx 055 ) J
df Plant Root e plant R > ”
height length ~ Height of the weight ~ capsule weight  No. follicle
first branch per plant per capsule
S
S 2 3.06™ 1.45™ 0.19™ 0.88™ 0.26"™ 0.08™
Block
JLA'::&: Kk * Kk *k *%k
Pre- 8 24.16 3.50 23.08 16.88 5.31 0.11"™
treatment
2l gl
S 16 3.14 0.93 1.53 2.02 0.41 0.05
Error
Ol purd o
T s 2.4 7.6 115 10.5 10.1 3.8
C.V.(%)

=3

Mﬁ&ijmjac;;ck“):)b@” 913134{* }*.)\;@Mﬁbns
": Non significant, and ~ significant at the 5% and 1% probability levels, respectively.
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Continiue Table 2. Analysis of variance of studied traits under different pretreatments

Sl o Sle
mean squares
Qlf::_;c. CL& 4’.)3’ &l O als Js O3 R Aoy )
Sov @b J S s < A FFE s OS]
df o i Toml o ioxid
seed Total seed o oil ota . antioxida
: . Biological flavonoid
weight per  weight per ield percenta  Phenol nt
capsule plant y ge
‘SJ*L- * ns ns ns * ns ns
2 0.00 0.18 7025.93 0.01 0.31 0.00 0.01
Block
St 12184770.3
Pre- 8 0.00™ 3.02" = 18277 2767 0407 57.05"
treatment
2ol gl
S 16 0.00 0.06 5046.76 0.21 0.08 0.05 0.08
Error
Pt
Sl xS 5.9 9.44 9.1 1.9 1.3 25 0.4
C.V.(%)

*
M)va}M)J@chJJ)lb@zﬁ%)A{

>

* . . ns
5 Db S

™: 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

s <yl e dsb A Gl gl ST Y] SIS sm > S
Treatr;1ent Plant height ~ Root length  Height of the first  plant weight Biologicallyield
(cm) (cm) branch (cm) (9) (kg.ha™)
L
th | 72.88+0.18°  12.39+0.37" 10.16+0.22™ 12.16+0.67% 5550.00+0.35 "
ontro
Yook oles
Fertilizer 69.11+0.29°  13.22+0.27% 9+0.39% 15.39+0.31% 7170.00£0.23 ¢
phosphate 2
ST 69.5520.37°  10.66+0.10° 11.28+0.78" 9.57+0.33° 7060.00+0.11 ¢
Phosphorus-Zinc
boy5 6 5
i ;’; d 73.27+0.16"  12.16+0.28" 9.78+0.40" 14.41+0.36™ 8726.67+0.22°
richoderma
Z‘?” 74.77+0.11*  13.05+0.36% 14.33+0.27° 12.78+0.38% 6176.67+0.32 ¢
Inc
[, 6o
Mﬁ”” . 76.50£0.15%  11.83+0.32™ 15.61+0.09% 11.96+0.47°®  11210.00+0.18 ®
ycorrhiza
i1
B_’”‘””f; 75.44+0.09®°  12.99+0.16%® 7.050.32¢ 17+0.30° 6493.33+0.25
l0azospire
SR
" 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 |
) e J“*‘fd 74.66+0.10°  14.44+0.22° 11.44%0.35" 11.81+0.29% 10750.00+2.00°
umic acl

I o iy e e 53 (gl e BVl Dt 55 alie Sy > L sl Sl
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 4- Correlation coefficients of traits evaluated in Nigella sativa

sop oy Slao 1 2 3 4 5 6 7 8 9 10 11 12 13
Gy Cw)l -\ 1
1. Plant height
: -Y
o b 0.36 1
2. Root length
b sl ol el Y
A Ll 0.16 -0.11 1
3. Height of the first branch
ey
“x & -2 0.27 0.39*  -0.55** 1
4, plant weight
. U
S 02 dmess 035 0.39% 031  -0.58**  0.85** 1
5. capsule weight per plant
S g slaws =5
A e 014 005  -048** 014 0.16 1
6. No. follicle per capsule
sy
o 02 s 035 0.42%  047%  -0.44* 0.39* 052** 0.3 1
7. seed weight per capsule
] 059 =A
w503 0.45% 035  -0.59**  0.78**  0.87** 018  0.61** 1
8. Total seed weight per plant
5 g 3 Slas -4
"_’jﬁf _ 0.23 0.07 0.44* -0.23 -0.07 001 002  -0.09 1
9. Biological yield
Ry TN
0790 A2 -0.01 0.01 0.20 -0.19 -0.04 006 007  0.05 0.67%* 1
10. Oil percentage
Js -0
-0.00 -0.02 0.19 -0.17 -0.01 0.05 0.04  0.07 0.63**  0.97** 1
11. Total phenol
A5 5 D8 1Y
_ -0.01 0.06 0.19 -0.21 -0.08 0.16 0.00 -0.02 0.60**  0.86** 0.81** 1
12. flavonoid
OISt Ty
0.07 0.12 0.10 0.12 0.24 0.01 013 030 0.56**  0.86** 0.84** 0.79** 1

13. antioxidant

Ao S Jlea! cﬁw 23 Sols sme o das- OIS S 5 4 e

*** significant at 5% and 1% of probability levels, respectively
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Table 5- Stepwise regression results for total yield as the dependent variable against other traits
excluding yield component

ke Jobe sla zl L .= R2 Jw R2 F
Variable Parameter YRPartial YR model
estimate
S JS 53 JgmS 05 0.564 0.7678 0.7678 82.68**
capsule weight per plant
J S 53 4l3 03 10.576 0.0336 0.8014 4.06"

seed weight per capsule

fawe 5l 5,2 -1.462 - - 2.69™

Intercept

Y=-1.462+1x+/67¥+10.576x2

DBy o3 e 4 Dlie ple plp 53 @b e Olgeay by Ao Sl S 0 O g S5 i —F Jsu
Table 6- Stepwise regression results for oil percentage as the dependent variable against other traits
excluding oil percentage

Joeey Jue sla el .= R2 Jw R2 F

Variable Parameter Partial YR YRmodel
estimate
Js s \VANY ANAR «/4¥¥a FEEY A7)
Total phenol

IR 1.35 YS! ATVA 10.59
flavonoid
KW -29.37 - - YYY/AQ
Intercept

Y=-29.37+)x1/4V+1.35x2
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Abstract
Background and objectives: Today, medicinal plants have received a lot of attention in the scientific
and medical communities. Black cumin (Nigella sativa L.) is the most important species belonging to

the Ranunculaceae family. In the cultivation of medicinal and aromatic plants, various problems occur
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in the germination of the seeds of some plants. Due to the insufficient growth of the embryos, the
black seeds have sleeping characteristics, which causes the non-uniform growth of the seedlings. Since
in agriculture, seed germination is considered very important to obtain lively plants and high yields,
there is a need for a process that facilitates germination. A process described as seed priming or pre-
treatment. For this purpose, this experiment was designed and implemented to investigate the effect of
different seed pre-treatments on some quantitative and qualitative traits of black seed in the climatic
conditions of Gorgan.

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 follicles in the capsule, the
weight of the seeds in the capsule, the total weight of the seeds in the plant, the percentage of oil, total
phenol, Flavonoids, and antioxidants were measured. Finally, the statistical analysis of the data was
calculated using SAS statistical software, and the average comparison of the data was calculated using
the LSD test at the probability level of one percent.

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
grams), the maximum weight of the capsule in the total plant (8.37 grams), 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 grams) 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.

Keywords: Antioxidant, Bioazospire, Pre-treatment, Oil percentage, Mycorrhiza



