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Salicylic acid (SA) plays a crucial role in regulating various physiological
mechanisms, including; germination, growth, flowering and fruit ripening. Here,
the impact of seed priming of tomato (Tina) with SA on indicators of seed
germination, seedling growth and quantitative and qualitative characteristics of the
fruit was examined under field conditions. The treatments included seed priming
in SA solution with zero, 0.10, 0.25 and 0.50 mM for a duration of 24 h. Then, the
early seedlings obtained from SA priming (0.25 and 0.50 mM) were grown in the
greenhouse and transferred to the field. The results showed that SA led to the
significant increase in seed germination properties, also an increase in all the traits
of the seedlings, the effect of 0.50 mM was more significant, so that compared to
the control, this concentration increased the seed germination percentage and speed
(16% and 28 % respectively) and the dry weight of seedling shoot (124%).
Moreover, SA contributed to the enhancement of measured field traits and the
qualitative of fruit extract, such as carotenoid, ascorbic acid levels, acidity and total
soluble solids, and for all traits, except for the number and weight of fruit per plant,
no difference was observed between the two concentrations of SA. The highest
number and weight of fruit was obtained from the 0.50 mM treatment and the fruit
yield increased by 75% compared to the control. Overall, due to the small
consumption of chemicals and the ease of used, SA priming will help to reduce
production costs.
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EXTENDED ABSTRACT

Introduction

Solanum lycopersicum (Solanaceae) is an important and
commercial crop and contains the most efficient
antioxidants that protect cells against damage by scavenging
free radicals. Seed priming is a low-cost and effective
physiological process that leads to stimulation of seed
germination and increased plant yield. Hormonal seed
priming plays an important role in seed metabolism and is
widely used in commercial seeds. Salicylic acid (SA) is
considered a plant hormone with strong potential due to its
diverse regulatory role in plant metabolism, and it is an
endogenous regulator of plant growth that plays a key role
in regulating growth and development as well as in response
to environmental stresses. In addition, its role in the
processes of glycolysis, seed germination, ion absorption
and transport, photosynthesis rate, stomatal conductance,
transpiration, flowering, and fruit yield has been
established. Studies with SA treatment have been conducted
on a specific stage of plant growth, including seed
germination, greenhouse growth, or fruit production in pots
under controlled environmental conditions. However,
although a few experiments have studied the effect of SA
treatments on plants in the field, the number of experiments
that have studied the effect of SA from the germination
stage, seedling development in the greenhouse to plant
growth and fruit production in the field is limited. Therefore,
the present study was conducted to investigate the effect of
SA treatments as seed priming on germination, seedling
production, and quantitative and qualitative yield of tomato
fruit in the field.

Materials and Methods

Three experiments (seed germination in Petri dish, seedling
production in greenhouse and field experiment) were
conducted. The treatments at the stage of germination and
seedling production included seed priming in distilled water
(control) and SA solution with concentrations of 0, 0.10,
0.25 and 0.5 mM for 24 hours. After 7 weeks, seedling
related parameters were measured. The field experiment
was conducted in the research farm of the Faculty of
Agriculture of Bahoner University, Kerman, and seedlings
produced in the greenhouse were used under seed priming
treatments at the levels of 0, 0.25 and 0.5 mM of SA. The
recording of vegetative and physiological traits was
conducted 60 days after the seedlings were transferred to the
field and before the appearance of the tomato flower
clusters. The fruit harvest began on July 1 and continued
until September 25. Statistical analysis was performed using
SPSS software (version 22) and DMRT (p=0.05) was used
to compare the means.

Results and Discussion

In general, compared to the control, the effect of different
SA concentrations on seed germination percentage and rate
was significant, but no difference was observed between the
SA concentrations. 0.5 mM SA resulted in a 16% increase
in germination percentage, a 28% increase in germination
rate, a 100% increase in seedling height, a 124% increase in
shoot dry weight, and a 65% increase in root dry weight. At
the seedling stage, although no significant difference was
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observed between the SA concentrations in most cases, the
0.5 mM treatment significantly increased the shoot and root
dry weight of the seedlings. The results of the field
experiment showed a significant difference between the two
concentrations of 0.25 and 0.50 mM SA in fruit number and
weight. The 0.5 mM concentration increased plant dry
weight by 60%, the number of lateral branches by 68%, the
number of flowering branches by 70%, total chlorophyll by
40%, leaf chlorophyll concentration by 18%, the number of
fruits per plant by 53%, and the fruit weight per plant by
75%. The effect of different SA concentrations on all
qualitative fruit traits was significant, but no difference was
observed between the two concentrations of 0.25 and 0.50
mM SA. The 05 mM SA concentration increased
carotenoid content by 18%, vitamin C by 32%, titratable
acidity (TA) by 18%, and the percentage of total soluble
solids (TSS) in fruit extract by 22%, while it reduced the pH
of the fruit extract by 18%.

