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Objective: The particular susceptibility of rapeseed during the sensitive stages of
germination and seedling establishment doubly underscores the urgent need to develop
efficient and cost-effective management strategies to counteract salinity stress. In this
regard, seed pre-treatment technology has gained attention as a promising and novel
strategy to enhance plant resilience against environmental stresses from the very first
stages of growth.

Method: This research was designed and conducted to comprehensively evaluate and
compare the effects of applying various natural growth stimulants—including amino acids
(at three concentrations: 2, 4, and 6 g kg™ of seed), humic acid (at three concentrations: 3,
6, and 9 g kg! of seed), and seaweed extract (at three concentrations: 3, 6, and 9 g kg™ of
seed) both individually and in combination with the hydropriming method on the
improvement of germination indices, growth, and biochemical responses of rapeseed (cv.
Hyola 50) under different levels of salinity stress (0, -2, -4, -6, and -8 bar).

Results: Salinity stress had a significant inhibitory effect (p < 0.01) on most measured
traits. With increasing stress levels up to -8 bar, root dry weight decreased by 65.3%,
emergence percentage decreased by 32%, and germination rate decreased by 63.3%
compared to the control treatment (no stress). In contrast, the activity of catalase enzyme,
an indicator of oxidative stress, increased by 114%, demonstrating the plant's defensive
response to unfavorable conditions. In this study, the combined treatment of hydropriming
with humic acid (6 g kg of seed) was identified as the most effective method, with a
153% difference in leaf dry weight compared to the worst treatment. This treatment
comprehensively demonstrated a protective role against salinity stress by increasing root
dry weight by 13.8%, catalase enzyme activity by 10.5%, and germination rate by 14%,
while maintaining the chlorophyll index.

Conclusions: It can be concluded that pre-treating rapeseed seeds with natural growth
stimulants, particularly as combined hydropriming treatments with amino acids (4 g kg’
seed) and humic acid (6 g kg™’ seed), is a low-cost, user-friendly breeding strategy and

represents a practical and implementable approach for farmers.
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Highlights
o A comprehensive investigation of the effects of three types of natural growth

stimulants (amino acid, humic acid, and seaweed extract) individually and combined
with hydropriming to achieve a synergistic effect.

o Providing strong quantitative evidence of the mechanism of action through
simultaneous measurement of growth and biochemical indices and demonstrating the
critical principle of dose-response.

o Emphasizing the practical and cost-effective nature of the method for farmers, aiming
to convert saline lands into productive areas as a sustainable solution.

Introduction

Salinity stress, as one of the most lethal and widespread abiotic stresses, is a major obstacle
to the sustainable production of agricultural crops worldwide, including rapeseed (Brassica
napus L.), a crucial source of vegetable oil. This phenomenon disrupts a wide range of
physiological, biochemical, and morphological processes in plants by inducing osmotic stress,
ionic toxicity, and impaired nutrient uptake, ultimately leading to a severe reduction in both
yield quantity and quality (Ashraf and McNeilly, 2004). The particular susceptibility of
rapeseed during the critical stages of germination and seedling establishment underscores the
urgent need to develop efficient and cost-effective management strategies to counter salinity
stress. In this context, seed pre-treatment technology has emerged as a promising and novel
strategy to enhance plant resilience against environmental stresses from the very earliest
stages of growth (Paparella et al., 2015).

Method

This research was designed and conducted to comprehensively evaluate and compare the
effects of applying various natural growth stimulants-including amino acids (at three
concentrations: 2, 4, and 6 g kg seed), humic acid (at three concentrations: 3, 6, and 9 g kg™
seed), and seaweed extract (at three concentrations: 3, 6, and 9 g kg seed)-both individually
and in combination with the hydropriming method. These treatments were assessed for their
ability to improve germination indices, growth, and biochemical responses of the Hyola
cultivar rapeseed seeds under different levels of salinity stress (0, -2, -4, -6, and -8 bar). The
study was conducted as a factorial experiment using a completely randomized design (CRD)
with three replications. It was carried out in both controlled laboratory and greenhouse
environments at the Faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili, in 2020. Certified seeds were subjected to various coating treatments after
sterilization.

Results

Salinity stress had a highly significant inhibitory effect (at the 1% probability level) on all
measured traits. Increasing the salinity level to -8 bar resulted in a 65.3% decrease in root dry
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weight, a 32% decrease in emergence percentage, and a 63.3% decrease in germination rate
compared to the control treatment (no stress). In contrast, the activity of the catalase enzyme,
an indicator of oxidative stress, increased by 114%, signifying the plant's defensive response
to unfavorable conditions. The application of seed pre-treatments, particularly combined
treatments, markedly counteracted the deleterious effects of salinity. The combined treatment
of hydropriming + humic acid (6 g kg'l) was identified as the most effective, showing a 153%
increase in leaf dry weight compared to the worst treatment (low-concentration seaweed
extract under severe stress). This treatment also led to improved germination rate, increased
root dry weight (up to 15.4% compared to the control), and preserved chlorophyll content.
Humic acid (3 g kg) and seaweed extract (9 g kg') treatments applied alone also showed
significant positive effects. The mechanism behind this improvement can be attributed to the
multifaceted roles of these stimulants. Amino acids act as precursors for the synthesis of heat
shock proteins and compatible osmolytes (such as proline), maintaining osmotic balance.
Humic acid enhances soil structure, increases membrane permeability, and facilitates nutrient
uptake, particularly phosphorus and micronutrients, thereby promoting plant growth. Seaweed
extract, containing a wide range of natural growth regulators (e.g., cytokinins, auxins,
betaines), vitamins, and oligosaccharides, induces the expression of stress tolerance-related
genes and boosts antioxidant system activity. A key and significant finding of this research
was the emphasis on the principle of dose-response. Some treatments at low concentrations
(e.g., Seaweed 3 g kg') not only lacked a positive effect but actually reduced plant
performance compared to the control. This reveals the necessity for precisely determining the
optimal concentration for each stimulant and specific genotype. Furthermore, the results
indicated that the effectiveness of this method decreases with increasing stress intensity,
which aligns with the "threshold tolerance" theory. This shows that seed pre-treatment is not a
panacea for severe and intolerable conditions but rather can significantly widen the plant's
window of tolerance.

