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experiment simulating artificial “fog” events and water deficit. Variations in relative water 

accumulation of H₂O₂ and superoxide anions). Artificial fog partially helped maintain the leaf 



2021), hydathodes (Martin and Von Willert 2000; Fradera‐Soler 

as superoxide anions (O₂⁻), hydrogen peroxide (H₂O₂), and hydroxyl radicals (•OH), are 

the dismutation of O₂⁻ into H₂O₂, which is subsequently scavenged through the coordinated 



with high FWU capacity, for instance, reduced H₂O₂ levels have been observed alongside 

water use efficiency because carbon dioxide (CO₂) fixation occurs at night, when water loss by 



experiment using artificial “fog” events to evaluate how variation in fog frequency affects CAM 

relative humidity, with a 16 to 8 h light/dark photoperiod and a light intensity of 50 μmol m⁻² 

s⁻¹. Throughout the acclimation period, individuals were irrigated twice a week with 



RWC = [(FW − DW)/(TW − DW)] × 100, where FW corresponds to fresh weight, DW to dry 
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 (in the median region 

of the rosette) after 30 days of experimentation using a portable chlorophyll fluorometer 

(OS30P+, Opti-Sciences, Inc., Hudson, NH, USA). The leaves were dark-adapted for 30 min 

before the measurements. The following parameters were recorded: the maximum quantum 

yield of PSII (Fᵥ/Fₘ) and the maximum efficiency of PSII photochemical processes (Fᵥ/F₀) 

The diurnal variation in organic acids (ΔH



proposed by Hartsock and Nobel (1976). The results are expressed in µeq of H⁺ per g of fresh 

For the quantification of hydrogen peroxide (H₂O₂) and malondialdehyde (MDA), leaf 

and subsequently stored in an ultrafreezer at −80 °C until analysis.
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(1968), and the results were expressed as nmol g⁻¹ fresh weight.

The hydrogen peroxide (H₂O₂) content was determined as described by Junglee 

basis of a calibration curve prepared with a 0.1% H₂O₂ standard solution and expressed as mM 

g⁻¹ fresh weight.

Histochemical localization of O₂·⁻



for 30 days. To detect superoxide anion (O₂·⁻), the leaf fragments were incubated in a 0.5% p

The protein content was determined by mixing 150 μL of the protein extract with 300 

μL of Bradford reagent and incubating at room temperature for 5 min (Bradford 1976). 

Tek). Bovine serum albumin (BSA) solutions ranging from 0 to 0.5 mg mL⁻¹ 

mg g⁻¹ fresh weight.



(pH 6.8) and 20 mM H₂O₂ was used in a total volume of 2 mL. H₂O₂ consumption at 240 nm 

Catalase activity was determined using a molar extinction coefficient of 36 M⁻¹ cm⁻¹ (Anderson 

min⁻¹ mg⁻¹ protein).

–

(pH 7.8), 0.4 mM ascorbate, 0.3 mM H₂O₂, and 50 µL of protein extract (Hossain and Asada 

expressed in μmol H

5.8), 7.2 mM guaiacol, 11.8 mM H₂O₂, and 50 µL of protein extract was used (Kato and Shimizu 

was expressed in μmol H

–

7.8), 3 mM MgCl₂, 0.25 mM oxidized glutathione (GSSG), 0.2 mM NADPH, 1 mM EDTA, 

which was expressed in μmol NADP mg

mL⁻¹). The extracts were pooled and filtered using syringe filters.

of 5% NaNO₂, homogenized, and allowed to react for 5 min. Then, 30 µL of 2.5% AlCl₃ was 



) calibration curve and expressed as mg per gram of dry weight (mg QE g⁻¹ 

–

carbonate (Na₂CO₃) (Mongkolsilp 

of dry weight (mg GAE g⁻¹ DW).

), oxidative stress (H₂O₂ and MDA), antioxidant enzyme activities (APX, 

(Hartig 2022). The means were compared using Tukey’s adjusted paired comparisons across 



with a significance level of 5% (p ≤ 0.05). For statistical analyses, each plant was treated as an 

—

—

among treatments based on GLMs with Gaussian or Gamma family distributions (for both, p ≤ 



considering a significance level of 5% (p ≤ 0.05).

Variations in chloroplastic pigment content (mg g⁻¹ FW) in leaves of 

a significance level of 5% (p ≤ 0.05).

Δ g⁻¹ 

Parameters Control Artificial fog Water deficit Df F value p value
Chlorophyll a 0.49 ± 0.10 0.46 ± 0.07 0.49 ± 0.09 2 0.31 > 0.05
Chlorophyll b 0.15 ± 0.04 0.17 ± 0.05 0.16 ± 0.02 2 0.29 > 0.05

Total Chl (a + b) 0.65 ± 0.13 0.67 ± 0.13 0.65 ± 0.11 2 0.06 > 0.05
Carotenoids 0.09 ± 0.01 0.09 ± 0.01 0.10 ± 0.02 2 0.86 > 0.05

Chlorophyll a/b 3.24 ± 0.41 3.07 ± 0.46 3.13 ± 0.23 2 0.44 > 0.05
Chl (a + b)/carot 7.00 ± 0.57a 6.43 ± 0.30b 6.26 ± 0.20b 2 7.88 < 0.01



χ

Variations in hydrogen peroxide (H₂O₂) and malondialdehyde (MDA) concentrations

The H₂O₂ concentration in the leaves of 

Hydrogen peroxide (H₂O₂) and malondialdehyde (MDA) concentrations in leaves of 

) Hydrogen peroxide (H₂O₂) and (

Gaussian family distributions, considering a significance level of 5% (p ≤ 0.05).

–





significance level of 5% (p ≤ 0.05).

significance level of 5% (p ≤ 0.05).

Enzymes Control Artificial fog Water deficit Df F value p value
Protein 0.14 ± 0.01a 0.11 ± 0.01b 0.12 ± 0.02ab 2 6.21 < 0.05
SOD (U mg-1 prot) 0.55 ± 0.08 0.67 ± 0.10 0.51 ± 0.10 2 3.86 > 0.05
CAT (mmol min-1 mg-1 prot) 5.50 ± 1.67 5.93 ± 2.45 4.18 ± 2.07 2 0.96 > 0.05
APX (μmol H2O2 mg-1 prot min-1) 0.81 ± 0.41 0.84 ± 0.27 1.27 ± 0.39 2 2.51 > 0.05
POX (μmol H2O2 mg-1 prot min-1) 0.43 ± 0.12b 0.74 ± 0.15a 0.65 ± 0.08a 2 8.65 < 0.01
DHAR (mM Asc mg-1 prot h-1) 0.09 ± 0.04 0.10 ± 0.03 0.10 ± 0.04 2 0.18 > 0.05
GR (μmol NADP mg-1 min-1) 1.15 ± 0.05b 2.51 ± 0.70a 1.70 ± 0.45ab 2 15.07 < 0.001





–



evidence of CAM induction was detected through diel acid fluctuation (ΔH⁺), indicating the 

subjected to water deficit presented increased accumulation of H₂O₂ and superoxide anions in 

H₂O₂ levels in all leaf portions during drought stress (Abreu 



catalyzes the conversion of O₂•⁻ into H₂O₂, whereas enzymes such as APX, DHAR, GR, CAT, 

and POX are involved in H₂O₂ detoxification and the removal of lipid peroxides (Noctor and 

In addition to its role in H₂O₂ scavenging, POX is involved in several physiological processes 

–



drought promoted oxidative stress through increased accumulation of H₂O₂ and superoxide 

— —

–

–
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