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ABSTRACT: Seed priming with salicylic acid (SA) has been described as a method with potential 
to improve seed germination under unfavorable conditions. The present study aimed to evaluate 
the ability of seed priming with SA to attenuate the impact of water restriction during germination 
and early seedling growth of tomato. Seeds were subjected to different concentrations of SA (0, 25 
and 50 µM) and sowed on substrates at different percentages of the water holding capacity (20, 
30, 40 and 100%). The following variables were evaluated: germination, first count of germination, 
germination speed index, shoots/root length and dry mass, superoxide dismutase, ascorbate 
peroxidase and catalase activities, contents of hydrogen peroxide and of malondialdehyde. Water 
restriction significantly decreased the variables related to germination and seedling performance. 
Despite increasing germination speed and seedling development when combined with well-irrigated 
conditions, priming with SA negatively impacted those characteristics under water deficit conditions. 
That was through increases in superoxide dismutase activity and H2O2 accumulation. Thus, it was 
concluded that seed priming with SA does not improve tomato seed germination and early seedling 
growth under water deficit.

Index terms: antioxidant activity, drought stress, phytohormone, priming agent, ROS, Solanum 
lycopersicum L.

O condicionamento de sementes com ácido salicílico potencializa os 
efeitos induzidos pela restrição hídrica na germinação e crescimento 
inicial de plântulas de tomate

RESUMO: O priming de sementes com ácido salicílico (AS) tem sido descrito como um método 
com potencial para melhorar a germinação sob condições desfavoráveis. Objetivou-se avaliar a 
capacidade do condicionamento com AS em atenuar o impacto da restrição hídrica durante 
a germinação e crescimento inicial de plântulas de tomate. As sementes foram submetidas a 
distintas concentrações de AS (0, 25 e 50 µM) e semeadas em substratos a diferentes percentagens 
da capacidade de restrição de água (20, 30, 40 e 100%). As variáveis avaliadas foram: germinação, 
primeira contagem de germinação, índice de velocidade de germinação, comprimento e 
massa seca da parte aérea/raiz, atividades de superóxido dismutase, ascorbato peroxidase e 
catalase, conteúdos de peróxido de hidrogênio e malondialdeído. A restrição hídrica diminuiu 
significativamente as variáveis relacionadas à germinação e o desempenho das plântulas. Apesar 
de incrementar a velocidade de germinação e o desenvolvimento das plântulas quando aplicado 
em condições bem irrigadas, o priming com AS impactou negativamente tais características sob 
condições de déficit hídrico. Isto através de aumentos na atividade da superóxido dismutase e 
acumulação de H2O2. Assim, conclui-se que o condicionamento de sementes com AS não aprimora 
a germinação e crescimento inicial de plântulas de tomate sob condições de déficit hídrico.

Termos para indexação: atividade antioxidante, estresse hídrico, fitohormônio, agente priming, EROs, 
Solanum lycopersicum L..
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the most important extensively horticultural crops, ranked second after 
potato in terms of production and consumption worldwide (Singh et al., 2018). Its current world production is about 
182.3 million tons of fresh fruit (FAOSTAT, 2019), with the majority of production coming from countries located mainly 
between subtropical and temperate zones. With an annual production of 4.08 million tons (IBGE, 2020), Brazil is among 
the ten largest producers of this fruit.

As a tropical plant, the tomato species is well adapted to almost all climatic regions; however, environmental stress 
remains a primary constraint of tomato potential yield and quality (Ronga et al., 2018). Most tomato varieties are 
sensitive to drought stress, especially during early growth stages (George et al., 2013), which include seed germination 
and seedling initial growth. Due to the increasing global demand for fresh fruits and vegetables, the cultivation of 
tomatoes has been expanded, especially in semi-arid and arid regions where recurrent drought and water shortages 
are quite common (Kumar et al., 2017). Such cultivation requires precise water requirement estimates and adaptations 
of the irrigation program based on the needs of the plant and its growth conditions, leading to increase water use 
efficiency (Hooshmand et al., 2019).

