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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.

« 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.

@, o Lous To¥
Row Treatments Explanation
1 (V) sl )3 50 0,5 5LS e 0 anselanl o5 Y
Amino acid (1) 2 g of amino acid per kg of corn seeds
5 (V) aslonul AR VK S S VIRV PN )
Amino acid (2) 4 g of amino acid per kg of corn seeds
3 (*) sl S350 a5 elS e 0 aelanwl o5 F
Amino acid (3) 6 g of amino acid per kg of corn seeds
4 M2lye Sl o)lae 53 5% 0,55LS o 50 by Sz ojlac ST
Seaweed extract (1) 3 g of seaweed extract per kg of corn seeds
5 ) by Sl ojlac 53 5% 0,56lS e 50 by Sl ojlac 0 5
Seaweed extract (3) 6 g of seaweed extract per kg of corn seeds
6 () @b ye Sl o)lae O3 5 S ekS o 50 by Silzojlac 059
Seaweed extract (3) 6 g of seaweed extract per kg of corn seeds
7 () Soguarsnl O35 5% 25 5kS 52 50 Scagrasnl 05 Y
Humic acid (1) 3 g of humic acid per kg of corn seeds
] (V) Soguarnl O30 53 05 5kS 52 50 Seagraienl 057
Humic acid (2) 6 g of humic acid per kg of corn seed
9 (1) Soguarinl O30 53 05 5kS 52 50 Seageasnl 0571
(3) Humic acid 9 g of humic acid per kg of corn seeds
10 (V) Semged el + ol g oo 2% S okS e 50 Seogeaienl 05 7+ g june
Hydroprim + Humic acid (2) Hydroprime + 6 g of humic acid per kg of seed
11 (V) by Sl ojlac + wlpg,0.e 2 e 5ok 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 2y aelunal 35 7+ lg e
Hydroprim + Amino acid (2) Hydroprime + 6 g of amino acid per kg of seed
13 SUTIEL Sl pgyoe
Hydroprime Hydropriming
sl Ay Gl GlaS y7e 5 oz Brae Hed s
14 Seeds without the use of glue and various growth
Control

stimulants

SIS LiolesT 5o eolitul 0550 S Cotiie (oleowd So5d sla S5y -Y Jaus

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

SloyS wey ool o "
S sl . -1 ' ]
. = o e . Bt o e - (..\.o)é)g-:,J D57 200 Phosphorus ~ Potassium
Soil texture Sand% Silt% Clay% Calcium Organic Nitrogen%
o o (ppm) (ppm)
carbonate% matter%
SR
e 24.5 45 30.5 9.75 0.95 0.12 23.6 400
Sandy

clay loam
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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.

Silez 5oy a4 ooy e 5o (1) el
(F Joo2) wod g jed o 2l 4 S o W
VoIV e b (F) ansloawl g celo VoIV L ol pg,0un
b dald 4 Ces a5 Wog Lo las (oS Cel
(F Jgaz) aslail b 4y Siales o0 VO 4 V8
£555 3 23 2 6i9d oo b sy 4 i
@leal b @ls ool )5 eanlin 1) (Jjaile anl)
(ol (1T ol b (g 90 Aisly lis &S Canl gunon
5 Pl 23 a5 0 S lempl sludld
wile Sialsr Syme slagygeye i o P
VY o Sen 5 55 o5lloe b & 1) ol e

! Zhang

Sogte &5 mlpgyaee (Al Al (pies
90 Camadl p aS o ls Slgtren glasilas b 0o S5 olxy
G5 g olS g5 b jlesd i sy 5,5l 5 gatiile;
laxsl cpl (V210 o Kes 5 Y LL) oS o oSG
S olge A gy S e Joily 5 e jsbas
Syei Lyl jo ol Laiul vo ol Jee Kal,
RN o..SL

(D10) j4ils> duo )3 ¥+ b yloj
Aoy Vow aawy ley gao,e VFE ol
@ o b oA gen S TS slayd po (Siailex
Sl S3ailsz 555 o9 YL U KL a5 90
5 () bl (V) Segpasl (F Jguz)



AR

Ol g el | g9 il i pt0 slooly il (5 0]y sy SO S o0 b jlai iy

Sl Sngapinl gl lad o ool cnnlin g
W o i &S 8,5 agi sloads 515 sle S g5l
slae pdden Bl b g sbbS e ol
g S g (Feeyse bl el (el
Ol 1y ol 15 glacnST 1ad casals 6[.%,;"};1
5 S wiS oo g |y Giailsz £955 loj g 00,S
Loy ool obul b (blie o (YA ) Ken
ladlas b 55 (F) agwlocl YL 599 5 melng,ie
3 w0l eolazwl WS 5 IiF A sl G;IM
s by Sdgilie Jolad pas slmy) b Wl oo oS o
Ak adls adsl (Sojalnsd slaanlp p giie oIl

