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ABSTRACT: Purple corn (Zea mays L.) is a nutraceutically valuable crop due to its high 
content of antioxidant pigments. Salicylic acid (SA), a phytohormone, plays a key role 
in modulating physiological processes and enhancing stress tolerance. This study investi-
gated the effects of varying SA concentrations (0.5, 1.5, and 5 mg) on growth and pho-
tosynthetic pigment production in purple corn seedlings grown in vitro on agar-agar. 
Measurements included root, stem, and leaf lengths, along with chlorophyll a, chloro-
phyll b, and carotenoid concentrations in methanolic leaf extracts. Treatments with 0.5 
and 1.5 mg SA significantly promoted growth and pigment accumulation, particularly 
carotenoids, whereas the 5 mg dose substantially inhibited these parameters, indicating 
toxicity. These findings suggest that low doses of SA act as biostimulants, improving phys-
iological health and photosynthetic efficiency, and hold promise as an agrotechnological 
approach for producing high-value nutraceutical seedlings.
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1. INTRODUCTION

Purple maize (Zea mays L.) is a traditional pigmented
variety of great agroecological, cultural, and nutraceutical 
importance in the Americas, particularly in Mexico, where its 
cultivation dates back centuries and represents a fundamental 
element of regional diet and identity. This variety is charac-
terized by its high content of phenolic compounds, mainly 
anthocyanins, which confer its distinctive purple color, potent 
antioxidant activity, and health-promoting properties, includ-
ing anti-inflammatory, antidiabetic, and anticancer effects 
(García Reyes et al., 2022; Tepixtle Colohua, Reyes Trejo & 
Saucedo, 2025; Kim et al., 2023; Rabanal Atalaya & Medina 
Hoyos, 2021). Beyond its cultural and dietary relevance, 

purple maize represents a valuable option for the agroindus-
try and technological innovation, offering a high-value prod-
uct with multiple functional applications (Saltos et al., 2021; 
García Reyes et al., 2022; Kim et al., 2023).

The accumulation of polyphenolic compounds, along with 
the development and functional integrity of photosynthetic 
pigments such as chlorophylls and carotenoids, are dynamic 
processes finely regulated by physiological, genetic, and envi-
ronmental factors. The proper synthesis and maintenance 
of these pigments are essential for efficient light energy cap-
ture, biomass production, and plant growth; therefore, their 
modulation directly impacts crop productivity and qual-
ity (Elango et al., 2023; Qaderi, Martel & Strugnell, 2023; 
Zahara et al., 2024). Photosynthetic pigment concentrations 
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and anthocyanin levels also respond to stress conditions, high-
lighting their role in plant defense and secondary metabolism 
(Ogunsiji, 2023; Arruda et al., 2023; Rashid et al., 2025).

Among the substances employed to improve crop growth 
and stress tolerance, salicylic acid (AS) has gained consider-
able attention. AS is a key phytohormone regulating growth, 
photosynthesis, pathogen defense, and stress tolerance, and it 
modulates both primary and secondary metabolism (Khan, 
Poor & Janda, 2022; Yang et al., 2023). Across diverse 
crops—including legumes, cucurbits, cereals, and solana-
ceous species—exogenous AS application has been shown to 
enhance chlorophyll and carotenoid content, improve water 
relations, increase biomass, and activate antioxidant defenses 
under salinity, drought, and other stresses (Rashid et al., 
2025; Ogunsiji, 2023; Alyemeni, 2014). In particular, AS 
treatments have been linked to improved pigment stability, 
photosynthetic efficiency, and the accumulation of bioactive 
compounds in horticultural and agronomic crops (Smith & 
Jones, 2019; Shasmita et al., 2019; Li et al., 2022).