During seed germination, salt and osmotic stresses are responsible for both inhibition or delayed seed germination 
and seedling establishment (Lopes et al., 2019; Silva et al., 2019). Producing plants that can withstand these stresses 
is a considerable challenge; therefore the development of scientific strategies for minimizing damages due to low 
water availability is warranted. One of the most used pre-sowing procedures to benefit seed germination is a process 
known as seed priming. Seed priming technology is widely used to synchronize germination, reduce emergence time, 
and improve crop establishment under stressful conditions (Ibrahim, 2016). Different types of molecules can be 
used in seed priming to promote tolerance to various abiotic stresses, including the stress associated with drought 
(Zheng et al., 2016). Growth regulators, among them salicylic acid (SA), have been used to increase seed germination 
and seedling performance in different crops. The mechanisms by which the SA generates these improvements are 
related to the protection of cell membranes, increases in carbon metabolism, antioxidant system, osmoprotection 
and photosynthetic pigments (Sharma et al., 2017), and the regulation of stress defense proteins such as glutathione 
S-transferases, APX and 2-cysteine peroxiredoxin (Kang et al., 2012). Senaratna et al. (2000) reported that seed priming 
with SA in tomato plants exposed to drought induced the capacity to retain a relatively high degree of turgidity and 
recovery upon watering. In regards to water scarcity however, little is known about the effects of pre-treatment with 
SA on tomato seed germination under this condition. In the present study, we investigate whether SA could be used 
to improve tomato seed germination and early seedling establishment under water restriction conditions, as well as 
further examine the biochemical changes underlying the germination process.

MATERIAL AND METHODS

Plant material and AS-water treatments

The experiment was carried out at the Seed Physiology Laboratory of the Universidade Federal de Pelotas (UFPel), 
Rio Grande do Sul, Brazil. One lot of commercial seeds of tomato (Solanum lycopersicum L.) v. Gaúcho/Maçã was used. 
The seeds were obtained in the 2018 harvest with germination of 93%.

To evaluate the responses of tomato seeds to priming with SA and drought during germination, the germination of 
primed seeds with SA of different concentrations (0, 5, 25, 50, 250, 500 and 1000 µM) or under different WHC levels 
(5, 10, 15, 20, 30 up 100%) was analyzed. For further experimentation, SA concentrations of 0, 25 and 50 µM and WHC 
levels of 20, 30, 40% and 100% for priming and water restriction treatments were used, respectively.

Firstly, seeds were embedded in SA aerated solutions at the following concentrations: 0 µM (priming with water), 
25 µM and 50 µM for 60 minutes. Seeds were then dried and stored under controlled conditions (15 °C; 40-50% RH) for 
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24 hours. Previous the installation of assays, determination of seed moisture content was completed using the oven drying 
method (105 °C for 24 h), before and after the priming with SA (Brasil, 2009). Moisture content of tomato seed previous seed 
priming was equal to 8.28 and after seed priming was 9.61, 9.32 and 9.33 for the SA solutions of 0, 25 and 50 µM, respectively. 
Thus ensuring that seed water content did not change enough to alter its physiological activity (Marcos-Filho, 2015).

Factor levels of water restriction were imposed using MecPlant® commercial substrate for horticultural seedlings at 
different water holding capacities (WHC: 20, 30, 40 and 100%) determined by gravimetric method (Cooper, 2016). The 
pine-bark/vermiculite based substrate had the following characteristics: pH= 5.3-5.8; EC= 1.2-1.7 dS.m-1; granulometry < 
06 mm; density = 375 g.L-1. With the aid of an ECH2O soil moisture sensors coupled to an ECH2O Check (Decagon Devices, 
Pullman, WA) was determined the volumetric water content percentage equivalent to every WHC of the substrate, being 
20, 30, 40 and 100 WHC equal to of 2.25, 4.66, 7.08 and 21.57, respectively. Moisture control was carried out daily by 
weighing the substrate and replenishing when necessary using a water sprayer to ensure uniform application.

Analysis of germination rate and seedling weight and length

A germination test was conducted using primed seeds (AS: 0, 25 and 50 µM) that were germinated in plastic germination 
boxes (11 cm x 11 cm x 3.5 cm) filled with substrate at the various WHC treatment levels. Each treatment consisted of 
three replicates divided in four subsamples of 50 seeds. Seeds were partially sunk but not covered by the substrate and 
maintained in germination chambers for photoperiods of 12 h (light) /12 h (dark), at 30 °C/20 °C (Brasil, 2009). 

Germination (G) percentage was determined following the Rules for Seed Testing (Brasil, 2009), by counting the 
number of germinated seeds at 14 days after sowing (DAS) using percentage of normal seedlings as the assessment 
criterion. First germination count (FGC) was determined at 5 DAS. Germination speed index (GSI) was also 
complementarily computed using the Maguire (1962) equation, for this variable, the criterion for considering a seed as 
germinated was the radicle visibly protruded from the seed coat by at least 2 mm.

