: Print ISSN: 2322-2
@J Journal of Plant Production Research rint ISSN: - 2322-2050
Online ISSN: 2322-2778

Gorgan University of Agricultural
Sciences and Natural Resources

(OPEN ACCESS)

Improving growth and physiological indices of cabbage
seedlings through different concentrations of selenium
under alkaline stress conditions

Seyyedeh Ghazaleh Seyyedinezhad®, Edris Shabani %, Esmaeil Khaleghi?,
Morteza Taki*

1. M.Sc. Graduate of Horticultural Science, Faculty of Agriculture, Shahid Chamran University of Ahvaz, Ahvaz, Iran.
E-mail: ghazalehseyyedin@gmail.com

2. Corresponding Author, Assistant Prof., Dept. of Horticultural Science, Faculty of Agriculture, Shahid Chamran University of
Ahvaz, Ahvaz, Iran. E-mail: edris.shabani@scu.ac.ir

3. Professor, Dept. of Horticultural Science, Faculty of Agriculture, Shahid Chamran University of Ahvaz, Ahvaz, Iran.
E-mail: khaleghi@scu.ac.ir

4. Associate Prof., Dept. of Agricultural Machinery and Mechanization Engineering, Faculty of Agricultural Engineering and Rural
Development, Agricultural ~ Sciences and Natural Resources University of Khuzestan, Mollasani, Iran.
E-mail: mortezataaki@gmail.com

Article Info ABSTRACT

Article type: Background and Objectives: Alkaline stress, by creating high pH and the
Full Length Research Paper  accumulation of sodium ions, can lead to proton deficiency and the
destruction or inhibition of the electrochemical gradient/potential in root
cells, which consequently disrupts water and ion absorption. In recent

Avrticle history:

Received: 02.18.2025 years, many researchers have proposed the biological enrichment technique
Revised: 03.22.2025 to reduce selenium deficiency in humans. Selenium is one of the
Accepted: 04.23.2025 non-essential but beneficial elements for plants that can neutralize or

somewhat reduce the effects of alkaline stress. This study aimed to
investigate the effect of different concentrations of selenium on the

'éﬁm:ﬁ;n, morphological and physiological characteristics of cabbage seedlings under
Electrolyte leakage, conditions of high alkalinity water.

Hypocotyl diameter,

Plant height Materials and Methods: The experiment was conducted as a factorial in a

randomized complete block design with three replications in the fall and
winter of 2024 in the greenhouse complex of Shahid Chamran University
of Ahvaz. The experimental treatments included selenium concentrations
(0, 5, 15, and 30 mg/L) and bicarbonate levels (0, 3, and 6 meg/L). After
applying the treatment and completing the experiment, morphological traits
such as seedling height and hypocotyl length were measured using a ruler,
hypocotyl diameter was measured using a digital caliper, fresh and dry
weights of shoots and roots were measured using a scale and dried in an
oven at 70 °C for 48 h, leaf area was measured using a leaf area meter, and
physiological traits of cabbage seedlings such as photosynthetic pigments
were measured using a spectrophotometer, relative leaf water content, and
electrolyte leakage were calculated using standard equations.

Results: The results showed that adding selenium to the culture medium
under alkaline stress generally led to an increase in the fresh and dry

VY



weight of different organs. Under stress conditions, the highest shoot fresh
weight (2 g)-a key indicator of seedling quality-was observed in the 15
mg/L selenium + 3 meqg/L bicarbonate treatment which compared to the
treatment of 0 mg/L selenium + 3 meg/L bicarbonate stress, increased the
shoot fresh weight of cabbage seedlings by 16.27%, which is one of the
interesting findings of this study. The use of selenium under alkaline stress
conditions reduced ion leakage and increased the relative water content of
cabbage seedlings. The results of this study showed that selenium at
optimal concentrations can act as a factor improving plant growth and
tolerance to alkaline stress. However, high concentrations of selenium can
have toxic effects and damage plant growth. For instance, in the non-stress
treatment increasing the selenium concentration to 30 mg/L reduced
seedling fresh weight by 59.44% compared to the 0 mg/L selenium
treatment.

Conclusion: Research results show that cabbage has the ability to enrich
selenium. Appropriate levels of selenium treatment can improve the growth
and quality of cabbage. Considering the unusual water consumption in
seedling production greenhouses in the south of the country and the
subsequent development of yellow leaves and thin stems, it seems
absolutely necessary to provide a practical solution for enriching cabbage
and solving the problems of seedling production units. Considering the
moderation of the adverse effects of water quality used in the greenhouse
by optimal selenium levels, it seems that this is an important step towards
developing sustainable agriculture and increasing agricultural production in
areas with alkaline water research by modifying conventional agricultural
practices. Based on the results, a selenium concentration of 15 mg/L is
recommended to moderate the negative effects of alkali stress and improve
seedling growth in greenhouses producing of cabbage seedlings, especially
in greenhouses with alkaline water.
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Table 1. Variance analysis of the effect of different selenium concentrations under alkalinity stress conditions
on growth and vegetative traits of Cabbage seedlings.
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Fig. 1. Effect of different selenium concentrations on the seedling height of cabbage seedlings under alkalinity
stress conditions.
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Fig. 2. Effect of different selenium concentrations on hypocotyl length of cabbage seedlings under alkalinity
stress conditions.
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Fig. 3. Effect of different selenium concentrations on hypocotyl diameter of cabbage seedlings under alkalinity
stress condition.
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Fig. 4. Treatment differences in the cellular structure of cabbage seedlings. A) Right side - thinner seedlings in
selenium-deficient seedlings B) Left side - thicker seedlings in selenium-containing seedlings. The distance
from the cell wall to the vessel was 30 microns for thinner seedlings and 45 microns for thicker seedlings. For
thinner seedlings, the distance from the vascular tissue to the endoderm was 3.5 microns and for thicker
seedlings it was 6.5 microns, indicating better structural integrity or growth potential of thicker seedlings
under selenium treatment.
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Fig. 5. Effect of different selenium concentrations on the fresh weight of cabbage seedlings under alkalinity
stress conditions.
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Fig. 6. Effect of different selenium concentrations on the dry weight of cabbage seedlings.
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Fig. 8. Effect of different selenium concentrations on the fresh weight of cabbage seedlings under alkalinity
stress conditions.
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Fig. 9. Effect of different selenium concentrations on root dry weight of Cabbage seedlings under alkalinity
stress conditions.
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Fig. 10. Effect of different selenium concentrations on leaf number.
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Fig. 11. Effect of different selenium concentrations on the leaf surface of cabbage seedlings under alkalinity
stress conditions.
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Fig. 12. Effect of different selenium concentrations on chlorophyll a of cabbage seedlings under alkalinity
stress conditions.
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Table 2. VVariance analysis of the effect of different selenium concentrations under alkalinity stress conditions
on physiological traits of cabbage seedlings.
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Fig. 13. Effect of different selenium concentrations on chlorophyll b of cabbage seedlings under alkalinity
stress conditions.
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Fig. 14. Effect of different selenium concentrations on total chlorophyll of cabbage seedlings under alkalinity
stress conditions.
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Fig. 15. Effect of different selenium concentrations on carotenoids of cabbage seedlings under alkalinity
stress conditions.
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Fig. 16. Effect of different selenium concentrations on electrolyte leakage of cabbage seedlings under alkalinity
stress conditions.
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under alkalinity stress conditions.
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