In the context of purple maize, the interaction between 
AS and anthocyanin biosynthesis, as well as chlorophyll and 
carotenoid production, remains relatively underexplored. In 
vitro culture on solid media provides a controlled and precise 
platform to evaluate the effects of AS on growth, structural 
health, photosynthetic efficiency, and secondary metabolite 
accumulation, allowing detailed analysis of its impact on 
plant development (Larqué Saavedra et al., 2010; Dzib Ek 
et al., 2021; Serrano Peraza & Rivas Flores, 2023). The pres-
ent study evaluated the effect of different AS concentrations 
on growth, physiological health, and photosynthetic pigment 
production in purple maize seedlings cultured in vitro on agar, 
aiming to provide evidence supporting its use as a biostimu-
lant and as an innovative strategy in modern agrotechnology.

2. METHODS

Purple maize seeds were obtained from local farmers in 
Ich-Ek (Campeche, Mexico). Seed cleaning and surface dis-
infection followed conventional procedures widely applied in 
physiological and agronomic experiments involving Zea mays, 
where sterilization steps are required to ensure aseptic germi-
nation and to avoid microbial interference during early seed-
ling development, as noted in studies evaluating salicylic acid 
(AS) effects under controlled conditions (Tucuch-Haas et al., 
2016; Zamaninejad et al., 2013).

Seeds were washed, cleaned of mechanical impurities, and 
subsequently disinfected by immersion in a 2% NaClO solu-
tion for 10 min, followed by several rinses in sterile distilled 
water, consistent with the aseptic preparation commonly 
reported in in vitro or semi-in vitro assays employing maize 

or other horticultural species exposed to AS (Larqué-Saavedra 
et al., 2010; Sánchez-Chávez et al., 2011).

The culture medium consisted of a 0.5% (w/v) agar-agar 
suspension, previously dissolved by heating to boiling and 
sterilized at 121 °C for 15 min. Solid culture media have 
been routinely employed in AS-related germination and early 
growth studies, allowing precise control of root, hypocotyl, 
and leaf development in seedlings (Dzib-Ek et al., 2021; 
Valdez Sepúlveda et al., 2015).

Salicylic acid was dissolved in sterile distilled water to pre-
pare four experimental treatments: 0 mg L–1 (solvent control), 
0.5 mg L–¹, 1.5 mg L–¹, and 5.0 mg L–1. The use of graded 
AS doses is consistent with literature documenting its regu-
latory roles in germination, photosynthesis, nutrient uptake, 
and biomass accumulation in several crop species, including 
tomato, chili, maize, and bean (Anchondo-Aguilar et al., 
2011; Larqué-Saavedra et al., 2010; Serrano-Peraza & Rivas-
Flores, 2023; Tucuch-Haas et al., 2017).

Once the medium reached a workable temperature but 
prior to solidification, AS was incorporated to achieve the final 
concentrations in each treatment. Aliquots of 20 mL were 
dispensed aseptically into sterile culture vials, and a single 
seed was placed in each vial. The experimental design—using 
one seed per vessel to prevent competition effects—follows 
approaches used in controlled AS experiments evaluating 
individual seedling responses (Tucuch-Haas et al., 2016; 
Dzib-Ek et al., 2021).

Cultures were maintained under controlled environmen-
tal conditions: 27 °C, 78% relative humidity, and a 12-h 
light/12-h dark photoperiod using cool-white LED illumi-
nation. Such controlled conditions allow the isolation of AS 
effects from environmental variability and are consistent with 
studies examining AS-regulated growth, photosynthetic pig-
ments, and metabolic adjustments (Li et al., 2022; Qaderi 
et al., 2023; Lefevere et al., 2020).

After 10 days of culture, seedlings were harvested for mor-
phometric and biomass assessments. Root, stem, and leaf 
lengths, as well as leaf area, were measured from high-reso-
lution digital images analyzed with ImageJ®. Morphometric 
quantification from digital imagery is widely used in 
AS-related seedling studies to detect subtle growth responses 
(Rangel-Sánchez et al., 2010; Vázquez Díaz et al., 2016).

Fresh biomass was recorded immediately after harvesting. 
Dry biomass was obtained after oven-drying tissues at 70 °C 
to constant mass, following standard procedures adopted in 
studies evaluating AS-induced changes in biomass, photo-
synthetic performance, nutraceutical quality, or metabolic 
traits (Sánchez-Chávez et al., 2011; Tucuch-Haas et al., 2017; 
Zamaninejad et al., 2013).