Shoot and root lengths were measured in 14-day-old seedlings (120 from each treatment). Lengths were measured 
with a millimeter ruler. Seedlings were separated into shoots or roots, and then the various parts were packed in kraft 
bags and placed in a forced air circulation oven at 60 ± 2 °C until they reach constant mass and subsequently weighed 
on an analytical balance (0.001 g) to determine dry weight (Nakagawa, 1999).

Biochemical analyses

For antioxidant activity, tomato seeds collected at 48 hours after sowing were ground to a powder with a mortar 
and pestle with liquid nitrogen and homogenized with 20% (w/v) polyvinylpolypyrrolidone (PVPP) and 0.1 M potassium 
phosphate buffer (pH 7.8) containing 0.1 mM ethylenediaminetetraacetic acid (EDTA) and 0.02 M ascorbic acid. The 
homogenate was centrifuged at 12,000 × g for 20 min at 4 °C. The supernatant was used for enzyme assays. Total 
protein concentration was determined according to the Bradford method (1976). The activity of superoxide dismutase 
(EC.1.15.1.1) was measured according to a method of Giannopolitis and Ries (1977). The activity of ascorbate peroxidase 
(EC 1.11.1.11) was assayed as described by Nakano and Asada (1981) and catalase (EC 1.11.1.6) activity was assayed 
according to the method described by Aebi (1983).

Seed fresh matter collected at 48 hours after sowing was homogenized on liquid nitrogen with a mortar and pestle 
in 0.1% (w/v) trichloroacetic acid (TCA). The homogenate was centrifuged at 12,000 × g for 20 min at 4 °C and the 
supernatant used immediately for the following procedures. Lipid peroxidation was measured using a thiobarbituric 
acid (TBA) method (Cakmak and Horst, 1991). The concentration of malondialdehyde (MDA) was calculated as a 
measure of lipid peroxidation. The H2O2 content in tomato seeds was assessed using the Velikova et al. (2000) method.

Statistical analyses

Each treatment consisted of a minimum of three biological replicates, in a completely randomized design. Data 
were analyzed in a 3 × 4 factorial scheme (3 SA concentrations × 4 levels of WHC). The data were submitted to tests of 
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normality. When they met this assumption, measurements were subjected to analysis of variance (ANOVA) to discriminate 
any significant differences (p < 0.05) and means were compared by Tukey test (5%) using the SISVAR 5.6 statistical software 
program (Ferreira, 2014). Furthermore, principal component analysis (PCA) was performed to examine the relationships 
between variables and observations using the PAST (PAleontological STatistics) software version 3.20.

RESULTS AND DISCUSSION

The germination of tomato seeds was considerably affected by treatments, priming and WHC, and the interaction 
between these factors. Although the higher water availability was the most suitable for germination, there were 
differences in the germination pattern for the three SA concentrations used in each level of substrate moisture content 
(Figures 1A, C and E). In tomato seeds primed with water (SA 0 µM), the germination increased with water content 
enhancement (Figure 1B). The treatment of WHC 40% did not differ statistically from control (WHC 100%) and both 
favored the percentage of germination. However, in the treatments of WHC 20% and 30% the G was 12% and 8% lower 
than the control, respectively. When SA 25 or 50 µM was applied, the responses in the water levels differed. First, it was 
observed that these concentrations combined with the level of WHC 100% had germination values statistically equal 
to those of water priming. Second, higher concentrations of SA reduced G in water restriction levels, i.e. in WHC 40%, 
30% and 20%, in this last level there was germination equal to 0%. 

Seed priming with salicylic acid has been reported as a strategy to improve germination under drought conditions in 
rice (Li and Zhang, 2012; Samota et al., 2017) and wheat (Sharafizad et al., 2013) and to decrease the inhibitory effect of 
drought stress in tomato cv. Romano and beans (Senaratna et al., 2000). However, in this study, SA was observed to have 
an inhibitory effect when applied in combination with restricted water levels. This response could be associated also with 
the species/cultivar used as well as the time and duration when the water deficit was imposed in each experiment. On the 
other hand, the results of this work are in agreement with other studies indicate that SA could inhibit the germination of 
Arabidopsis, barley and corn (Rivas-San Vicente and Plasencia, 2011), by modulating the expression of enzymes such as 
catalase or potentiate the stress response of the germinating seedling (Pokotylo et al., 2019).