(Y8 LS 5 uds))

Pl olnl b 5,98 s a5 ols plas Gy
2 Syl (olidign 5 (Soide b slaanld
9l S oo Hloe Daday 1) IS slaaxalS axwy g
2 o4 c om0l oS e b IS )3y jleS i
L oolyor Simulpg o ol oSy slojles B
P) Soaged Sl 5 O p55LS 2 )T ) ateelad
5 auppeS (Mol oyl S (L SIS S
Gledld b oy, Gnl ebios Cguie i )5
2 okS (2l oz b, lSg5le Sales 5 plnsy;
e 5l Js¥se 5 olendinn «Sigdsnid
Groml Jol w00, (6T olr 5enST b slaaiss
Glady; abols p et Cusli b 5 0oged Lad> 1) Jsbo
Slge g ol dgama mlne 5l colaiwl SIS (5 w4
sloadl il oo 2l 4y 5,8 Lalyl o, olae
5 e slaylSal, arwg tSuag Sldlae
Gl bl o8 3blie ;0 ol )sliS” (sl 48 potiyg i
@ Oad @ gy onl Ceddse o Sl 4 (Jb
2 sl s ae ol g cbile @8 e
31 (Kay ol s Ll 5 sl

! Ertani
2 Lutts



VFoF O oyl NY Jla ] o) o sl i g s Y.y

W ol Mo
o9 G Jgel 51 (59
anla )] dan A0l 3590 Egudge ol g Blodges cole, ale Limgh cpl Hlisl g pll p 1) IS Jguol Baiu s
o@w’ “93 QS)L\'&O
Jowe Julow (ailiid ol g b e dngi (gden] ose ((uuoylis] (il )d il o3l 5 ¢ wlie Je s g o owlid i,
wyllss ¢ gton] dome ¢ gjluygan £l de i daodls (6)913,5 ¢ gren] dese (plio {wlie e wn g ¢ 3a80 ¢ chen
Alis (53lopgrdo 13 (Solue yob & Mg dad . wlie e Ao rdgr ol f(ghan] doo g Cu e 155 orlus
cablge o b g oxilgd 1) dllie o0d piiie dStus (Bdiun gl dod Llatsly 8 )lie gdn g Lol Slawgiin (5,55 4
.J.Blob)f
&8Uo o)l
2l zile (o)l dlde oyl B aiww s Hleds! g Lo
b ol
orzels sl Blagsy B )3 _anbs golio 5 (55,5liS o0l syl Bie oSl b 5l Limad ol 5 o Coles
Lol 00 Pl}v‘

S Pl
e oS Lanb qlio 5 (55,5liS 0uSisl p e ) SKo ojugds 103,865l 1y Lo 050 ol Jsbo 53 45 SluS obes 5l
o)l sl dlie ol (35 )3 lisles bl 4 Sl i @3l 5l aioman o )b 1) (13508 5 S JleS (Lo

References &b

Ashraf, M., & Foolad, M. R. (2007). Roles of glycine betaine and proline in improving plant abiotic
stress resistance. Environmental and Experimental Botany, 59(2), 206-216.

Ashraf, M., & McNeilly, T. (2004). Salinity tolerance in Brassica oilseeds. Critical Reviews in Plant
Sciences, 23(2), 157-174.

Bewley, J. D., Bradford, K. J., Hilhorst, H. W. M., & Nonogaki, H. (2019). Seed priming: A
comprehensive review. International ~ Journal of  Molecular Sciences, 20(3),
705. https://doi.org/10.3390/ijms20030705

Canellas, L. P., & Olivares, F. L. (2014). Physiological responses to humic substances as plant growth
promoter. Chemical and Biological Technologies in Agriculture, 1(1), 1-11.

Elansary, H. O., Skalicka-Wozniak, K., & King, I. W. (2017). Enhancing stress growth traits as well
as phytochemical and antioxidant contents of Spiraeca and Pittosporum under seaweed extract
treatments. Acta Physiologiae Plantarum, 39(1), 13. https://doi.org/10.1007/s11738-016-2310-8

Ertani, A., Francisco, O., Tinti, A., Schiavon, M., Pizzeghello, D., & Nardi, S. (2018). Evaluation of

seaweed extracts from Laminaria and Ascophyllum nodosum spp. as biostimulants in Zea mays L.