Photosynthetic pigments were quantified from metha-
nolic extracts. Absorbances at 663, 645, and 470 nm were 
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similar across treatments, with slight variations that did not 
alter the overall trend.

Salicylic acid (AS) exerted a significant effect on the growth 
of Zea mays seedlings, exhibiting a dose-dependent response. 
Low AS concentrations, particularly in the 0.5 and 1.5 mg 
L-1 treatments, notably promoted growth, reflected by statis-
tically significant increases in root and leaf length compared 
to the untreated control (Figure 1); no statistically significant 
differences were observed for stem length. These results sug-
gest that AS at moderate concentrations acts as a physiologi-
cal stimulator, enhancing the initial development of the crop. 
However, increasing the salicylic acid concentration to 5 mg 
produced adverse effects on growth, with a marked reduction 
in the evaluated biometric variables, indicating a possible 
toxic effect or excessive stress on seedlings at this high dose.

Chlorophyll a, chlorophyll b, and carotenoid concentra-
tions showed a significant increase in seedlings treated with 
0.5 and 1.5 mg L-1 of salicylic acid, with carotenoid levels 
exhibiting particularly pronounced increases compared to the 
control (Figure 2). In contrast, the 5 mg treatment markedly 
reduced the synthesis of photosynthetic pigments.

4. DISCUSSION

The results obtained show a differential effect of salicylic 
acid (AS) on the biometric and physiological variables eval-
uated in the culture compared to the untreated control. In 
general terms, the fresh weight of plants treated with AS was 
higher than that of the control group; however, at the highest 
concentration, fresh weight decreased, approaching the con-
trol value. This suggests that moderate doses of salicylic acid 
may stimulate growth or water retention in tissues, whereas 
high concentrations could induce mild stress or toxicity, lim-
iting development. This is consistent with data on plant tissue 
moisture content, which showed a slight progressive decrease 

measured spectrophotometrically, and chlorophyll a, chlo-
rophyll b, and carotenoids were calculated using established 
equations widely applied in plant physiology and in studies 
assessing AS effects on pigment biosynthesis and photochem-
ical functioning (Elango et al., 2023; Shasmita et al., 2019; 
Zahara et al., 2024).

2.1. Statistical analysis

All parametric data were tested for normality (Shapiro–
Wilk) and homogeneity of variance (Levene). A one-way 
ANOVA was applied to evaluate the effect of AS concentra-
tion on all dependent variables. When significant differences 
were observed (p < 0.05), Tukey’s post hoc test was used for 
pairwise comparisons. The adoption of these statistical pro-
cedures is consistent with analytical approaches in SA-plant 
research involving controlled experiments with multiple treat-
ments (Anchondo-Aguilar et al., 2011; Sánchez-Chávez et al., 
2011; Saltos et al., 2021). Statistical analyses were performed 
in GraphPad Prism 10.5.0 for Mac®.

3. RESULTS

The results (Table 1) show that AS application at differ-
ent concentrations had a notable effect on the evaluated bio-
metric and physiological parameters compared to the control. 
Seedlings treated with AS showed increases in fresh and dry 
weight, with the 1,5 mg L-1 treatment achieving the highest 
values in both parameters. Leaf moisture slightly decreased as 
AS concentration increased, which was reflected in a relatively 
stable dry weight/fresh weight ratio among treatments. Leaf 
area significantly increased at 0,5 and 1,5 mg L-1, suggest-
ing stimulation of leaf growth, while specific leaf density, an 
indicator of dry matter concentration per unit area, remained 

Table 1
Effect of different salicylic acid (AS) concentrations on biometric and physiological parameters of purple maize seedlings at 10 days of 
culture (source: authors’ own data).

