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Abstract

Background and Objectives: Hibiscus sabdariffa L., commonly known as Roselle, is a plant
cultivated in many regions of the world regions. Roselle has been used as a medicinal herb in
traditional medicine for controlling and treating different diseases and physical ailments. These
therapeutic effects are attributed to active compounds such as carotenoids, fatty acids, and phenolic
compounds, including phenolic acids and flavonoids. One common method to stimulate plants for
increased production of active compounds is subjecting them to various types of stresses, such as
drought or salinity, along with plant growth regulators. This study investigated salicylic acid's effect
on the phytochemical content and various biological properties of Roselle plants under water
scarcity conditions.

Methodology: The experiment was conducted as a factorial experiment in a completely randomized
design, including irrigation intervals at three levels: three days (D1), five days (D2), and seven days
(D3), and foliar application of salicylic acid at three levels: 0 (SA0), 0.75 mM (SA1), and 1.25 mM
(SA2), with three replicates in a research greenhouse at the International Imam Khomeini
University. The required seeds for cultivation were obtained from Pakanbazr Company in Isfahan.
The imposition of drought stress through irrigation intervals of 3, 5, and 7 days started at the 4-leaf
stage of the plants, and the plant spraying with salicylic acid was performed at the 6-leaf stage,
three days before the start of irrigation treatments. The measurement of electrolyte leakage and
malondialdehyde content was carried out to determine membrane stability and lipid peroxidation
level. Additionally, the measurement of proline content and the activity of three antioxidant
enzymes, including peroxidase, catalase, and ascorbate peroxidase, was performed in different
samples. Furthermore, the total phenolic, flavonoid, and anthocyanin contents, as the main
secondary metabolites of Roselle plants, were measured. The biological and medicinal properties,
including the free radical scavenging activity (DPPH) and a-glucosidase inhibitory activity, were
also evaluated. The obtained data were analyzed using SAS statistical software version 9.4. Mean
comparisons were conducted using Duncan's multiple range test at a significance level of 5%.

Results: The results showed both electrolyte leakage and malondialdehyde content increased
significantly with increasing levels of applied drought stress on Roselle plants. However, overall,
applying salicylic acid treatments led to a decrease in both indicators. The measurement of proline
content in Roselle samples showed that the highest amount of proline was observed in plants
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subjected to the highest drought stress and treated with the 1.5 mM salicylic acid solution. The
activity of all three antioxidant enzymes increased with the intensity of the applied drought stress
and the concentration of salicylic acid solutions. Roselle's highest levels of phenolic and
anthocyanin content were observed in samples sprayed with 1.5 mM salicylic acid solution. The
change in anthocyanin content of Roselle plants also demonstrated that increasing the severity of
water scarcity resulted in higher levels of this compound. The highest DPPH free radical
scavenging activity was observed in Roselle samples grown under the highest drought severity and
sprayed with the highest concentration of salicylic acid (61.93%). The highest antioxidant activity
was also observed in samples treated with the highest concentration of salicylic acid solution in all
irrigation regimes. The highest a-glucosidase inhibitory activity (69.2% and 67.7%) was associated
with Roselle samples grown under the highest applied drought severity, sprayed with 1.5 mM and
0.75 mM salicylic acid solutions, respectively.

Conclusion: It can be concluded that the use of salicylic acid as a growth regulator can contribute
to the enhancement of phytochemical content, especially secondary metabolites such as phenolic
and flavonoid compounds, anthocyanins, and the elevation of defensive parameters such as the
activation of antioxidant enzymes, as well as an increase in osmolyte content like proline in Roselle
plants. These effects assist the plants in exhibiting greater resistance to drought stress and
mitigating the negative impacts of this type of stress on the plant.
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Figure 1. Electrolyte leakage percentage (A) and malondialdehyde concentration (B) of Hibiscus sabdariffa in

different drought stress and salicylic acid treatments
D1, D2, and D3: drought stress at 3, 5, and 7 days levels; SA0, SAL, and SA2: salicylic acid at 0, 0.75, and 1.5 mM levels
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 2. Proline content of Hibiscus sabdariffa in different drought stress and salicylic acid treatments
D1, D2, and D3: drought stress at 3, 5, and 7 days levels; SAO, SAL, and SA2: salicylic acid at 0, 0.75, and 1.5 mM levels
Means with common letters are in the same statistical group at 5% probability level (Duncan test).

