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Introduction

Hydroponic systems have emerged as an advanced method for cultivating medicinal plants, offering precise
control over environmental and nutritional factors to enhance the production of secondary metabolites. Chemical
elicitors, such as salicylic acid (SA) and methyl jasmonate (MeJA), play a key role in stimulating plant defense
responses and increasing the synthesis of valuable phytochemical compounds. These compounds alleviate biotic
and abiotic stress signals, triggering plant defense mechanisms and stimulating the biosynthesis of valuable
secondary metabolites, including phenolics, flavonoids, and essential oils (Mehdizadeh and Moghaddam, 2023).
Salvia officinalis L. (sage), a perennial aromatic plant from the Lamiaceae family, is known for its medicinal
properties and rich content of bioactive compounds, including essential oils and phenolic derivatives. Recent
studies have demonstrated that exogenous application of SA and MeJA can significantly influence plant growth
and secondary metabolism. However, their effects are highly concentration-dependent and species-specific,
necessitating further research to determine optimal dosages for different medicinal plants (Mohi-Ud-Din et al.,
2025). While some studies have explored the individual effects of these elicitors, their synergistic interactions in
hydroponically grown sage remain understudied (Jeyasri et al., 2023). This study investigates the synergistic
effects of SA and MeJA foliar application on the growth, phytochemical composition, and antioxidant activity of
sage in a hydroponic system.

Materials and Methods

This experiment was conducted as a factorial design based on a completely randomized design with three
replications. Treatments included the foliar application of SA (0, 0.5, and 1 mM) and MeJA (0, 0.25, and 0.5
mM). Sage seeds were germinated under controlled conditions, and seedlings were transferred to a hydroponic
system with a perlite-cocopeat (3:1, v/v) substrate. Plants were grown under natural light, with temperatures
maintained at 20-30°C and relative humidity at 70-80%. Nutrient solutions were provided using Hoagland’s
formula (EC 1.6 dS.m™). Foliar treatments were applied at three growth stages: initial three-leaf, six-leaf, and
flowering onset. Ten days after the final treatment, biomass, photosynthetic pigments, antioxidant enzyme
activities (POX, APX, SOD), phenylalanine ammonia-lyase (PAL) activity, phenolic and flavonoid content,
essential oil percentage, and antioxidant capacity (DPPH assay) were evaluated.

Results and Discussion
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The experimental results demonstrated that the foliar application of salicylic acid and methyl jasmonate
significantly influenced the growth, physiological traits, and phytochemical composition of hydroponically
cultivated sage. The combined treatment of 0.5 mM SA and 0.25 mM MeJA produced the highest fresh (49.00 g)
and dry (21.48 g) biomass, indicating a synergistic effect on plant growth. This enhancement can be attributed to
the role of SA in promoting cell division and elongation, while MeJA at low concentrations stimulates metabolic
activity without inducing excessive stress. However, higher MeJA concentrations (0.5 mM) exhibited inhibitory
effects, likely due to the overactivation of defense mechanisms that divert energy away from growth-related
processes. Photosynthetic pigments, including chlorophyll and carotenoids, were significantly influenced by the
elicitor treatments. The combination of 1 mM SA and 0.25 mM MeJA resulted in the highest carotenoid content
(2.34 mg.g' FW), suggesting that moderate elicitation enhances photosynthetic efficiency. Conversely,
excessive MeJA (0.5 mM) led to a reduction in chlorophyll content, possibly due to accelerated senescence or
oxidative stress. The application of SA and MeJA also induced a marked increase in antioxidant enzyme
activities, including POX, SOD, and APX. Among the highest activities, POX was maximized in the combined
treatment of 0.5 mM SA and 0.25 mM MeJA (20.49 U.mg™' protein), while the highest APX (6.96 U.mg™!
protein) and SOD (1.95 U.mg™! protein) activities were recorded in plants treated with 0.25 mM MeJA alone.
These enzymes are critical for scavenging reactive oxygen species (ROS), which accumulate under elicitor-
induced stress. The upregulation of these defense mechanisms not only protects cellular integrity but also
stimulates the biosynthesis of secondary metabolites. A key finding was the significant increase in phenylalanine
ammonia-lyase activity, a rate-limiting enzyme in the phenylpropanoid pathway. The highest PAL activity was
observed in plants treated with 1 mM SA alone or in combination with 0.25 mM MeJA, correlating with elevated
levels of total phenolics and flavonoids. Phenolic compounds, such as rosmarinic acid, are major bioactive
constituents in sage, contributing to its antioxidant and antimicrobial properties. The increase in flavonoid
content, particularly under the combination of 0.5-1 mM SA and 0.25 mM MeJA, further supports the role of
these elicitors in activating secondary metabolic pathways. One of the most notable outcomes was the 39%
increase in essential oil content under the 0.5 mM SA + 0.25 mM MeJA treatment. Essential oils in sage are
synthesized via the terpenoid pathway, which appears to be strongly induced by these elicitors. The enhanced
essential oil yield was accompanied by a significant improvement in antioxidant capacity, as evidenced by the
DPPH radical scavenging assay. This suggests that the elicited plants not only produced higher quantities of
bioactive compounds but also exhibited stronger free-radical quenching activity, which is valuable for medicinal
and nutraceutical applications. These findings align with previous studies indicating that SA and MeJA act
synergistically at optimal concentrations to enhance secondary metabolite production while maintaining plant
growth. However, the negative effects of high MeJA levels (0.5 mM) underscore the importance of dosage
optimization, as excessive elicitation can lead to phytotoxicity and metabolic imbalance.