Parameters Control AS 0.5 AS 1.5 AS 5.0
Fresh weight (g) 0.9578±0.0583 1.0812±0.6291 1.1412±0.0542 0.9688±0.5446

Moisture content (%) 82.7±1.5 81.1±1.6 80.9±1.4 79.8±1.3

Dry weight (g) 0.1656±0.0147 0.2043±0.0119 0.2179±0.0182 0.1956±0.0118

Leaf area (cm²) 6.21±0.46 6.74±0.37 7.23±0.57 6.37±0.41

Dry weight/Fresh weight ratio 0.1542±0.0186 0.1604±0.0156 0.1578±0.0184 0.1520±0.0167

Specific leaf density (mg/cm²) 26.68±3.08 30.31±2.43 30.14±3.46 30.72±2.71

Results are reported as X±S, where X represents the mean and S represents the standard deviation (SD).
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Figure 1. Size of plant organs in maize seedlings exposed to 
salicylic acid during culture on agar. (Source: authors’ own 
data). 
****p < 0.01, *p < 0.05, ns = no significance.
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Figure 2. Photosynthetic pigment production in Zea mays seedlings treated with salicylic acid and cultured on agar. (Source: authors’ 
own data).
***p < 0.01, *p < 0.05, ns = no significance.

as AS concentration increased, potentially related to greater 
maturation or cell wall hardening, or to osmotic adjustment 
mechanisms induced by salicylic acid, known for its role in 
regulating responses to water stress (Tucuch-Haas et al., 2017; 
Zamaninejad et al., 2013).

Dry weight showed a significant increase with AS treat-
ment, indicating greater accumulation of dry biomass and 
possibly an increase in the synthesis of structural or metabolic 
compounds, reflecting improved carbon fixation efficiency. 
These results are complemented by the observed increase 
in leaf area at low and medium AS doses, suggesting a pro-
moting effect on leaf expansion and the total photosynthetic 
capacity of the crop. Regarding the dry weight/fresh weight 
ratio, no marked differences were observed between treat-
ments. This indicates that despite variations in fresh and dry 
weight, the proportion of water to dry matter in the tissue 
remained relatively constant, suggesting that salicylic acid 
does not substantially alter the relative water balance of leaves 
but rather influences the total biomass (Tucuch-Haas et al., 
2017; Zamaninejad et al., 2013).

Furthermore, specific leaf density (mg/cm²) is an indica-
tor of tissue mass per unit leaf area and showed a significant 
increase in all AS treatments compared to the control, with 
the highest value observed in the 5.0 mg L-1 AS treatment. 
This increase suggests that salicylic acid induces greater allo-
cation of dry matter to leaf structure, probably reinforcing 
cell walls or increasing the synthesis of structural compounds, 
which may translate into greater resistance to environmental 
stress or pathogens.

Overall, the data suggest that salicylic acid at low to 
moderate concentrations can promote growth and biomass 
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and increase nutraceutical compound content (Valdez et al., 
2015; Vázquez et al., 2016; Gaucin et al., 2025). However, 
the dose-dependent nature of its action requires careful defi-
nition of optimal application ranges through complementary 
studies conducted both in vitro and under field conditions.

From a sustainability perspective, the use of natural regu-
lators such as AS at low concentrations represents a strategy 
compatible with precision agriculture and functional food 
production, particularly for purple maize, to increase pig-
ments such as anthocyanins and carotenoids under proper 
hormonal management, thereby strengthening agro-food 
value chains oriented toward health and generating both eco-
nomic and social benefits (Anchondo-Aguilar et al., 2011; 
Vázquez et al., 2016).

Overall, this study provides evidence supporting the use 
of salicylic acid as a viable agronomic strategy to improve the 
growth and physiological quality of purple maize seedlings, 
provided that moderate concentrations are used to avoid toxic 
effects. Future research could focus on evaluating the effect of 
these optimal doses at later developmental stages and under 
field conditions, as well as further investigating the molecular 
mechanisms regulating these responses.