Yof Ol g el | g9 il i pt0 slooly il (5 0]y sy SO S o0 b jlai iy

using a combination of chemical, biochemical and morphological approaches. Frontiers in Plant
Science, 9, 428. https://doi.org/10.3389/fpls.2018.00428

Goth, L., & Rass, P. (2004). A new method for determination of catalase activity. Analytical
Biochemistry, 332(1), 157-163. https://doi.org/10.1016/j.ab.2004.05.003

Halmer, P. (2005). Ornamental bedding plant industry and plug production, p. 27-38. In: McDonald,
M. B. and F. Y. Kwong (eds), 3, 231-242 https://doi.org/10.1079/9780851999069.0027

Hassan, M. U., Chattha, M. U., Barbanti, L., Mahmood, A., Afzal, 1., Rasheed, A., & Nawaz, M.
(2023). Seed priming with selenium and salicylic acid enhances growth, physiological, and
biochemical traits in oilseed rape (Brassica napus L.) under drought stress. Plant Physiology and
Biochemistry, 201, 107850. https://doi.org/10.1016/j.plaphy.2023.107850

Hayat, S., Hayat, Q., Alyemeni, M. N., Wani, A. S., Pichtel, J., & Ahmad, A. (2012). Role of proline
under changing environments: a review. Plant Signaling and Behavior, 7(11), 1456-1466.

Ibrahim, E. A. (2016). Seed priming to alleviate salinity stress in germinating seeds. Journal of Plant
Physiology, 192, 38-46. https://doi.org/10.1016/j.jplph.2015.12.011

Jisha, K. C., Vijayakumari, K., & Puthur, J. T. (2013). Seed priming for abiotic stress tolerance: an
overview. Acta Physiologiae Plantarum, 35(5), 1381-1396.

Khan, W., Rayirath, U. P., Subramanian, S., Jithesh, M. N., Rayorath, P., Hodges, D. M., Critchley, A.
T., Craigie, J. S., Norrie, J. & Prithiviraj, B. (2009). Seaweed extracts as biostimulants of plant
growth and development. Journal of Plant Growth  Regulation, 28, 386-399.
https://doi.org/10.1007/s00344-009-9103-x

Kotar, M. (2023). Advanced Methods in Seed Germination Analysis. Journal of Seed Science, 15(2),
45-60.

Lutts, S., Benincasa, P., Wojtyla, L., Kubala, S., Pace, R., Lechowska, K., Quinet, M., & Garnczarska,
M. (2016). Seed priming: New comprehensive approaches for an old empirical technique. In S.
Araujo & A. Balestrazzi (Eds.), New challenges in seed biology-Basic and translational research
driving seed technology. IntechOpen. https://doi.org/10.5772/64420

Machado, R. M. A., & Serralheiro, R. P. (2017). Soil salinity: Effect on vegetable crop growth.
Management practices to prevent and mitigate soil salinization. Horticulturae, 3(2),
30. https://doi.org/10.3390/horticulturae3020030

Mittler, R. (2017). ROS are good. Trends in  Plant  Science, 22(1), 11.
https://doi.org/10.1016/j.tplants.2016.08.002

Munns, R., & Tester, M. (2008). Mechanisms of salinity tolerance. Annual Review of Plant Biology,
59, 651-681. https://doi.org/10.1146/annurev.arplant.59.032607.092911

Paparella, S., Araujo, S. S., Rossi, G., Wijayasinghe, M., Carbonera, D., & Balestrazzi, A. (2015).
Seed priming: state of the art and new perspectives. Plant Cell Reports, 34(8), 1281-
1293. https://doi.org/10.1007/s00299-015-1784-y



Vo F ) ol Y Jla | o/l oo sloyicng 3y Yo

Rouphael, Y., & Colla, G. (Eds.). (2020). Biostimulants in agriculture [Special issue]. Scientia
Horticulturae, 196, 1-134.

Shukla, P. S., Mantin, E. G., Adil, M., Bajpai, S., Critchley, A. T., & Prithiviraj, B.
(2019). Ascophyllum nodosum-based biostimulants: Sustainable applications in agriculture for the
stimulation of plant growth, stress tolerance, and disease management. Frontiers in Plant Science,
10, 655. https://doi.org/10.3389/fpls.2019.00655

Soltani, E., & Maddah, V. (2024). Germin software user manual (Version 3.0). Seed Science Press. .
[In Persian]

Van Zelm, E., Zhang, Y., & Testerink, C. (2020). Salt tolerance mechanisms of plants. Annual Review
of Plant Biology, 71, 403—433. https://doi.org/10.1146/annurev-arplant-050718-100005

Zhang, H., Zhu, J., Gong, Z., & Zhu, J. K. (2022). Abiotic stress responses in plants. Nature Reviews
Genetics, 23(2), 104-119. https://doi.org/10.1038/s41576-021-00413-0