Conclusion

This study demonstrated that the combined application of salicylic acid and methyl jasmonate in a
hydroponic growth medium serves as a powerful tool for regulating growth and enhancing the production of
secondary metabolites in sage plants (S. officinalis). A key finding was the identification of an optimal treatment
combination (0.5-1 mM salicylic acid coupled with 0.25 mM methyl jasmonate), which synergistically increased
biomass, essential oil content, and antioxidant activity. In contrast, higher concentrations of methyl jasmonate
alone were found to inhibit growth. The implications of this research are significant, as it shows that by precisely
modulating elicitor concentrations, the metabolic balance between growth and defense compound synthesis can
be strategically managed to meet agricultural and pharmaceutical objectives. This approach holds considerable
potential for the large-scale production and standardization of high-quality medicinal plants in controlled
cultivation systems. Future research should focus on elucidating the molecular mechanisms underlying these
synergistic effects, as well as evaluating the efficacy of these treatments in other plant species.
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Sl s Slgamsls Jeio Gl el Joje gl el SIS g gl )B
salicylic acid (MM)  Methyl jasmonate (mM) Plant aerial fresh weight Plant aerial dry weight Carotenoids
(g per plant) (g per plant) (mg.gt FW)

0 28.00+1.00 de* 16.45+0.11 ¢ 1.36+0.03 f

0 0.25 31.33+1.53d 18.69+0.54 b 2.05+0.04 b

0.5 26.00+2.65 14.90+0.59d 1.18+0.06 g

0 37.00£1.00 ¢ 16.45+0.10 ¢ 1.7240.05d

0.5 0.25 49.00+1.00 a 21.478+1.33 a 1.36+0.04 f

0.5 28.00+1.10 de 16.48+0.40 ¢ 1.35+0.03 f

0 45.00+3.46 b 18.54+0.10 b 1.87+0.01 ¢

1 0.25 42.00+1.50 b 17.95+0.46 b 2.34+0.03 a

0.5 28.00+1.45 de 18.49+0.95 b 1.47+0.08 e

85 oy iy Jlein] o 53 (Sl (laials dix yg05] olul (63 xe MBSy g b (sliylond codddunlio 09,5 5 Cao yb 3
* Values followed by the same letter in each trait have no significant difference based on Duncan’s multiple range test at 5% of

probability level.
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Figure 1- The effect of foliar application of salicylic acid (A) and methyl jasmonate (B) on total chlorophyll content of S.
officinalis DMRT, p<0.05)
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Table 2- The interaction effect of foliar application of salicylic acid xmethyl jasmonate on antioxidant enzymes activity of S.

