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Abstract. The elicitor activity of sodium cholate (NaC) was examined in maize (Zea mays, L.) leaves and 

roots. The effect of this bile salt on the oxidative status in maize metabolism was determined by 

spectrophotometric methods, measuring the production of superoxide anions (O2
•- radicals), activity of three 

antioxidant enzymes (superoxide dismutase – SOD, EC 1.15.1.1; catalase – CAT, EC 1.11.1.6 and 

pyrogallol peroxidase – PPX, EC 1.11.1.7), content of malondialdehyde (MDA), an end product of lipid 

peroxidation, the contents of total phenols, tannins and flavonoids, as well as measuring scavenging 

capacity of plant extracts by the DPPH and ABTS assays. In addition, concentration of NaC remaining in 

the growth media was measured. The results showed that all tested NaC concentrations caused mild 

oxidative stress due to increased O2
•- radical production, activity of enzymes, and contents of all measured 

phenolic compounds after seven days of treatment. The highest percentage of NaC remaining in the maize 

growth medium after seven days was measured at the lowest initial concentration, 20 mg L−1, indicating 

that this concentration was the least absorbed by the maize. Results from this study provide important 

insights for sustainable agriculture. 
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Abbreviations: NaC, Sodium cholate; SOD, Superoxide dismutase; CAT, Catalase; PPX, Pyrogallol 

peroxidase; MDA, Malonildialdehyde-; DPPH, 2,2-diphenyl-1-picrylhydrazyl; ABTS, 2,2’-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid); ROS, Reactive oxygen species; HS, Hoagland’s nutrient solution; 

FW, Fresh weight; DW, Dry weight; GAE, Gallic acid equivalents; QE, Quercetine equivalents; TE, Trolox 

equivalents 

Introduction 

When a pathogen comes into contact with a plant, their molecular-level 

communications is initiated by the pathogen sending molecules called elicitors (Ponzio 

et al., 2016). However, not all elicitors originate from a pathogen; some of them are from 

the host plant or another source. A molecule with elicitor activity triggers a plant defense 

response. Several elicitors have been described in the literature, such as jasmonic, 

arachidonic and salicylic acids, some glycoproteins, peptides and phospholipids (Thakur 

and Sohal, 2013), and more recently, bile acids. They are not synthesized in plants, but 

can come into contact with them through stable manure. To our knowledge, among bile 

acids, only the elicitor activity of cholic (Koga et al., 2006) and deoxycholic acid 

(Zarattini et al., 2017) has been described so far. 
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It has been proven that cholic acid in rice leaves caused the accumulation of 

phytoalexins, the induction of hypersensitive cell death, the synthesis of pathogenesis-

related (PR) proteins and increased resistance to the next infection by a virulent pathogen 

(Koga et al., 2006); in the suspension of rice cells it induced the expression of enzyme 

genes that participate in the synthesis of only some types of phytoalexins (Shimizu et al., 

2008), and in the leaves and roots of soybean plants it caused an increase level of 

oxidative stress (Kevrešan et al., 2009; Malenčić et al., 2012). 

Oxidative stress is a process of imbalance between reactive oxygen species (ROS) 

production and the antioxidant defense system (Betteridge, 2000). Plants under the biotic 

factor e.g. pathogen attack, or abiotic factor e.g. heat, chilling, drought, salinity, chemical 

compounds, mechanical damage etc., may increase the level of superoxide anion (O2
•-), 

hydroxyl radical (•OH), perhydroxyl radical (•O2H) and hydrogen peroxide (H2O2). 

Furthermore, the antioxidant defense system could be negatively affected during abiotic 

and biotic stress (Ceron-Garcia et al., 2011). Excessive amounts of ROS and inadequate 

functioning of the antioxidant system lead to cell and tissue injury. Therefore, the efforts 

of farmers to bring up healthy crops could be reinforced with novel techniques focused 

on plant physiology and crop protection by means of the elicitation of plant defense 

responses against any kind of stress (Ceron-Garcia et al., 2011). In addition to many other 

plant defense responses, elicitors have also been shown to induce ROS production, as 

mentioned above in the treatment of soybeans with cholic acid as an elicitor. Increased 

ROS production, accompanied by activation of plant antioxidant systems, could prepare 

the plant defense system for abiotic and biotic stress. 