SA and drought generated a synergic action inhibiting tomato seed germination. It is known that the imbibition 
phase re-actives enzymes involved in seed reserve mobilization in order to sustain embryo growth. Tomato seed 
endosperm contains large amounts of galacto(gluco)mannans, and the weakening of this endosperm cap by enzymatic 
hydrolysis, results from the activity of endo-β-mannanase, β-mannosidase and α-galactosidase, specially the endo-
β-mannanase activity has been generally recognized as marker for tomato germination (Moles et al., 2019). In some 
species, that requires the activity of this enzyme to germinate, have been reported that its production is inhibited by 
increasing concentrations of salicylic acid (Kontos and Spyropoulos, 1996). 

First germination count as a variable showed interdependence between the factors studied. Pre-soaked seeds 
in water, when sowed at the lowest WHC, showed a 72% decrease in relation to the control of WHC (Figure 1D). In 
the combination treatment of SA 0 μM and low levels of WHC, the FGC was always higher compared to SA 25 and 50 
µM, which reached values close to zero, while at WHC 100% there was no difference. The germination speed index 
presented significance in the interaction between SA and WHC, always being higher in WHC 100% treatments, with 
or without SA, and decreasing as water content decreased (Figure 1F). A GSI reduction was observed in seeds primed 
with water and WHC 20% (0.45-fold lower than at WHC 100%). Treatments of SA 25 and 50 μM with WHC 30% and 
40% resulted in lower GSI, which were 16 and 4 times lower than with no SA, respectively. On the other hand, in 
WHC 100% the GSI was significantly higher in seeds conditioned with SA at 50 μM (1.2-fold higher). Additionally, the 
daily computation for GSI allowed observing that, when increasing SA concentrations were applied at WHC 100%, the 
emergence of the radicle was anticipated from the third day (Figure 1A) to the second after sowing (Figures 1C-E).

Germination processes are dependent on the water potential of the substrate, as the water potential is reduced, the 
seeds need a longer time to complete the imbibition process and to germinate (Pereira et al., 2012). Also, it is related 
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Figure 1. Effects of seed priming with SA and levels of WHC on tomato seed germination. Daily accumulated germination 
of tomato seeds primed with 0 (A), 25 (C) and 50µM (E) SA under water restriction conditions (WHC: 20, 30, 40 
and 100%). Germination (G) percentage of tomato seeds at day 14 (B). First germination count (FGC) of tomato 
seeds at day 5 (D). Germination rate index (GSI) of tomato seeds (F). Each data presents the mean ± standard 
deviation. Different uppercase letters indicate significant statistical differences between the WHC treatments; 
different lowercase letters indicate significant statistical differences between the SA treatments (p < 0.05).

about the importance of the concentration of SA used for improve seed treatment according to the species studied. In 
tomatoes, Hayat et al. (2008) found that plants subjected to water limitation were benefited by the application of SA of 
10 µM, Senaratna et al. (2000) showed that concentrations between 100-500 µM of SA induced a tolerance to multiple 
stresses, Gharbi et al. (2018) improved tolerance to salt stress using 10 µM of SA. In none of these studies was applied 
seed priming with SA and water limitation simultaneously. Thus, these findings suggest that SA concentrations that result 
in beneficial for tomato plants under well-watered conditions (in the present work) and stressed conditions in already 
established plants (in the referenced works) did not mitigate the effects of water restriction during seed germination.
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The shoot dry weight and, in a greater extent the shoot length, of tomato seedlings were significantly shortened 
by the lower WHC and, in different ways, by SA priming. Root dry weight and length were not influenced by WHC 
levels, but they were affected by SA concentrations (Figure 2). Seedlings showed higher shoot length as water content 
increased (Figure 2A), with the highest dry weight being found at WHC 100% (Figure 2B). 