5. CONCLUSION

Exogenous application of salicylic acid exhibited a dose-de-
pendent effect on growth and the production of photosyn-
thetic pigments in purple maize (Zea mays) seedlings. Low 
to moderate concentrations significantly promoted root and 
leaf development, as well as increased chlorophyll and carot-
enoid synthesis, potentially enhancing photosynthetic capac-
ity and antioxidant defense in the plants. In contrast, a high 
dose proved detrimental, inhibiting growth and reducing 
pigment concentrations, indicating a toxic effect. These find-
ings suggest that salicylic acid can serve as an effective tool to 
improve the physiology and quality of purple maize seedlings 
when applied at appropriate doses. Further studies are recom-
mended to validate these effects at later developmental stages 
and under field conditions.
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accumulation in the crop, improving parameters such as dry 
weight and leaf area. However, at high concentrations, it may 
reduce fresh weight and moisture, likely due to stress effects, 
while the maintenance or increase in leaf density may indi-
cate structural adaptation. These findings are consistent with 
previous studies showing a regulatory effect of salicylic acid 
on plant growth and stress response, highlighting the impor-
tance of dose for optimal benefits (Tucuch-Haas et al., 2016; 
Tucuch-Haas et al., 2017).

The results also show that AS has a clear dose-dependent 
effect on the growth and production of photosynthetic pig-
ments in in vitro-cultured purple maize (Zea mays) seedlings. 
Moderate concentrations (0.5 and 1.5 mg L–1) significantly 
promoted root and leaf elongation, whereas the high dose 
(5 mg L–1) caused a marked reduction in the evaluated bio-
metric variables. This behavior aligns with the biphasic nature 
of AS reported in various species, describing the biostimu-
latory effect at low doses and phytotoxic or oxidative stress 
effects at high doses (Valdez et al., 2015; Vázquez et al., 
2016). At optimal concentrations, AS can stimulate cell divi-
sion and elongation through the activation of signaling path-
ways regulating structural protein synthesis, nutrient uptake, 
and osmotic balance, while also modulating the expression of 
genes related to antioxidant enzymes such as superoxide dis-
mutase and catalase, thereby strengthening defense mecha-
nisms against both biotic and abiotic stress (Lefevere, Bauters, 
& Gheysen, 2020; Li, Sun, & Liu, 2022). This physiological 
strengthening translates into better establishment and initial 
seedling development, which is crucial for producing healthy 
seedlings for high-tech agricultural systems.

The significant increase in chlorophyll and carotenoid 
concentration in seedlings treated with 0.5 and 1.5 mg L-1 
AS suggests a positive effect on the integrity and function-
ality of the photosynthetic apparatus. In the case of carot-
enoids, their increase is relevant not only for photoprotection 
against excess radiation and reactive oxygen species but also 
for their nutraceutical value, providing antioxidant properties 
beneficial for human and animal health (Valdez et al., 2015; 
Vázquez et al., 2016). Conversely, the drastic decrease in 
photosynthetic pigments at the 5 mg L-1 dose confirms that 
excessive AS concentrations can interfere with biosynthetic 
pathways or accelerate the oxidative degradation of pigments, 
thereby compromising photosynthetic efficiency, possibly due 
to the overproduction of reactive oxygen species damaging 
membrane lipids, proteins, and photosystem II complexes if 
antioxidant defense is insufficient (Shasmita et al., 2019).

These findings reinforce the potential of AS as an agro-
technological tool to improve high-value crops such as pur-
ple maize. Controlled application could be integrated into 
micropropagation protocols, nursery seedling production, 
or pre-transplant treatments to optimize physiological health 

https://doi.org/10.53365/nrfhh/217478


R. Mex Alvarez et al. View Article online

Na t u r a l  R e s o u r c e s  f o r  Hu m a n  H e a l t h

Larqué-Saavedra, A., Martín-Mex, R., Nexticapan-Garcéz, Á., Vergara-
Yoisura, S., & Gutiérrez-Rendón, M. (2010). Efecto del ácido 
salicílico en el crecimiento de plántulas de tomate (Lycopersicon escu-
lentum Mill.). Revista Chapingo. Serie horticultura, 16(3), 183–187. 
https://doi.org/10.5154/r.rchsh.2010.16.023

Lefevere, H., Bauters, L., & Gheysen, G. (2020). Salicylic acid bio-
synthesis in plants. Frontiers in plant science, 11, 338. https://doi.
org/10.3389/fpls.2020.00338

Li, A., Sun, X., & Liu, L. (2022). Action of salicylic acid on plant 
growth. Frontiers in Plant Science, 13, 878076. https://doi.
org/10.3389/fpls.2022.878076

Ogunsiji, E. (2023). Salicylic acid enhances growth, photosynthetic per-
formance and yields under stress. Taylor & Francis.