officinalis
S s sl lgomle Jato JEw3% STy ©OLygSu] U gomasd SpanST g
Salicylic acid Methyl jasmonate Peroxidase Ascorbate peroxidase Superoxide dismutase
(mM) (mM) (U.mg* protein) (U.mg! protein) (U.mg! protein)
0 13.93+0.24 d* 6.52+0.02 ab 1.71+0.00 bc
0 0.25 16.97+0.41 bc 6.96+0.10 a 1.95+0.02 a
0.5 14.87+1.81 cd 6.38£0.21 b 1.26+0.07 e
0 15.87+0.34 cd 6.67+0.02 ab 1.77+0.01 b
0.5 0.25 20.49+0.30 a 6.95+0.45a 1.92+0.02 a
0.5 15.93+2.05 cd 6.18+0.59 b 1.58+0.08 d
0 18.66+0.42 ab 6.94+0.02 a 1.89+0.03 a
1 0.25 20.26+2.51a 6.48+0.05 ab 1.64+0.03 cd
0.5 14.40+1.37 d 6.40£0.12 b 1.70+0.15 bc
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* Values followed by the same letter in each trait have no significant difference based on Duncan’s multiple range test at 5% of
probability level.
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Figure 2- The effect of foliar application of salicylic acid (A) and methyl jasmonate (B) on PAL enzyme activity of ..
officinalis (DMRT, p<0.05)
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Figure 3- The effect of foliar application of salicylic acid (A) and methyl jasmonate (B) on total phenol content of S. officinalis
(DMRT, p<0.05)
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Table 3- The interaction effect of foliar application of salicylic acid xmethyl jasmonate on flavonoid content, essential oil
percent and antioxidant activity of S. officinalis

S Lo s Slgamsls Jiio IRV omill 305 1 5T Cdlad
Salicylic acid Methyl jasmonate Flavonoids Essential oil Antioxidant activity
(mM) (mM) (Mg.g* FW) (%) (ug.mL™)

0 2.21+0.01 ef* 0.59+0.01 cd 163.30+8.95 b

0 0.25 2.49+0.19 cd 0.6440.01 bc 134.05+6.65 ¢

0.5 2.21+0.08 ef 0.56+0.03d 183.9249.36 a

0 2.40£0.06 de 0.62+0.02 cd 121.38+1.23 ¢

0.5 0.25 2.7440.04 ab 0.82+0.05a 94.69+4.07d

0.5 2.18+0.06 f 0.58+0.01 cd 190.56+1.25a

0 2.61+0.25 bc 0.70£0.05b 166.44+16.48 b

1 0.25 2.86£0.03 a 0.81+0.06 a 102.05+3.35d

0.5 2.2140.01 ef 0.6040.04 cd 191.66+7.61a
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* Values followed by the same letter in each trait have no significant difference based on Duncan’s multiple range test at 5% of

probability level.



YAV (B0 ol (2 londigind g oy Sluoguas  ilisio Sl jgimmnd | 51 (o) 1530 3 g 0SS (5315

opl y sdalcuna gl Loluly Mg $ie S e ol il
b Sl sl Ygo oo /0 (55 sbajlosd )3 (g
ke 3 2S5 AFIFA) Clgonls e )Vge oo /Y0
Jete Y9 dee +IVO b Sl sl HVg0 o S g (eils]
Clld oyt (Lull Jd oo 1 p)595Se 10X/ +0) Sligausls
(SN PRE RIS QOB R (]

2 bl sl cgdld b puilel gaggny ol s
cll wlal 5 (k] coll sa bies oS cul bl
b () (S8 55 bl ol gl JISo3]y S0l
» (Es-Shihi et al., 2020) cosl <l SauseMS el 4
5 (Ysacden +/0) Sl dousl (55 208" ol imgls
1y bl a1l byl oY so o +/70) Slisansls o
YV G ICs0 jlade o8 (gpsbay cndtns S92 (25 JB ysbou
£55,Su0 AF/FA 4 VYY) cél ials sals 4 Caws duopd
Gk ) Sbgeuly o 5 Kbl dl {ilihe
o |y osilog oblS S|l olys Lilks clo Sk
ol Gl Bk J) alS Gl e ol e B
5 (Medeiros et al., 2024) 5liw o5 slaws ! S g
slacdglo Jgs (Skrypnik et al., 2022) ;Wlsgel sV s
Sl S5 sbles bl ol ole (b5 sbas
ol aals 4 Cawd plp dw U Olgewls Juo 5 Sl
ool &S aes o s b sy, (Jeyasri et al., 2023) ol 4l
195 DNA (geMite (65801 )3 yis Goybo 5l Wl oo S 5
Ole ooy OS5 jwgn prwe ) hadye oy Faesy
Tafreshi et al., 2025; ) usS Lis o5 5Vsb to 4 1) n )]
» Sl sl ey b zals (Bozaba & Kuru, 2024
ol e gl 4 Clgenls e (YL glacdale
e > Pl pas dbol 5 Jgb Sl 5w s (e
(Wang et al., 2022) cusl sa 035 Caus sl (w890,

