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Article Info ABSTRACT
Article type: Objective: This study investigated the effects of vermicompost and different
Research Article application methods of beneficial microorganisms on the seedling emergence

and growth of black cumin (Nigella sativa L.) during the 2023-2024 and
2024-2025 growing seasons in Pakdasht and Karaﬂ'l, Iran, respectively. The

Article history: interactive effects of these factors on seedling growth and mortality were also
Received 4 November 2025 evaluated.

Received in revised form Method: The research was conducted as a factorial experiment in a
21 April 2026 randomized complete block design with two factors: vermicompost application
Accepted 13 September 2026 (5 t ha' and no application) and seed biological treatment (11 different
Published online 22 September 2026 combinations), at two separate locations with four blocks each. The

microorganisms included Pseudomonas fluorescens, Bacillus megaterium, and
mycorrhiza (a blend of Funneliformis mosseae, Rhizophagus irregularis,
and Claroideoglomus etunicatum strains).

Results: Analysis of variance showed that vermicompost application had a
significant positive effect (at the 1% level) on all measure(i) traits in both
regions. With vermicompost application in the Pakdasht and Karaj regions,
respectively, the number of nodes on the main stem increased by 22% and
15%, seedling dry weight by 9% and 8%, germination percentage by 10% and
10%, germination rate %y 15% and 28%, and final establishment percentage by
22% and 18%. The effect of microorganism type and application method was
significant only on germination rate in both regions, and the interaction
between microorganism application method and vermicompost was not
significant for any trait. Thus, vermicompost application generally enhanced
the positive effects of the microorganisms, whereas the different application
methods did noﬁH:roduce significant differences in the results.

Conclusions: The application of vermicompost improved the measured traits
to a desirable extent at both locations, indicating the high potential of this
fertilizer for mitigating environmental stresses. Emergence percentage and rate,
number of nodes on the main stem, and seedling dry weight were improved
with the biological treatments. Among the biological treatments, biopriming
with Pseudomonas fluorescens was the most effective, achieving the highest
values for all growth indices in both regions. Although mycorrhizal treatments
were superior to the control, they performed less well than the bacterial

Keywords: treatments. The results also clearly show that the efficacy of biological
Biopriming treatments is strongly affected by environmental conditions, and that
Growth-Promoting Bacteria maximizing their effectiveness requires designing the optimal combination of
Hydropriming microorganisms and application methods according to the specific conditions
Vermicompost of each %ocation.
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Location Emergence Mortality Establishment PH NNSS Seedling weight
75-
_._ _._ 1_ ._._ _._ _._ i _._
-
50- 2
£
1 + 1 f i + { T +_ }
0
70-
Corr: 0.379*** Corr: -0.797"* Corr: 0.971*** Corr: 0.201** Corr: 0.354** Corr: 0.354***
60~ m
. Karaj: 0.369"* Karaj: -0.785" Karaj: 0.977"* Karaj: 0.114 Karaj: 0.245* Karaj: 0459 |&
1 3
a
40-mm Pakdasht: 0.270° Pakdasht: -0.812™* Pakdasht: 0.964* Pakdasht: 0.040  Pakdasht 0292 Pakdasht: 0.116
0.40-
. J‘ . ‘ Corr: -0.515* Corr: 0.460*** Corr: 0177 Corr: 0.526** Corr: 0.458**
0.35 n
0.30- "..:". :? . Karaj: -0.523*** Karaj: 0.443** Karaj: 0.001 Karaj: 0.429*** Karaj: 0.337* o
. a° L \
0.25- ’
':i - .1 Pakdasht: -0.438™* Pakdasht: 0.362*** Pakdasht: 0.120  Pakdasht: 0.521*** Pakdasht: 0.500"**
0.20-
55- ) -
* T Corr: -0.913** Corr: -0.291* Corr: -0.456*** Corr: -0.448**
45- « .
o %% gy . o F
s-IL s g.., ve, o Karaj: -0.894 Karaj: -0.016 Karaj: -0.317 Karaj: -0.475 g
=
25'E‘ Pakdasht: -0.932"** Pakdasht: -0.243" Pakdasht: -0.376**" Pakdasht: -0.314™
15-
50-| Corr: 0.246* Corr: 0.420** Corr: 0.411**
m
407 Karaj: 0.085 Karaj: 0.287** Karaj: 0.481*** ;!,
30- 2
2 Pakdasht: 0.125  Pakdasht: 0.350* Pakdasht: 0.210. #
354 Corr: 0.401** Corr: 0.261***
30- Karaj: 0.156 Karaj: 0056 |
25- Pakdasht: 0.309™  Pakdasht: 0.220"
35-
301 Corr: 0.393**
7 Karaj: 0.269* | Z
20~ %
15~ Pakdasht: 0.324**
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