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Article Info ABSTRACT

Qrticle EYK?T | Objective: Iranian black zira is an aromatic and medicinal plant from Apeaceae family.
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In general, the establishment of this plant and seed production takes between three and
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improve the cultivation and domestication of this valuable and economic plant, an
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Available online 20 December  experiment was conducted in field conditions in the form of 9 main plots including NPK
2025 fertilizer at three levels (control (without fertilizer application), fertilizer 1(2.5 grams per
liter), fertilizer 2 (with a concentration of 2 times and 5 grams per liter) and tuber age at
two levels of three and four years (medium and three-year-old tubers have a mass of about

Keywords:

Flowering 1 g and a size of about 2 cm and large and four-year-old tubers have a size of about 4 cm

IISIIPK'[ ‘;e"_mr'éer and a mass of about 3 to 4 g) was carried out in, fertilizer with 2 times concentration) and
ant hei . . .

Tuber We%ght tuber age at two levels (three and four years old) was carried out in 1402-1403 in Kalat

umbrella region of Khorasan Razavi.

Results: The results showed that tuber weight has a direct and positive effect on the
percentage of greening, flowering, plant growth, and yield. The highest percentage of
greening (100%) and flowering (100%) was observed in large tubers, and the lowest
percentage of sprouting (51%) and flowering (16.93%) was observed in medium tubers
and O fertilizer (no fertilization). It was also observed that the application of NPK fertilizer
also has a positive effect on the physiological characteristics of plants, so that the highest
weight of a thousand seeds (1.36 g) was related to the large tuber and fertilizer 2, and the
lowest amount (0.69 g) was observed in the medium tuber and control fertilizer. The
highest plant height was related to the large tuber and fertilizer 2 (63.65 cm), and the

lowest value (42.7 cm) was in the control and medium tuber treatments.

Conclusions In general, it can be said that the application of 20-20-20 fertilizer (NPK)
and the use of tubers with more age (weight) improved the growth and yield of Iranian
black zira.
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Introduction

Black zira (Bunium persicum (Boiss.) Fedtsch.) is a perennial, self-pollinated, herbaceous plant
belonging to the Apiaceae family. Wild populations of black zira are scattered across the
western and northwestern highlands of Iran, as well as southeastern regions including Kerman,
Sistan and Baluchestan, and parts of Khorasan.

Black zira exhibits relatively slow initial growth and establishment. During the first year, only
cotyledonary leaves and small tubers (up to 4 mm in diameter) are formed below the soil
surface. Due to summer environmental conditions such as high temperature and drought, the
tubers enter dormancy. In general, establishment and seed production in black zira require three
to four cropping years. This prolonged growth period has reduced farmers’ willingness to
cultivate this valuable medicinal plant.

Nutrient solutions (solid or liquid fertilizers) are widely used to optimize plant nutrition under
different cultivation systems. In addition to nutrition, tuber weight (tuber age) is considered an
effective factor influencing the yield of black zira. Since tubers function as storage organs for
photosynthetic assimilates, cultivation of this plant is commonly performed using tubers. It
appears that tuber size can significantly affect emergence, vegetative growth, and yield of black
zira.

Currently, natural habitats are the sole sources of Iranian black zira production. However, due
to excessive and unregulated harvesting, this species is facing the risk of extinction. In Iran,
black zira is mostly cultivated on a small scale and in limited areas, and domestication of this
valuable medicinal plant has not yet been achieved. Only a few countries worldwide have
introduced cultivated varieties of black zira.

The aim of this study was to identify the responses of Iranian black zira to different fertilizer
concentrations and to evaluate the effects of tuber weight and age on its growth characteristics.
The results of this research may contribute to accelerating growth, improving cultivation
practices, and facilitating the domestication of this economically important plant.

Method

This experiment was conducted during the 2022-2023 cropping season (1402-1403) on
agricultural land in Kalat-e Nader, Razavi Khorasan province, Iran. The study was arranged as
a factorial experiment based on a randomized complete block design (RCBD) with three
replications. The experimental factors were as follows:
1- Fertilizer levels (NPK 20-20-20):

- 0 concentration (control)

- Single concentration: 2.5 g fertilizer per liter of water

- Double concentration: 5 g fertilizer per liter of water

2- Tuber size levels:
- Large tubers: 4-year-old, weighing approximately 3-4 g
- Medium tubers: 3-year-old, weighing approximately 1 g

Tubers of different sizes were individually weighed using a digital balance with 0.1 g accuracy.
Manual planting of black zira tubers was performed in nine rows, each 6 m long, with 25 cm
row spacing and at a depth of 15 cm. After plant emergence, fertilizer treatments were applied.
Upon completion of the growth period, the following traits were evaluated:

- Emergence percentage
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- Plant height

- Flowering percentage

- Number of umbels

- Thousand-seed weight

- Establishment percentage and plant mortality

Data analysis was performed using JMP software, and mean comparisons were conducted using
Tukey’s test at a 95% probability level.