(6 5 4o
Do g Sl sl 0S5 35 a8 oy lis adllas oy
Copde (gl 303 )8 (gl «Sigg et S s )0 Slsewls
S dl sl S pe olS 0 wsil slacdglio Wy 4 A,
& oy (Glgeml> Juto Yoo lo +/VO olpon 4 SiliJlo
5 wlul Jopd wdgcuw inldl Coge li8lea jobd culys
Do YL slackle &5 by wgb U;Lx,.“Slu;;;T culled

bl CoaS g CuaS 53 L giacall 5
wwledl s ya

Jeto Sl ol Jls ine 51 SO by 458 b
g ey oS bl o)y o] Blize @il g Sliganl
el Glojem )8 a8 0l ol gk ol Jeols b
sy Nl oo diny sbcdale > Sligawls e 5 Skl
Aad ilidl 1y B og)h olS ulul sy (o)b e
VL elb Sy e 3 el gl ¥ i s bl
Jite Voo o +/VO L olyen Sibadlo duwl Voo Lo
ool ol Gl Ty oy ¥R dgds il58] sald 4y Cond ligewls
9 Sl dod QUly @ plgioe 1y el g 15
Comd A9 5 Fiwgn Lo jrne (GiloJld 55 Slgonls Jute
olis (Medeiros et al., 2024) |)\Kon 5 (g pte Slallas ol
Sy bjliw oy i ol WSl e GlaS s pl a8 Lol
sy s il slajlogtn Mg 0 Gl lag sl
Jeio 5 Sebdl sl S5 ljdlen 51 S o Sinlen
olS el Hlade Il o algy gladale )y Slgewls
Slosply @l jms plojer iloJld I 6 Slgie Sy
Jito 5 Sehdls dl b S 90 ol by i
@l Jobo 5 oS (i (ials b aily e Slgeuls
Tafreshi ) uis” colan uilul a6l 496 sbcdglie Alg cuomw
ol gl jials ¢ Jlde , (et al., 2025; Kandoudi et al., 2021
Jbe (Ve +/0) YU clale 3 Slgowls e Cute
Sl ea (Sohn etal., 2022) -, Ken 5 o soabdl b il
OSee Glgowls Juo sV slacdale a5 W) 5155 48 5,0
xS ) 5 F1 Glajpee >l e il b 4 e cuul
29 (69 05y SBAL] B & lio apass

it i 5

clled p Slgouly e g Sl sl (3L Jglone 5]
S JSasly e s 5 WS ] (Sl 5]
Cho ol Glp gl blite @lpl pumen g b sxe DPPH
W xe

Ghopd B e lp &S cul diges 3l ke ICso caw
@ Bl Seg8 Hged S a2y iy ol a2V B 100,
Bl nlpl 25 5l Baa b 4 ey Sl S clals
bl o y2 sl a1 5T )28 s8] glinets 1Cs0 s3e
Ce | olyon Kol dal [ Yga deo ) 5 o0 slaclale
ShaSl ol cd b demy > Slgewls Jiie Yo Lo /YO



Fed 5l oF ojlo e wdar (55,9l il g pole) SLLL pole @ ol ¥PY

P YL kS b gl ool iluslstinl 5 ogdl g sy b Ltagh o lasely 35 e 1y 15 (olee Sligasts

9y » 2l okl Clidos o)l s1b S CulS (laptu chle 38 ool b plyie o5 W30 oLt | el Coonl

Oszen g 138len Sl ol ety J5Sse slo)Sgsle (plulis e 1) (=5 Gl 5 g g Ad) o (Splie dlge da i
S S 505 (LS sbaisS plo (59, » bl cnl (b)) @Yl Jodly 0509y cnl )5 Cupte (29)> 9 55)5laS Slaal

References

1. Aryal, S., Baniya, M. K., Danekhu, K., Kunwar, P., Gurung, R., & Kaoirala, N. (2019). Total phenolic content,

10.