Conclusions

Pre-treatment of rapeseed with natural growth stimulants, especially in combined
hydropriming treatments with amino acids (4 g kg™ seed) and humic acids (6 g kg™’ seed), is a
low-cost and user-friendly breeding strategy that represents a practical and applicable
approach for farmers. This technology, by systematically preparing the plant and activating its
defense mechanisms before stress exposure, significantly increases its resilience and enables
the use of saline and marginal lands to produce valuable crops, such as rapeseed. This
research confirms the high potential of this method as part of sustainable agriculture solutions
in the face of climate change and increasing environmental stresses.
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Table 1- List of pre-treatment (seed coating and priming) with various biostimulants.

@9, T2y
Row Explanation
1 3 yd p)SokS yp o atpslaul o5 Y
Amino acid (1) 2 g of amino acid per kg of corn seeds
2 )3 50 p kS je 50 dielacul p 5 F
Amino acid (2) 4 g of amino acid per kg of corn seeds
3 S0 s p)TkS o o akelil )5 7
Amino acid (3) 6 g of amino acid per kg of corn seeds
4 M2lye Sl o)lae Sy3 5% 0,55LS o 50 by Sz ojlac o ST
Seaweed extract (1) 3 g of seaweed extract per kg of corn seeds
5 (V) @by Sl o)lac Oy yh S ekS o 50 by Sz ojlac 0 57
Seaweed extract (3) 6 g of seaweed extract per kg of corn seeds
6 () @b ye Sl o)lae O3 5 S ekS oy by Silzojlac 059
Seaweed extract (3) 6 g of seaweed extract per kg of corn seeds
7 () Soguasenl O30 5% 05 5kS 52 50 Scageasnl 0 5 Y
Humic acid (1) 3 g of humic acid per kg of corn seeds
] (V) Soguarinl ©58 53 05 5kS 52 50 Seagrainl 057
Humic acid (2) 6 g of humic acid per kg of corn seed
9 (1) Soguarinl O30 53 25 5kS 52 50 Seageasenl 051
3) Humic acid 9 g of humic acid per kg of corn seeds
g per kg
10 (V) Seogeinsl + l 9,000 SRSk e 50 Seagemanil 05 F 4l e
Hydroprim + Humic acid (2) Hydroprime + 6 g of humic acid per kg of seed
11 (V) by Sl ojlac + iy 0.0 2 e 5ol e 30 ol o Sl ojlac o5 Fr g 0
Hydroprime + seaweed extract (2) Hydroprime + 6 g of seaweed extract per kg of seed
12 (1) sl + mal 5 )00 S 5hS 2 50 aelunal 35 7 4 lg e
Hydroprim + Amino acid (2) Hydroprime + 6 g of amino acid per kg of seed
13 Seil s
Hydropriming
aby chlide laS me 5 ez Brae g b
14

Seeds without the use of glue and various growth
stimulants

SIS LiolesT 5o eoliiul 0550 S Cotiie oleowd o b sla S5y -Y Jaus

Table 2- Selected physico-chemical properties of the soil used in the greenhouse experiment.

S cdl
Soil texture

SR

=y

Sandy
clay loam

SloyS wey ool o "
randS” (a0, O59rs deyd N
Calcium Organic Nitrogen% Ph(();gfrilo)rus Po(t;;::)lm
carbonate% matter%
9.75 0.95 0.12 23.6 400
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Table 3- Analysis of variance (mean squares) for the effects of salinity stress and seed pretreatment on the studied traits in

rapeseed
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Figure 1- Interaction of salinity stress and seed pretreatment with amino acid (A), seaweed (B), humic acid (C),
and hydropriming, and control (D) on the leaf dry weight of rapeseed seedlings. At least one similar letter
indicates no significant difference based on the LSD test.
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Figure 2- Interaction of salinity stress and seed pretreatment with amino acid (A), seaweed (B), humic acid (C),
and hydropriming, and control (D) on the chlorophyll content of rapeseed. At least one similar letter indicates no

significant difference based on the LSD test.
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Figure 3- Interaction of salinity stress and seed pretreatment with amino acid (A), seaweed (B), humic acid (C),
and hydropriming, and control (D) on the emergence percentage of rapeseed. At least one similar letter indicates

no significant difference based on the LSD test.
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Table 4- Mean comparison of salinity stress and seed pretreatment effects on the studied traits of rapeseed
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Means followed by the same letter within each column are not significantly different at the 5% level according to the LSD test.
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