The effectiveness of seed priming in SA solution depends
on various factors, including plant species, priming
duration, and its concentration. It seems that SA improves
growth parameters by enhancing root and shoot growth,
thereby aiding in the absorption and transport of water and
mineral nutrients. The positive effects of SA application on
growth and biomass accumulation are due to the
preservation of photosynthetic pigments and increased CO2
absorption and fixation. Furthermore, SA increases plant
growth by maintaining levels of auxin and cytokinin
regulators in the plant, resulting in increased cell division in
the apical meristems of the root and stem. Evidence suggests
that SA plays a significant role in regulating photosynthetic
processes in plants through its effect on stomatal function
and chlorophyll content, and by maintaining and improving
the root system, it enhances nutrient absorption, leading to
an increase in the number and size of fruits. Seed priming
with SA also improves plant performance by affecting the
increase in activity and translocation of stored nutritional
elements required for plant growth and inducing antioxidant
defense mechanisms. A concentration of 0.5 mM SA
improved the quality of fruit extract by increasing TSS and
decreasing pH. The use of SA improves the TSS content of
the fruit regardless of the application method.

Conclusion

The present study demonstrated that seed priming with SA
solution improved the percentage and rate of germination,
growth and development, yield, and qualitative traits of
tomato fruit. Although no significant difference was
observed between SA concentrations compared to the
control during the germination stage, the 0.5 mM
concentration significantly improved seedling growth. Most
of the measured traits in the field did not show a difference
between the two concentrations of 0.25 and 0.5 mM, but the
0.5 mM concentration significantly increased the number of
fruits per plant, which led to an increase in fruit yield per
plant as the most important economic indicator. Therefore,
in general, seed priming, due to its minimal chemical
consumption and ease of application, will greatly contribute
to environmental protection, reduction of production costs,
and enhancement of both quantity and quality of fruit.
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Table 2- Variance analysis of germination parameters and seedling growth under SA treatments
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12 22.96 0.03 0.33 2474 12.56
Error
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, - Non-significant and significant at 5 and 1% of probability levels, respectively.
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Table 3-Impact of seed priming with SA solution on the parameters of seed germination and seedling growth of tomato
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0 80° 24° 3.8°P 129¢ 43¢
0.10 912 2.8 6.32 211¢ 61°
0.25 932 29 7.1 236" 63°
0.50 932 3.072 782 2892 718
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In each column, the means followed by at least one common letter, are not statistically different using LSD at 1% of probability level.
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Table 4- Variance analysis of SA treatments on physiological parameters and tomato growth in the field.
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Table 5- Priming effect of of SA on growth and biochemical parameters of tomato in the field.
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Salievlic acid Total chlorophvll dBs s Plant dry Number of  Number of  Number of  Fruit weight
(r}rllM) (mg.g” F\%)y SPAD weight lateral flowering fruits per per plant
-8 (2) branches branches plant (kg)
0 10.92° 44° 401° 11.0® 17° 295¢ 28¢
0.25 14,108 51 6182 1752 272 39.2° 4.4b
0.50 15242 522 6402 1852 292 4532 492
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In each column, the means followed by at least one common letter, are not statistically different using LSD at 1% of probability level.
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Table 6- Variance analysis of tomato fruit quality parameters under different SA treatments.
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Table 7- The priming effect of different concentrations of SA solution on the quality characteristics of tomato product

pH
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N e 56055 eSS Ae e e Sk Acidity of fruit Aoy Ao
Salicylic acid Carotenoid Ascorbic acid extract TA TSS
(mM) (mg.g' FW) (mg.100ml") (%) (%) (%)

0 28.0° 250 492 34° 4.35°

0.25 32.1° 312 40° 402 5172

0.50 329¢ 332 40° 402 5.30°
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In each column, the means followed by at least one common letter, are not statistically different using LSD at 1% of probability level.
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