SNl N3e padse ol S ap aala LS s S
a5l el ey Jlesl o les

S 5N 5 I gl g ol e

0 el SIE (B e e 5B oS e
g sbdge S gaiid g e 5 ojlas Sas
doalos ylae Ss 0 8 e S5 0 S n o 2al3]
5 Sa slslag 4S5 Seanlie oy e CL’ o) ool ..,\pjf
sl b glie pl Slade 53 (oo sre Sl ded Sl
S S wsa 93 50 IS S5 S s sV e 03 S
953 5038 Jlesl gl sl Sl ¥ 50 Js V/0 Jshone
PN 5 28/NF ol b i 50,V 50 sl Sas CE“
b &S s S ssalie s jlae Sas 0 5 sl SIE 5 3 e
(¥ JSe) ams o glas 1y oYL e bjlas L 5l gols sime

Ol T o 35T
5 San slleg Jhsl 56 e 5l oael ey s
oS SlaeS) 5! ‘5\-%1)5\ cdl e el Sl
ol e sl icwl sad els L N i 0 sl
IS 4 ool sl sl 31 el S ) sbay oS s 1S
slcble § Sas as MC’L’“ Ju\.v Co (5l sixe
POD) w5l 4w e sy ded Sl o line
Lo osas Jlel Sas o 3 8 cas L (APX 5 CAT
sl 2l sl Sdedl bl chle 5, YU
APX 5 CAT POD b3l 4w p b ol cpjiie
e Sk by VAV 5 AC/AY DA/OV olie b i say
Noede VO clle L oaaz Sl LS s oE,
ol s samlin Saa 2 as o YL S sl Sl
B VR VK15 I U 1P SESC L U | P



Sk los] 5 (Kt [l il bl cov (55 la ol 5T Gl 5T clled - o

Table 1. Antioxidant enzymes activity of Hibiscus sabdariffa in different drought stress and salicylic acid treatments

Drought levels Salicylic acid '_DlOD . C_iAT . '_A{PX .
(U mg! Protein) (U mg! Protein) (U mg! Protein)

0 6.09+0.95¢ 43.29+4.409 0.73+0.05f

D1 0.75 8.35+0.79%¢ 49.06+5.32% 1.16+0.16%
1.5 11.40+1.49¢ 59.71+3.61% 1.58+0.14°

0 7.69+1.17% 53.59+6.27¢ 0.83+0.04°f

D2 0.75 9.43+0.68% 61.68+5.34% 0.82+0.09¢f
15 15.77+2.43° 72.70+4.06° 1.32+0.25°

0 10.62+1.38 59.8945.80% 1.05£0.09¢%

D3 0.75 14.68+2.28° 68.91+4.33% 1.25+0.11%
15 19.57+2.752 80.9216.262 1.87+0.152

D1, D2, and D3: drought stress at 3, 5, and 7 days levels
In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 3. Total phenolics content of Hibiscus sabdariffa in different drought stress and salicylic acid treatments
D1, D2, and D3: drought stress at 3, 5, and 7 days levels; SAO, SAL, and SA2: salicylic acid at 0, 0.75, and 1.5 mM levels
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 4. Anthocyanin content of Hibiscus sabdariffa in different drought stress and salicylic acid treatments
D1, D2, and D3: drought stress at 3, 5, and 7 days levels; SAO, SAL, and SA2: salicylic acid at 0, 0.75, and 1.5 mM levels
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 5. DPPH radical scavenging activity of Hibiscus sabdariffa hydroalcoholic extract
in different drought stress and salicylic acid treatments
D1, D2, and D3: drought stress at 3, 5, and 7 days levels; SA0, SAL, and SA2: salicylic acid at 0, 0.75, and 1.5 mM levels
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 6. o-Glucosidase inhibition activity of Hibiscus sabdariffa hydroalcoholic extract

in different drought stress and salicylic acid treatments
D1, D2, and D3: drought stress at 3, 5, and 7 days levels; SA0, SAL, and SA2: salicylic acid at 0, 0.75, and 1.5 mM levels
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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