This study was conducted to test the hypothesis that sodium cholate (NaC) is an elicitor 

that triggers mild short-term oxidative stress in maize (Zea mays, L.), which would 

subsequently contribute to a faster maize defense response to subsequent stress (e.g. 

pathogen attack). This is based on the concept of plant priming, which is defined as a 

unique physiological state induced by treating plants with some natural or synthetic 

compound, with the aim of eliciting a faster and stronger cellular defense response 

following pathogen attack or some abiotic stress (Conrath et al., 2006). Given that this is 

only a preliminary study, further research is needed that would include inducing 

biotic/abiotic stress in the maize plant after NaC treatment. If this hypothesis proves to 

be true, the plant priming method could contribute to sustainable agriculture by improving 

crop protection in a safe and environmentally friendly way. 

Materials and methods 

Plant growing procedure 

Maize seeds were sterilized in a 1.8% NaClO solution and sown in the sterilized sand 

for seven days to grow. After that period, the seedlings were transferred to the pots with 

Hoagland’s nutrient solution (HS). This solution contained several components dissolved 

in water: Ca(NO3)2 × 4H2O, KNO3, MgSO4 × 7H2O, KH2PO4, Fe-EDTA, as well as 

microelements: H3BO3, MnSO4 × 4H2O, ZnSO4 × 7H2O, CuSO4 × 5H2O and 

(NH4)6Mo7O24 × 4H2O (Malenčić et al., 2012). The maize seedlings were growing 

hydroponically during another seven days at the average temperature of 25°C. Each pot 

consisted of eight maize seedlings and every treatment and control were performed in 

triplicate. After two weeks in total, the treatment with the salt of cholic acid, NaC, was 

performed, and control seedlings were grown without added NaC. Aqueous solution of 

NaC was used in measuring the remaining concentration of NaC in the growth media and 
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NaC dissolved in HS was used in measuring of the effect of NaC on the induction of 

oxidative stress. Cholic acid was used in the form of salt because in that form it was 

soluble in water and applicable for treatment. Solutions of NaC were used as a growth 

media for maize seedlings, so absorption occurred through the roots. Leaves and roots 

samples were taken one, three, five and seven days after the treatment, and each time 

morphological characteristics (leaf and root fresh weight and root length) were measured. 

 

Measurement of the remaining concentration of NaC in the growth media 

Maize seedlings were grown as described in the previous section and then placed in an 

aqueous NaC solution, with a concentration of 20, 40, 60 and 80 mg L−1. Immediately 

after dissolving NaC in water, medium samples were taken as a control (0 days), and the 

samplings were continued every other day until the seventh day. 

The remaining concentrations of NaC in growth media were measured by the HPLC 

method (Zhu and Brown, 1990). After filtration through the syringe filters 

(CHROMAFIL Xtra RC-45/25, pores size 0.45 µm, Ø25; Macherey-Nagel GMbH Co 

KG, Düren, Germany), the samples were analyzed by the SpectraSystem HPLC 

instrument (Thermo Separation Products, Inc., Waltham, MA, USA). The apparatus 

included a Symmetry C18 column (150 × 4.6 mm, 3.5 µm; Waters Corporation, Wexford, 

Ireland) heated to 35°C, an SCM1000 degasser, a P4000 quaternary gradient pump, an 

AS3000 autosampler, and an RI-150 refractive index detector. ChromQuest 5.0 Software 

was used to acquire and process the results. The mobile phase used in this experiment 

was the mixture of methanol and 0.1 M acetic acid (70/30, v/v) (linear elution) at a flow 

rate of 1 mL min−1. Injection volume was 20 µL, flush volume 400 µl and run time 

20 min. The NaC concentrations in samples of growth media were quantified by external 

standardization with calibration curves using a stock solution of NaC (2400 mg L−1) in 

water. Seven different concentrations: 5, 10, 20, 40, 80, 100 and 150 mg L−1 were used 

for the stock solution and the results are expressed as a percentage of the remaining 

concentration of NaC in the medium compared to the initial concentration. 