11.

12.

13.

14.

15.

16.

17.

18.

flavonoid content and antioxidant potential of wild vegetables from western Nepal. Plants (Basel), 8(4), 96.
https://doi.org/10.3390/plants8040096

Atherton, H. R., & Li, P. (2023). Hydroponic cultivation of medicinal plants—Plant organs and hydroponic
systems: Techniques and trends. Horticulturae, 9(3), 349. https://doi.org/10.3390/horticulturae9030349
Bashabsheh, K., Al-Tabbal, J., Qrunfleh, I., Haddad, M., & Al-Einein, S. A. (2021). Production of sage (Salvia
officinalis L.) in a hydroponics system using brackish water at low cost. Irrigation and Drainage, 70(5), 1172—
1182. https://doi.org/10.1002/ird.2595

Beaudoin-Eagan, L. D., & Thorpe, T. A. (1985). Tyrosine and phenylalanine ammonia-lyase activities during shoot
initiation in tobacco callus cultures. Plant Physiology, 78(3), 438-441. https://doi.org/10.1104/pp.78.3.438

Bozaba, T. O., & Kuru, I. S. (2024). The effect of the combined application of elicitors to Salvia virgata Jacq.
under salinity stress on physiological and antioxidant defense. BMC Plant Biology, 24, 788.
https://doi.org/10.1186/s12870-024-05443-4

Bradford, M. M. (1976). A rapid and sensitive method for the quantification of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical Biochemistry, 72, 248-254. https://doi.org/10.1016/0003-
2697(76)90527-3

Chance, B., & Maehly, A. C. (1955). Assay of catalases and peroxidases. In S. P. Colowick & N. O. Kaplan (Eds.),
Methods in Enzymology. Vol. 2, pp. 764—775. Academic Press.

Es-Shihi, F., Hazzoumi, Z., & Joutei, K. A. (2020). Effect of salicylic acid foliar application on growth, glandular
hairs and essential oil yield in Salvia officinalis L. grown under zinc stress. Chemical and Biological Technologies
in Agriculture, 7(1), 1-11. https://doi.org/10.1186/s40538-020-00192-6

Grzegorczyk-Karolak, 1., Krzeminska, M., Grabkowska, R., Gomulski, J., Zekanowski, C., & Gaweda-Walerych,
K. (2024). Accumulation of polyphenols and associated gene expression in hairy roots of Salvia viridis exposed to
methyl jasmonate. International Journal of Molecular Sciences, 25(2), 764. https://doi.org/10.3390/ijms25020764
Hussain, M., Abbas, Y., Nazli, N., Fatima, S., Drouet, S., & Hano, C. (2022). Root cultures, a boon for the
production of valuable compounds: A comparative review. Plants, 11(3), 439,
https://doi.org/10.3390/plants11030439

Jeyasri, R., Muthuramalingam, P., Karthick, K., Shin, H., Choi, S. H., & Ramesh, M. (2023). Methyl jasmonate
and salicylic acid as powerful elicitors for enhancing the production of secondary metabolites in medicinal plants:
An updated review. Plant Cell, Tissue and Organ Culture, 153(3), 447. https://doi.org/10.1007/s11240-023-02485-
8

Kandoudi, W., Radécsi, P., Gosztola, B., & Zamboriné Németh, E. (2021). Elicitation of medicinal plants in vivo—
Is it a realistic tool? The effect of methyl jasmonate and salicylic acid on Lamiaceae species. Horticulturae, 8(1), 5.
https://doi.org/10.3390/horticulturae8010005

Karalija, E., Dahija, S., Tarkowski, P., & Zeljkovi¢, S. C. (2022). Influence of climate-related environmental
stresses on economically important essential oils of Mediterranean Salvia sp. Frontiers in Plant Science, 13,
864807. https://doi.org/10.3389/fpls.2022.864807