Qaderi, M.M., Martel, A.B., & Strugnell, C.A. (2023). Environmental 
factors regulate plant secondary metabolites. Plants, 12(3), 447. 
https://doi.org/10.3390/plants12030447

Rabanal-Atalaya, M., & Medina-Hoyos, A. (2021). Análisis de anto-
cianinas en el maíz morado (Zea mays L.) del Perú y sus propiedades 
antioxidantes. Terra Latinoamericana, 39. https://doi.org/10.28940/
terra.v39i0.808

Rangel Sánchez, G., Castro Mercado, E., Beltrán Peña, E., Reyes de la 
Cruz, H., & García Pineda, E. (2010). El ácido salicílico y su par-
ticipación en la resistencia a patógenos en plantas. Biológicas, 12(2), 
90–95.

Rashid, M., et al. (2025). Impact of foliar spray of salicylic acid on 
drought-stressed pea plants. BMC Plant Biology. https://doi.
org/10.1186/s12870-025-06644-1

Saltos, D., Sancán, M., Arteaga, J., Gonzáles, C., Bulnes, C., 
Villanueva,  M.E., & Reyna, S. (2021). La suplementación 
dietaria con un extracto de maíz morado (Zea mays L.) reduce el 
riesgo vascular y esteatosis hepática en pollos de engorde. Revista 
de Investigaciones Veterinarias del Perú, 32(1). https://doi.
org/10.15381/rivep.v32i1.17634

Sánchez-Chávez, E., Barrera-Tovar, R., Muñoz-Márquez, E., Ojeda-
Barrios, D.L., & Anchondo-Nájera, Á. (2011). Efecto del ácido 
salicílico sobre biomasa, actividad fotosintética, contenido nutri-
cional y productividad del chile jalapeño. Revista Chapingo. 
Serie Horticultura, 17(SPE1), 63–68. https://doi.org/10.5154/ 
r.rchsh.2011.17.039

Serrano-Peraza, W.V., & Rivas-Flores, A.W. (2023). Efecto del ácido 
salicílico sobre el rendimiento del frijol común (Phaseolus vulgaris) 
var. CENTA Sequía. Revista Agrociencia, 7(24), 29–35.

Shasmita, Mohapatra, D., Mohapatra, P.K., Naik, S.K., Arup, K., & 
Mukherjee. (2019). Priming with salicylic acid induces defense 
against bacterial blight disease by modulating rice plant photosystem 
II and antioxidant enzymes activity. Physiological and Molecular 
Plant Pathology, 108. https://doi.org/10.1016/j.pmpp.2019.101427

Tepixtle-Colohua, V.V., Reyes-Trejo, B.R., & Saucedo, A.L. (2025). El 
Compuestos químicos funcionales en el maíz morado (Zea mays): 
una revisión bibliográfica. Acta Botánica Mexicana, (132), 20. 
https://doi.org/10.21829/abm132.2025.2439

Tucuch-Haas, C.J., Alcántar-González, G., Volke-Haller, V.H., Salinas-
Moreno, Y., Trejo-Téllez, L.I., & Larqué-Saavedra, A. (2016). Efecto 
del ácido salicílico sobre el crecimiento de raíz de plántulas de maíz. 
Revista mexicana de ciencias agrícolas, 7(3), 709–716. https://doi.
org/10.29312/remexca.v7i3.329

Tucuch-Haas, C., Alcántar-González, G., Trejo-Téllez, L.I., Volke-
Haller, H., Salinas-Moreno, Y., & Larqué-Saavedra, A. (2017). 
Efecto del ácido salicílico en el crecimiento, estatus nutrimental y 
rendimiento en maíz (Zea mays). Agrociencia, 51(7), 771–781.

the article, Final approval of the article; M.E.M.E.: Data anal-
ysis and interpretation, Writing the article, Final approval of 
the article; R.E.C.M.: Collection and/or assembly of data, 
Data analysis and interpretation, Writing the article, Final 
approval of the article; D.E.E.G.: Collection and/or assembly 
of data, Writing the article.