 

Measurement of the effect of NaC on the induction of oxidative stress in maize 

Collected leaves and root samples were prepared for biochemical analysis. Methods 

for determination of NaC effect on the induction of oxidative stress used in this study 

were: measuring of O2
•- radical production, activity of antioxidant enzymes (SOD, CAT 

and PPX), intensity of lipid peroxidation (content of MDA), contents of total phenols, 

tannins and flavonoids, as well as two antioxidant assays, DPPH and ABTS assay. 

It was weighted 1 g of fresh maize leaves and 2 g of fresh maize roots. The remaining 

fresh leaves were allowed to dry, then ground. Fresh leaves and roots samples were 

homogenized with 10 mL of phosphate buffer (0.1 M KH2PO4), at pH 7, and then 

centrifuged at 5000 rpm at 4°C, for 15 min, and the supernatant was separated. Dry leaf 

samples (0.2 g) were prepared with 70% acetone and the extraction lasted for 24 h, 

followed by filtration through filter paper (Whatman No. 4) and the resulting extracts 

were stored in the refrigerator until use. Obtained supernatants and extracts were used for 

the abovementioned assays, based on UV/VIS spectrophotometry. 

Determination of the production of O2
•- radical is based on the reaction of inhibiting 

the autoxidation of adrenaline (Misra and Fridovich, 1972; Volkov et al., 2023). 

Absorbance of formed adrenochrome, the product of adrenaline autoxidation, was 

measured at 480 nm and the O2
•- content was expressed as µmol g−1 FW. The activity of 
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SOD was measured based on the its ability to inhibit the photochemical reduction of nitro 

blue tetrazolium chloride (NBT) (Mandal et al., 2008). The absorbance of formed 

formazan blue was measured at 560 nm and the results were expressed as U g−1 FW. One 

unit of the SOD activity is defined as the amount of the enzyme, required to inhibit 

reduction of NBT by 50%. The activity of CAT was determined by measuring the 

decomposition of H2O2, with a decrease in absorbance at 240 nm (Elevarthi and Martin, 

2010), and the pyrogallol peroxidase by measuring the content of purpurogallin, a product 

of pyrogallol oxidation, at 430 nm (Morkunas and Gmerek, 2007). As with SOD, the 

results for CAT and PPX were also expressed as U g−1 FW. According to the same 

reference as for determining SOD activity (Mandal et al., 2008), with minor changes, the 

level of lipid peroxidation was determined. MDA production was evaluated as a measure 

of the level of lipid peroxidation. This method is based on the reaction between the formed 

MDA and thiobarbituric acid (TBA). Concentration of the resulting product was 

measured spectrophotometrically at 532 nm, and the results were expressed as nmol 

MDA g−1 FW. The content of total polyphenols and tannins was determined by the Folin-

Ciocalteu procedure (Hagerman et al., 2000). Tannin content was determined as follows: 

tannins were removed from the extracts by adsorption on insoluble matrix 

polyvinylpolypyrrolidone – PVPP, and the content of non-tannin phenols was 

determined, in the same way as total polyphenols, by adding the Folin-Ciocalteu reagent 

and 20% Na2CO3, followed by the absorbance reading at 720 nm. Measured values of 

non-tannin phenols content were subtracted from the measured values of total 

polyphenols content, whereby the tannins content was calculated and both total 

polyphenols and tannins content were expressed as mg GAE g−1 DW. Assessment of 

flavonoids content was conducted by adding AlCl3 reagent and measuring the absorbance 

of the formed complex at 430 nm (Harnafi et al., 2007). Results were expressed as mg 

QE g−1 DW. DPPH and ABTS assays (Chang et al., 2007) were performed in order to 

evaluate the antioxidant potential of the plant extracts. The DPPH assay is based on the 

radical scavenging ability of the extract’s components, where transformation of the purple 

DPPH۰ radical into a yellow reduced form is measured (maximum absorption at 517 nm). 