Khan, M. R., Fatma, M., Per, T. S., Anjum, N., & Khan, N. (2015). Salicylic acid-induced abiotic stress tolerance
and underlying mechanisms in plants. Frontiers in Plant Science, 6, 462. https://doi.org/10.3389/fpls.2015.00462
Klimek-Szczykutowicz, M., Dziurka, M., & Blazevié, 1. (2022). Impacts of elicitors on metabolite production and
on antioxidant potential and tyrosinase inhibition in watercress microshoot cultures. Applied Microbiology and
Biotechnology, 106, 619-633. https://doi.org/10.1007/s00253-021-11743-8

Koubaa, F. G., Chadbane, M., & Turki, M. (2021). Anti-oxidant and hepatoprotective effects of Salvia officinalis
essential oil against vanadium-induced oxidative stress and histological changes in the rat liver. Environmental
Science and Pollution Research, 28(9), 11001-11015. https://doi.org/10.1007/s11356-020-11303-z

Lichtenthaler, H. K. (1987). Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods in
Enzymology, 148, 350-382. https://doi.org/10.1016/0076-6879(87)48036-1

Medeiros, A. P. R., Leite, J. J. F., De Assis, R. M. A,, Rocha, J. P. M., Bertolucci, S. K. V., & Pereira Pinto, J. E.
B. (2024). Application of natural elicitors to promote growth, photosynthetic pigments, and the content and


https://doi.org/10.3390/plants8040096
https://doi.org/10.3390/horticulturae9030349
https://doi.org/10.1002/ird.2595
https://doi.org/10.1104/pp.78.3.438
https://doi.org/10.1186/s12870-024-05443-4
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1186/s40538-020-00192-6
https://doi.org/10.3390/ijms25020764
https://doi.org/10.3390/plants11030439
https://doi.org/10.1007/s11240-023-02485-8
https://doi.org/10.1007/s11240-023-02485-8
https://doi.org/10.3390/horticulturae8010005
https://doi.org/10.3389/fpls.2022.864807
https://doi.org/10.3389/fpls.2015.00462
https://doi.org/10.1007/s00253-021-11743-8
https://doi.org/10.1007/s11356-020-11303-z
https://doi.org/10.1016/0076-6879(87)48036-1

Y50

o B30 oL (o loadigind 9 oy Sluogas p ilisko b ygimad ST (w2 53l 3 g 0sS (50l3]

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

composition of essential oil in Melissa officinalis L. Industrial Crops and Products, 208, 117885.
https://doi.org/10.1016/j.indcrop.2023.117885

Mehdizadeh, L., & Moghaddam, M. (2023). Hydroponic system for cultivation of medicinal plants. In N. S. Kumar
& R. Singh (Eds.). Biosynthesis of Bioactive Compounds in Medicinal and Aromatic Plants (pp. 1-25). Springer.
https://doi.org/10.1007/978-3-031-35221-8_10

Mohi-Ud-Din, M., Tahery, M. H., Nazran, A., Talukder, D., Hasan, M. M., Al-Meraj, S. M. Z., & Ahmed, S. F.
(2025). Synergistic effects of methyl jasmonate and salicylic acid enhances photosynthetic efficiency in drought-
stressed French beans. South African Journal of Botany, 177, 630-642. https://doi.org/10.1016/j.5ajb.2024.12.037
Nakano, Y., & Asada, K. (1981). Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant and Cell Physiology, 22(5), 867—880. https://doi.org/10.1093/oxfordjournals.pcp.a076232
Pesaraklu, A., Radjabian, T., & Salami, S. A. (2021). Methyl jasmonate and Ag+ as effective elicitors for
enhancement of phenolic acids contents in Salvia officinalis and Salvia verticillata, as two traditional medicinal
plants. South African Journal of Botany, 141, 105-115. https://doi.org/10.1016/j.sajb.2021.04.032

Shahhoseini, R., Hossaini, S. M., & Nikjouyan, M. J. (2024). Investigation of the growth and phytochemical
variations for different Salvia species in terms of their transfer and adaptation in Iran. Journal of Applied Research
on Medicinal and Aromatic Plants, 38, 100526. https://doi.org/10.1016/j.jarmap.2023.100526

Sairam, R. K., Deshmukh, P. S., & Saxena, D. C. (1998). Role of antioxidant systems in wheat genotypes tolerance
to water stress. Biologia Plantarum, 41(3), 387—-394. https://doi.org/10.1023/A:1001898310321