ORCID

Rafael Mex Alvarez	 0000-0003-1154-0566
María Magali Guillen Morales	 0000-0003-3958-0420
Fernando Gaspar Ortiz Ballina	 0009-0006-2708-2300
María Esther Mena Espino	 0000-0003-0624-3129
Roger Enrique Chan Martínez	 0009-0007-6563-9023
Daniel Eduardo Euan Garcia	 0009-0008-2046-3519

REFERENCES

Alyemeni, M.N. (2014). Effect of salicylic acid on growth, photosyn-
thesis and biochemical parameters of Zinnia plants under drought 
stress. Botanical Sciences.

Anchondo-Aguilar, A., Núñez-Barrios, A., Ruiz-Anchondo, T., 
Martínez-Tellez, J., Vergara-Yoisura, S., & Larqué-Saavedra, A. 
(2011). Efecto del ácido salicílico en la bioproductividad de la fresa 
(Fragaria ananassa) cv Aromosa. Revista mexicana de ciencias agríco-
las, 2(2), 293–298.

Arruda, T.F.L., et al. (2023). Salicylic acid as a salt stress mitiga-
tor in plants. Plants, 12(15), 2783. https://doi.org/10.3390/
plants12152783

Dzib-Ek, G., Villanueva-Couoh, E., Garruña-Hernández, R., Vergara-
Yoisura, S., & Larqué-Saavedra, A. (2021). Efecto del ácido 
salicílico en la germinación y crecimiento radicular del tomate. 
Revista mexicana de ciencias agrícolas, 12(4), 735–740. https://doi.
org/10.29312/remexca.v12i4.2642

Elango, T., Jeyaraj, A., Dayalan, H., Arul, S., Govindasamy, R., 
Prathap,  K., & Li, X. (2023). Influence of shading intensity on 
chlorophyll, carotenoid and metabolites biosynthesis to improve the 
quality of green tea: A review. Energy Nexus, 12, 100241. https://
doi.org/10.1016/j.nexus.2023.100241

García Reyes, E., Flores Naveda, A., Ruiz Torres, N., Camposeco 
Montejo, N., Ramírez Barrón, S.N., & García López, J.I. (2022). 
Compuestos fenólicos y capacidad antioxidante de genotipos de 
maíz pigmentado (azul/morado). Repositorio Nacional CONACYT.

Gaucin Delgado, J.M., Gaucin Delgado, A., Zapata Puga, G.M., 
& Mendoza Ruiz, L.E. (2025). Viabilidad económica del ácido 
salicílico en la producción de compuestos bioactivos en Vitis vinifera. 
Ciencia y Reflexión, 4(1), 1071–1098. https://doi.org/10.70747/
cr.v4i1.77

Khan, M.I.R., Poor, P., & Janda, T. (2022). Salicylic acid: A versatile 
signaling molecule in plants. Journal of Plant Growth Regulation, 
41, 1887–1890. https://doi.org/10.1007/s00344-022-10692-4

Kim, H.Y., Lee, K.Y., Kim, M., Hong, M., Deepa, P., & Kim, S. (2023). 
Una revisión de las propiedades biológicas del maíz morado (Zea 
mays L.). Scientia Pharmaceutica, 91(1), 6. https://doi.org/10.3390/
scipharm91010006