It is known that the development of shoots can be affected by the availability of water in the soil, which negatively 
affects the mobilization of seed reserves to the seedling reducing its growth and development (Morais et al., 2020), 
consequently reducing its growth and development. SA application in treatments of WHC 40% resulted in up to 47% 
decrease of shoot growth. This decrease of shoot length and dry weight of seedlings germinated from seeds treated 
with increasing doses of SA and WHC 40%, could be a product of late germination as well as of oxidative stress induced 
by the application of SA. Even though the root length and dry weight of the seedlings were equal at different WHC 
levels, the SA application tended to decrease the length and increase slightly the root biomass. Interestingly, seedlings 
treated with the combination of SA and WHC 100% exhibited higher shoot length (up 12%). Previous works indicate 
that seedling performance is improved by SA priming in wheat and bean seedlings (Hayat et al., 2008; Agostini et al., 
2013; Yamamoto et al., 2014). This is due to the increase in the activity of many enzymes involved in the metabolism of 
carbohydrates, proteins and lipids, involved in the mobilization of stored reserves condition that allows the early and 
superior emergence of seedlings (Varier et al., 2010; Sharma et al., 2017).

Results showed that SOD activity was significantly affected by water content and also by SA priming, and the 
interactions between these treatments (Figure 3A). Seeds from priming with water had lower activities of SOD, the 
lowest being at WHC 30% (~40% lower than for other WHC levels). Priming with SA 25 and 50 µM increased the SOD 
activity, with emphasis in the combination treatment with WHC 20%, where an increase of approximately two times its 
activity was observed. SOD activity was also higher in WHC 30, 40 and 100% when compared to those without SA (2.19-

Figure 2. Effects of seed priming with SA and levels of WHC on tomato seedling growth. Length of shoots and roots of 
tomato seedlings at 14 DAS (A). Fresh weight of shoots and roots of tomato seedlings at 14 DAS (B). Each data 
presents the mean ± standard deviation. Different uppercase letters indicate significant statistical differences 
between the WHC treatments; different lowercase letters indicate significant statistical differences between 
the SA treatments (p < 0.05).
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Figure 3. Effects of seed priming with SA and levels of WHC on tomato seed antioxidant activity. Enzimatic activities of 
SOD (A), CAT (B) and APX (C). Each data presents the mean ± standard deviation. Different uppercase letters 
indicate significant statistical differences between the WHC treatments; different lowercase letters indicate 
significant statistical differences between the SA treatments (p < 0.05).

fold, 1.25-fold and 0.7-fold activity increases respectively). Activation of enzymatic antioxidants is commonly related to 
the reduction of ROS-induced oxidative damages (Ibrahim, 2016). SA induced higher SOD activities in all WHC levels, 
an enzyme that is known to be the first involved in the defense system, converting superoxide anion to H2O2, activating 
from this moment the action of secondary neutralizing enzymes, such as CAT, APX and GPX (Pereira et al., 2012).

The activity of CAT remained almost unchanged for the different combinations of SA and WHC (Figure 3B). There 
was no influence observed for the different levels of SA in water contents of 20, 30 and 100%. When sown at WHC 40% 
and primed with SA 50 μM, enzymatic activity was found to be significantly higher (45% higher). Studies indicate that 
the activity of CAT is correlated with the rate of germination of tomato seeds (Badek et al., 2016).

APX activity was influenced by both factors applied. As shown in Figure 3C, the enzymatic activity was enhanced by 
the increase of water in substrate. In seeds primed with water, the enzyme reached its highest activity at WHC 100% 
(4.7-fold higher). Research refers to the inactivity of the APX in quiescent seeds emphasizing that its activity begins a 
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few hours after the beginning of the imbibition (Pires et al., 2016) and the rapid recovery of its activity is crucial for 
seed germination and early development of seedlings (Fercha et al., 2014). In this way, a connection can be made 
between the increase of water in the substrate, a faster imbibition and consequently, activation of the APX, as observed 
by Morais et al. (2020). SA concentrations used for priming seeds germinated under water restrictions enhanced the 
activity of APX (1.3-fold and 2.2-fold for SA 25 and 50 µM, respectively). SA concentrations have no effect in this 
variable at WHC 100%.

Lipid peroxidation assessed by malondialdehyde (MDA) content in seeds showed significant differences as a result 
of SA and WHC treatments (Figure 4A). In seeds primed with water, MDA content was increased under water restriction 
treatments and was lowest in WHC 100% (~25% lower). SA priming in tomato seeds reduced levels of MDA in WHC 20 
and 30%, being 0.25-fold lower for these treatments. Decreases in lipid peroxidation as a result of priming with SA have 
also been reported as a product of the activation of antioxidant enzymes (Yan, 2015).