Samadi, S., Ghasemnezhad, A., Alizadeh, M., & Alami, M. (2016). Influence of elicitors on photosynthesis
pigments, caffeic acid, chlorogenic acid and proline content of Cynara scolymus callus. Iranian Journal of
Horticultural Science, 47(3), 435-443. (In Persian). https://doi.org/10.22059/ijhs.2016.59806

Skrypnik, L., Golovin, A., & Savina, T. (2022). Effect of salicylic acid on phenolic compounds, antioxidant and
antihyperglycemic activity of Lamiaceae plants grown in a temperate climate. Frontiers in Bioscience (Elite
Edition), 14(1), 3. https://doi.org/10.31083/j.fbe1401003

Sohn, S., Pandian, S., Rakkammal, K., Largia, M. J. V., Thamilarasan, S., & Balaji, S. (2022). Jasmonates in plant
growth, development, and elicitation of secondary metabolites: An updated overview. Frontiers in Plant Science,
13, 942789. https://doi.org/10.3389/fpls.2022.942789

Tafreshi, Y. M., Eghlima, G., & Hatami, M. (2025). Exploring the potential impact of salicylic acid and jasmonic
acid in promoting seed oil content, vitamin C and antioxidant activity in rosehip (Rosa canina L.). BMC Plant
Biology, 25, 249. https://doi.org/10.1186/s12870-025-06251-0

Vinay, C. M., Shetty, D. N., Sanjay, K. U., Venkatasai, N. N., & Rai, P. S. (2025). Impact of salicylic acid
elicitation on the growth, photosynthesis, and metabolites of Bacopa monnieri (L.) Pennell growing in a
hydroponic control system. Scientia Horticulturae, 342, 114056. https://doi.org/10.1016/j.scienta.2025.114056
Wang, C. H., Zheng, L. P., Tian, H., & Wang, J. W. (2016). Synergistic effects of ultraviolet-B and methyl
jasmonate on tanshinone biosynthesis in Salvia miltiorrhiza hairy roots. Journal of Photochemistry and
Photobiology B: Biology, 159, 93-100. https://doi.org/10.1016/j.jphotobiol.2016.01.012

Wang, C., Zhang, J., Lv, J,, Li, J., Gao, Y., Patience, B. E., Niu, T., Yu, J., & Xie, J. (2022). Effect of methyl
jasmonate treatment on primary and secondary metabolites and antioxidant capacity of the substrate and
hydroponically grown Chinese chives. Frontiers in Nutrition, 9, 859035. https://doi.org/10.3389/fnut.2022.859035
Wang, M., Li, J., Rangarajan, M., Shao, Y., Lavoie, E. J., & Huang, C. T. H. (1998). Antioxidative phenolic
compounds from sage (Salvia officinalis). Journal of Agricultural and Food Chemistry, 46(12), 4869-4873.

Zhao, L., Liu, W., Xiong, S., Tang, J., Lou, Z., Xie, M., Xia, B., Lin, L., & Liao, D. (2018). Determination of total
flavonoids contents and antioxidant activity of Ginkgo biloba leaf by near-infrared reflectance method.
International Journal of Analytical Chemistry, 2018, 8195784. https://doi.org/10.1155/2018/8195784


https://doi.org/10.1016/j.indcrop.2023.117885
https://doi.org/10.1007/978-3-031-35221-8_10
https://doi.org/10.1016/j.sajb.2024.12.037
https://doi.org/10.1093/oxfordjournals.pcp.a076232
https://doi.org/10.1016/j.sajb.2021.04.032
https://doi.org/10.1016/j.jarmap.2023.100526
https://doi.org/10.1023/A:1001898310321
https://doi.org/10.22059/ijhs.2016.59806
https://doi.org/10.31083/j.fbe1401003
https://doi.org/10.3389/fpls.2022.942789
https://doi.org/10.1186/s12870-025-06251-0
https://doi.org/10.1016/j.scienta.2025.114056
https://doi.org/10.1016/j.jphotobiol.2016.01.012
https://doi.org/10.3389/fnut.2022.859035
https://doi.org/10.1155/2018/8195784

