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Extended abstract

Introduction

Water stress is a critical factor limiting agricultural productivity worldwide, adversely affecting seed
germination and plant growth. Water-deficit stress poses significant challenges to achieving optimal
crop production by reducing germination rates, root development, nutrient uptake, and chlorophyll
synthesis. Seed priming has emerged as a promising strategy to enhance crop tolerance to abiotic
stresses. This technique not only improves seed germination and seedling growth under stressful
conditions but also accelerates plant development, reduces the growth cycle duration, and increases
overall crop yield. Stevia (Stevia rebaudiana Bertoni), a medicinal plant and natural sweetener from the
Asteraceae family, is native to Paraguay, South America, and is now cultivated in many countries
worldwide. Its high sweetening capacity and non-caloric properties have made stevia a plant of
considerable economic significance globally. This study aimed to evaluate the most effective seed
priming methods to enhance the germination and early growth of stevia under drought stress, thereby
supporting its cultivation in arid and semi-arid regions.

Materials and methods

The study was conducted as a factorial experiment in a completely randomized design with three
replications during 2023—-2024 at the Seed Research Laboratory, Faculty of Agriculture, Ferdowsi
University of Mashhad. The experimental factors included two Stevia rebaudiana ecotypes (Chinese and
Indian), seven seed priming treatments [non-primed (control), hydropriming, strigolactone (SLs),
forchlorfenuron (CPPU), selenium (Se), combination of CPPU + SLs, and combination of SLs + Se], and
four water stress levels (0, —0.25, —0.5, and —1 MPa). Osmotic stress levels were simulated using
polyethylene glycol 6000 (PEG 6000). Germination was monitored daily from the second day of the
experiment. The number of germinated seeds was recorded daily, and germination traits, including
germination percentage (assessed on day 11, with radicle emergence as the germination criterion),
germination rate, mean germination time, mean daily germination, daily germination rate (inverse of
mean daily germination), seedling length, and seedling vigor index (based on length), were measured.
Data analysis was carried out using SAS 9.1 software, and mean comparisons were performed using the
LSD test at a 5% probability level.

Results and discussion
The results of this experiment indicated that in the Indian ecotype, the germination percentage in the
combined treatment of SLs and Se reached 70%, showing a 15% increase compared to the control
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treatment. Additionally, the germination rate in this treatment reached 9.13 seeds per day, which was
double the lowest rate observed in the control treatment. Similarly, the highest mean daily germination
and seedling vigor index were recorded in seeds primed with the combination of SLs and Se, reaching
3.18 seeds per day and 164.4, respectively. Seedling length achieved its highest average in the combined
treatment of SLs and CPPU, indicating a significant improvement compared to the control treatment.

Conclusion

Overall, under non-stress conditions, the combined treatment of SLs + Se in the Indian ecotype and the
SLs treatment in the Chinese ecotype effectively enhanced seed germination traits. The Indian ecotype
demonstrated greater tolerance to water stress compared to the Chinese ecotype and responded more
favorably to priming treatments. The combination of SLs and Se was identified as the most effective
priming treatment, significantly improving the germination and early growth of stevia plants.
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Table 1. Calculation formulas of traits studied in the experiment

Traits lio FormulaJge ,¢ Reference gl

Germination percentage ETH [ESRWIN GP = (Nx100) / M (ISTA, 2010)

Germination rate &4y s GR =>Ni /ti (Pagter et al., 2005)

Mean germination time S4lgz ol je Sibe MGT =Y Ni/>N (Ellis and Roberts, 1981)

Mean of daily germination ail39; o algn il MDG=N/T (Hoogenboom and Peterson, 1987)

Germination value Si4lez b3, GV = MCGP#Hi (Panwar and Bhardwaj, 2005)
ablS s Job sty SVI(1) =GP xSL (ISTA, 2010)

=ti « Salez 5l e slaje, slaws =Ni o Galsz 0,98 IS Jobo =T oads aisls slo,ds JS =M ¢ iolejT (,LL 50 e0jaile slo,d JS ggemme =N

azals Job -SL « rezs Jailgz> do s iSTas =MCGP « Sjailex £4,5 51 s slojs, oloss
N = Total number of germinated seeds at the end of the experiment, M = Total number of seeds planted, T = Total length of
germination period, Ni = Number of days after germination, ti = Number of days after germination, MCG MCGP = Maximum

percentage of germination cumulative, SL = Seedling length
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Fig. 1. Interaction effects of water stress and seed priming on germination percentage of stevia ecotypes. HP:
Hydro-priming; Se: Selenium; SLs: Strigolactone; CPPU: Forchlorfenuron
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Fig. 2. Interaction effects of water stress and seed priming on germination rate of stevia ecotypes. HP: Hydro-
priming; Se: Selenium; SLs: Strigolactone; CPPU: Forchlorfenuron
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Fig. 3. Interaction effects of water stress and seed priming on mean germination time of stevia ecotypes
HP: Hydro-priming; Se: Selenium; SLs: Strigolactone; CPPU: Forchlorfenuron
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Table 2. Analysis of variance of the effects of water stress and seed priming on germination indices of Indian and Chinese

stevia ecotypes
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! A g oes1 8™ 12857 18.797 55 332" 13.61" 5982061
Water stress (W)
Sk 6 3163 5EA™ 0.93" 027 018 0.89" 2949.32™
Priming (P)
w9l 1780424 47937 39.45° 36.97%  21.2" 201.01 639036.8™
Ecotype (E)
W x P 18 110.92° 351" 0.55™ 023° 019" 1.02% 2737.36™
W x E 3 17059®  6.13" 4.06™ 0.35 073" 038  14869.6™
PxE 6 1157 1.36" 0.38™ 0.24m 02" 126" 2589.13"
WxPxE 18 198.38"  4.24™ 0.45™ 041 028" 071" 2539.73"
b 5 68.74 1.78 0.21 0.14 008 015  547.21
Error
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CV (%)
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ns, *, and **: non-significant and significant at 5% and 1%, respectively. GP: Germination percentage; GR: Germination rate;
MGT: Mean germination time; MGD: Mean daily germination; GV: Germination value; SL: Seedling length; SVI: Seedling

vigor index (length)
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Fig. 4. Interaction effects of water stress and seed priming on mean daily germination of stevia ecotypes. HP: Hydro-
priming; Se: Selenium; SLs: Strigolactone; CPPU: Forchlorfenuron
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