Hydrogen peroxide levels in seeds were also significantly affected by the different treatments and the interactions 
among them (Figure 4B). Priming with water induced a lower concentration of H2O2 in seeds sowed at WHC 20% (0.4-
fold lower than the other WHC levels). Application of SA resulted in an increase of H2O2 levels in treatments at WHC 
20% (0.6-fold higher), while at WHC 30% no effect of SA application was observed. Interestingly, at WHC 40% this effect 
was reversed, since the use of SA resulted in a decrease of the content of H2O2 (about 0.3-fold). However, at WHC 100% 
differences in hydrogen peroxide levels were not observed in seeds applied with SA. 

Oxidative damage caused by overproduction of ROS is a major problem in water stress conditions (Gill and Tuteja, 
2010). H2O2 accumulation determined in a greater extent the results obtained, product of the increase in SOD activity 
accompanied by the non-increase in CAT and low-increase in APX activities in SA primed seeds under WHC 20%. 
The PCA presents a more holistic picture of this relation (Figure 5). This figure allows viewing separation or groups 
between the different treatments and to quantify those variables that mostly contribute for this classification. Figure 
5 shows the first two principal components as accounting for 75.11% of the variance in the data (having eigenvalues 
larger than 1). The first principal component explained 55.73% of the variance of the data. The variables germination, 
first germination count, speed index, length and dry mass of shoots and roots and also H2O2 content were strongly 
correlated and determined to a great extent the distance between the treatments. This first component separated the 

Figure 4. Effects of seed priming with SA and levels of WHC on tomato seed lipid peroxidation and hydrogen peroxide 
content. Level of MDA (A) and H2O2 (B) content. Each data presents the mean ± standard deviation. Different 
uppercase letters indicate significant statistical differences between the WHC treatments; different lowercase 
letters indicate significant statistical differences between the SA treatments (p < 0.05).
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treatments in the biplot between those with no or almost no germination and greater accumulation of H2O2 (left) and 
those with higher germination and lower concentrations of H2O2 (right). The second principal component represents 
19.38% of the remaining variance of the data, being a product to a greater extent of the influence of the activity of the 
antioxidant enzymes, distributing in the graph the treatments with greater enzymatic activity above the X-axis. Finally, 
a third principal component not represented in the graph but with an eigenvalue higher than 1, was defined to a great 
extent by the MDA content variable, which was strongly related to the treatments of SA 0 μM and water restriction.

This result agrees with those reported in the cases of Arabidopsis (Li et al., 2020) and rice (Chao et al., 2010), 
where there was an increase in hydrogen peroxide levels by the increase of SOD activity, as well as the inactivation 
of degrading enzymes of H2O2, catalase among them . ROS are involved as signal molecules in a series of important 
biological processes including induction of germination and dormancy relief. However, in severe environmental stresses, 
overproduction of these results in damage to seed development and suppresses germination of mature seeds (Wojtyla 
et al., 2016). During seed germination, due to various processes, such as the degradation of fatty acids in glyoxylate 
cycle, it is necessary a high expression and activity of CAT related to the removal of H2O2 (Mhamdi et al., 2010; Anjum 
et al., 2016). While studying two tomatoes genotypes, Moles et al. (2019) concluded that increases in catalase activity 
coped with high hydrogen peroxide content in one genotype, contributing to scavenge oxidative stress and allowing the 
germination completion. Conversely, in other genotype with lower catalase activity, seeds were impaired by the stress 
to conclude properly the germination process. Shi et al. (2014) even suggest that CAT plays more important role than 
other enzymes in scavenging excessive hydrogen peroxide in water stress conditions. Thus, although the activity of CAT 
and APX were not inhibited by SA, it is logical to think that increases in hydrogen peroxide would consequently require 
an increase in the activity of these enzymes to complete the germination process under stress.

CONCLUSIONS

Levels of WHC equal or below to 30% reduce the germination of tomato seeds. 
Seed priming with SA 25 or 50 µM enhance GSI and seedling shoot length at WHC 100%. However when combined 

with water deficit levels, both decrease G, FCG, GSI, and seedling development at the same time as increase H2O2 

content, SOD and APX activity.

Figure 5. Biplot of the principal component analysis of tomato seeds and seedlings treated with different SA 
concentrations and sowed under different levels of WHC.
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In summary, salicylic acid did not induce tolerance to water restriction in tomato seeds and seedlings. In contrast, 
SA potentiates the effects induced by water restriction during the germination process.
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