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Article Info ABSTRACT
Article type: Background and Objectives: Experiencing both flooding and salinity
Full Length Research Paper  stresses at the same time can cause a more significant reduction in growth
and yield compared to facing each stress individually. The combination of
) ) these stresses also triggers different physiological and biochemical
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Received: 07.26.2024 responses in plants. Although the physiological and molecular mechanisms
Revised: 08.09.2024 of plant responses to these environmental constraints have been extensively
Accepted: 08.20.2024 studied, the mechanisms of plant tolerance to combined stresses are still
not well understood. The present study was conducted to investigate the
effects of foliar application of nutrients and melatonin on some root

Keywords: characteristics of four barley cultivars under combined waterlogging and
Ion homeostasis, saline water stress.

Root elements,

Root length,

Materials and Methods: In order to explore the impact of foliar spraying
of melatonin and nutrients on barley cultivars under conditions of
waterlogging stress with salt water, a factorial experiment with 3 factors
was conducted using a completely randomized design. The experiment had
six replications in pots, and it was carried out in the open environment over
two crop years, 1401-1400 and 1401-1402, at Gorgan University of
Agricultural Sciences and Natural Resources. The experimental factors
included four barley varieties (Mahor, Axin, Sahra, and Fardan),
waterlogging stress levels (no stress and applied stress), and foliar
application of melatonin and nutrients (no foliar application, foliar spraying
at the tillering stage, and foliar spraying at the elongation stage). Various
parameters such as root length and volume, root and shoot dry weight, the
ratio of root weight to shoot weight, iron and manganese concentration, and
sodium to potassium ratio were measured.

Root volume,
Tillering

Results: The results in four barley varieties showed that waterlogging with
salt water caused a decrease of 9.4 cm in root length, 0.2 cubic cm in root
volume, 0.5 g in root dry weight, and 0.4 g in dry weight. Shoots, root to
shoot ratio 7.8, calcium to potassium ratio 0.01, nitrogen to potassium ratio
0.18 and increase of 8 mg/kg of iron, 11 mg/kg of manganese, and the
difference in ratio Sodium to potassium reached 11. Foliar application of
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nutrients and melatonin reduced the effects of stress and improved plant
growth, and root length and volume increased by 14.5, 11.3, 15.3, and 16.4
cm and 2.78, 24 cm, respectively. 2.2, 4.18, and 3.43 cubic centimeters
corresponding to Mahor, Axin, Sahra, and Fardan cultivars after foliar
spraying at the tillering stage to 19.2, 15.7, 19.9 and 21 centimeters and
4.36, 3.73, 5.73 and 4.98 cubic centimeters improved. Also, the amounts of
iron and manganese in the roots under stress conditions were 13.25, 12.75,
12.83, and 13.42 mg/kg and 17, 17.5, 18.33, and 16 mg/kg, respectively.
Regarding Mahur, Axin, Sahra, and Fardan cultivars after foliar spraying in
the tillering stage, iron to 7.75, 8.08, 7.92, and 7.67 mg/kg, and manganese
t0 11.42,5. 12, 10.67 and 12.08 mg/kg decreased.

Conclusion: Waterlogging and salinity stress had a significant impact on
the growth of roots and shoots, leading to an imbalance in ion levels. By
using nutrients and melatonin in waterlogged, saline conditions, the
negative effects of the stress were reduced through various mechanisms,
improving growth and ion balance in both roots and above-ground parts of
the plant. It is worth noting that foliar spraying was more effective during
the tillering stage than the elongation stage, likely due to the longer
duration of melatonin's effect, increased nutrient absorption, and tissue
regeneration. Therefore, spraying melatonin and nutrients can be seen as a
viable solution to minimize the damage caused by this stress in barley
cultivars.
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1- Melatonin, N-acetyl-5-methoxy-tryptamine
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2- Indole-3-acetic acid
3- Arabidopsis
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