Results and Discussion

Emergence percentage differed significantly (P < 0.05) between plants derived from large and
medium-sized tubers. The highest emergence was recorded in large tubers (96—-100%), whereas
medium-sized tubers showed 33.77-51% emergence. Larger tubers, due to more extensive root
systems, absorbed more water, leading to higher emergence and improved growth. They also
contained higher amounts of carbohydrates (starch and fructans), proteins, and lipids.
Flowering percentage in medium-sized tubers under fertilizer treatments 1 and 2 was
significantly higher than the control, while no significant difference existed between fertilizer
treatments 1 and 2. Flowering in large tubers reached 100%, while medium-sized tubers had
16.95%, 31.77%, and 28.4% in the control, fertilizer 1, and fertilizer 2 treatments, respectively.
Optimal flowering depends on sufficient nutrients and their balance (e.g., N:P:K, N:K ratios).
Higher-weight tubers, with richer nutrient reserves and pre-formed reproductive tissues,
increased the likelihood of active buds, accelerating phenological development and earlier
flowering.

Mortality was higher in control plants, with no significant difference between fertilizer
treatments 1 and 2. Plants from medium-sized tubers exhibited higher mortality compared to
those from large tubers. Overall, tuber size and age had a stronger positive effect on plant
establishment than fertilizer treatments. The combination of large, four-year-old tubers with
NPK fertilizer resulted in the highest establishment and lowest mortality.

Plant height was significantly greater in 20-20-20 fertilizer treatments compared with the
control, with no significant difference between fertilizer concentrations. Larger tubers, due to
better root development, showed enhanced water uptake and increased growth. Interaction
effects of tuber size and fertilizer showed that large tubers treated with higher fertilizer
concentration (fertilizer 2) produced the highest number of umbels, while medium-sized tubers
produced the lowest (8 umbels). Fertilizer application stimulated growth and photosynthetic
organ development, improving yield components. NPK nutrients are key factors in transitioning
from vegetative to reproductive phases.

Tuber weight measured before planting confirmed that large tubers were significantly heavier
(P <0.05) than medium-sized tubers. After harvest, large tubers remained heavier. All fertilizer
treatments increased tuber weight, with a greater increase in medium-sized tubers (~15-20
times). As storage organs, tubers accumulated nutrients, resulting in higher weight, enhanced
photosynthetic organs, and improved growth in the following season. Thousand-seed weight
was lowest in control plants for both tuber sizes, with the highest weight in large tubers under
fertilizer 2 (1.36 g) and the lowest in medium-sized tubers under control (0.78 g). Larger tubers,
with greater nutrient reserves, provided more resources for vegetative growth, leading to faster
leaf emergence, better growth, and improved yield components.
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Conclusion

The nutrients in NPK fertilizer positively affected growth by regulating key enzymes, protein
synthesis, chlorophyll production, and activating genes involved in root development and
chlorophyll synthesis. Larger tubers, with higher nutrient reserves, provided more resources for
vegetative buds, accelerating leaf emergence, enhancing growth, and improving yield
components. Therefore, the use of fertilizers, soil enrichment, and planting larger tubers can
play a crucial role in promoting better growth and yield of this valuable medicinal plant.
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Figure 3. Sprouting percentage in medium and large tubers. (The same letters indicate no significant difference
at the 5% probability level).
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Figure 4. Interaction effect of different fertilizer treatments (control (0), fertilizerl (2.5 g L) and fertilizer2 (5
g L)) and tuber size (medium and large) on flowering percentage. (The same letters indicate no significant
difference at the 5% probability level).
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Figure 5. The interaction effect of different fertilizer treatments (control (0), fertilizerl (2.5 g L) and fertilizer2

(5 g L'Y)) and tuber size (medium and large) on the percentage of plant establishment. (The same letters indicate
no significant difference at the 5% probability level).
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Figure 6. interaction effect of different fertilizer treatments (control (0), fertilizerl (2.5 g L) and fertilizer2 (5 ¢

L)) and tuber size (medium and large) on percentage of plant losses. (The same letters indicate no significant
difference at the 5% probability level).
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Figure 7. Interaction effect of different fertilizer treatments (control (0), fertilizerl (2.5 g L) and fertilizer2 (5 g
L)) and tuber size (medium and large) on plant height. (The same letters indicate no significant difference at the
5% probability level).
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Figure 8. Interaction effect of different fertilizer treatments (control (0), fertilizer1 (2.5 g L)) and fertilizer2 (5

g L) and tuber size (medium and large) on the number of umbrellas. (The same letters indicate no significant
difference at the 5% probability level).
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Figure 9. Effect of tuber size on the average tuber weight before cultivation in different fertilizer treatments

(control (0), fertilizerl (2.5 g L'!) and fertilizer2 (5 g LY)). (The same letters indicate no significant difference at
the 5% probability level).
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Figure 10. interaction effect of different fertilizer treatments (control (0), fertilizerl (2.5 g L) and fertilizer2 (5

g L) and tuber size (medium and large) on the average tuber weight after cultivation. (The same letters indicate
no significant difference at the 5% probability level).
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Figure 11. Percentage of increase in tuber weight in different fertilizer treatments (control (0), fertilizerl (2.5 g

L1 and fertilizer2 (5 g L) in large tubers. (The same letters indicate no significant difference at the 5%
probability level).
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Figure 12. Percentage of increase in tuber weight in different fertilizer treatments (control (0), fertilizerl (2.5 g
L1) and fertilizer2 (5 g L%)) in medium-sized tubers. (The same letters indicate no significant difference at the
5% probability level).
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Figure 13. interaction effect of different fertilizer treatments (control (0), fertilizerl (2.5 g L) and fertilizer2 (5

g L)) and tuber size (medium and large) on the weight of one thousand seeds. (The same letters indicate no
significant difference at the 5% probability level).
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