https://doi.org/10.53365/nrfhh/217478
https://doi.org/10.5154/r.rchsh.2010.16.023�
https://doi.org/10.3389/fpls.2020.00338�
https://doi.org/10.3389/fpls.2020.00338�
https://doi.org/10.3389/fpls.2022.878076�
https://doi.org/10.3389/fpls.2022.878076�
https://doi.org/10.3390/plants12030447�
https://doi.org/10.28940/terra.v39i0.808�
https://doi.org/10.28940/terra.v39i0.808�
https://doi.org/10.1186/s12870-025-06644-1�
https://doi.org/10.1186/s12870-025-06644-1�
https://doi.org/10.15381/rivep.v32i1.17634�
https://doi.org/10.15381/rivep.v32i1.17634�
https://doi.org/10.5154/r.rchsh.2011.17.039�
https://doi.org/10.5154/r.rchsh.2011.17.039�
https://doi.org/10.1016/j.pmpp.2019.101427�
https://doi.org/10.21829/abm132.2025.2439�
https://doi.org/10.29312/remexca.v7i3.329�
https://doi.org/10.29312/remexca.v7i3.329�
https://orcid.org/0000-0003-1154-0566
https://orcid.org/0000-0003-3958-0420
https://orcid.org/0009-0006-2708-2300
https://orcid.org/0000-0003-0624-3129
https://orcid.org/0009-0007-6563-9023
https://orcid.org/0009-0008-2046-3519
https://doi.org/10.3390/plants12152783�
https://doi.org/10.3390/plants12152783�
https://doi.org/10.29312/remexca.v12i4.2642�
https://doi.org/10.29312/remexca.v12i4.2642�
https://doi.org/10.1016/j.nexus.2023.100241�
https://doi.org/10.1016/j.nexus.2023.100241�
https://doi.org/10.70747/cr.v4i1.77�
https://doi.org/10.70747/cr.v4i1.77�
https://doi.org/10.1007/s00344-022-10692-4�
https://doi.org/10.3390/scipharm91010006�
https://doi.org/10.3390/scipharm91010006�


R. Mex Alvarez et al. View Article online

Na t u r a l  R e s o u r c e s  f o r  Hu m a n  H e a l t h

Zahara, M., Larassati, D., Rahmawati, L., Harahap, D., Hayatillah, R., 
& Kamaliah, K. (2024). The effect of palm oil (Elaeis guineen-
sis Jacq.) solid waste on the stomatal density and chlorophyll 
content of pepper (Piper nigrum L.). IOP Conference Series: 
Earth and Environmental Science, 1297(1), 012013. https://doi.
org/10.1088/1755-1315/1297/1/012013

Zamaninejad, M., Khorasani, S.K., Moeini, M.J., & Heidarian,  A.R. 
(2013). Effect of salicylic acid on morphological characteristics, 
yield, and yield components of corn (Zea mays L.) under drought 
condition. European Journal of Experimental Biology, 3(2), 
153–161.

Valdez Sepúlveda, L., González Morales, S., Valdez-Aguilar, L.A., 
Ramírez-Godina, F., & Benavides-Mendoza, A. (2015). Efecto de la 
aplicación exógena de ácido benzoico y salicílico en el crecimiento 
de plántulas de tomate, tomatillo y pimiento. Revista mexicana de 
ciencias agrícolas, 6(SPE12), 2331–2343. https://doi.org/10.29312/
remexca.v0i12.765

Vázquez Díaz, D.A., Salas Pérez, L., Preciado Rangel, P., Segura 
Castruita, M.Á., González Fuentes, J.A., & Valenzuela-García, J.R. 
(2016). Efecto del ácido salicílico en la producción y calidad 
nutracéutica de frutos de tomate. Revista Mexicana de Ciencias 
Agrícolas, (17), 3405–3414.

Yang, X., et al. (2023). Exogenous salicylic acid regulates growth and 
stress tolerance in crops: A review. Frontiers in Plant Science, 14, 
1256347. 

https://doi.org/10.53365/nrfhh/217478
https://doi.org/10.1088/1755-1315/1297/1/012013�
https://doi.org/10.1088/1755-1315/1297/1/012013�
https://doi.org/10.29312/remexca.v0i12.765�
https://doi.org/10.29312/remexca.v0i12.765�

	_GoBack
	_Hlk205654200