ABTS assay, similar to the DPPH, measures the ability of the extracts to neutralize 

ABTS۰+ radicals (absorbance was measured at 734 nm). The results of DPPH and ABTS 

assays were expressed as mg TE g−1 DW. 

 

Statistical analysis 

All measurements were performed in triplicate and all results were expressed as 

mean ± standard error (SE), n = 9. Statistical significance was tested with a one-way 

ANOVA followed by comparisons of means by Fisher LSD test (Statistica - 14.0.0.15, 

TIBCO Software Inc.), and P values less than 0.05 were considered significant. In all 

figures vertical lines represent standard errors. 

Results 

The amount of NaC remaining in the aqueous solution in which maize seedlings were 

grown for seven days was measured. Other than that, the effect of NaC on oxidative stress 

in this crop was determined by measuring various parameters. 
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Concentration of NaC in the growth medium of maize seedlings 

Four concentrations of NaC were used in this test: 20, 40, 60 and 80 mg L−1, and after 

one day, medium sampling was started to determine the remaining NaC concentration 

compared to the initial concentration in order to estimate the approximate amount of NaC 

absorbed by the maize. Sampling continued after 3, 5 and 7 days, and the results are 

shown in Figure 1. 

 

 

Figure 1. Percentage of remaining NaC in the growth media of maize seedlings over seven 

days, compared with initial concentrations (20, 40, 60 or 80 mg L−1) of NaC. The values are 

expressed as mean ± standard error (SE), n = 9, and those marked with an asterisk are 

significantly different from 0 days, the control (P < 0.05) 

 

 

Already after the first day, the remaining NaC concentrations in the medium were 

about 50% or more (40 mg L-1 NaC 85%) of the initial concentration. After that, the 

decrease in concentrations continued until the seventh day, when 4, 6 and 9% from the 

initial concentrations of 40, 60 and 80 mg L−1 NaC respectively remained in the medium 

and 17% from initial 20 mg L−1 NaC. This indicates that the lowest NaC concentration 

(20 mg L−1) was the least absorbed by maize during this seven day-period. All decreases 

in NaC concentrations in this experiment are statistically significant compared to the 

initial concentrations. 

 

The effect of NaC on the oxidative stress parameters in maize 

Parameters of oxidative stress determined in this experiment were: superoxide anion 

(O2
•- radical) production, activity of antioxidant enzymes (superoxide dismutase – SOD, 

EC 1.15.1.1; catalase – CAT, EC 1.11.1.6 and pyrogallol peroxidase – PPX, EC 1.11.1.7), 

lipid peroxidation intensity – measured by the content of the end product, malondialdehyde 

(MDA), contents of total phenols, tannins and flavonoids, as well as scavenging capacities 

by DPPH and ABTS assays. The obtained results are given in Figures 2 and 3. 

Treatment of maize with 80 mg L−1 NaC, after one day, led to a statistically significant 

reduction in MDA content in leaves, compared to the control. Also, at the same 

concentration, the activity of all tested antioxidant enzymes, SOD, CAT and PPX, was 

significantly reduced in roots. Other than that, at concentrations of 40 and 60 mg L−1, 

after one day of treatment, there was a significantly reduced scavenging capacity in the 

ABTS assay in plant extracts, and at 20 and 40 mg L−1 there was a significant increase in 

tannin content compared to the control. 

At all concentrations of NaC, three days after treatment, the activity of at least one 

enzyme was significantly reduced. By the influence of the lowest concentration, 20 mg L−1 
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NaC, in the leaves was only reduced the activity of SOD, and in the roots the activity of all 

enzymes, by the influence of 40 mg L−1 NaC in the leaves were reduced activity of SOD 

and PPX, and in the roots only PPX, then with concentration of 60 mg L−1 in the leaves 

only the activity of PPX was reduced, and in the roots only CAT, while with the highest 

concentration of NaC, 80 mg L−1, were significantly reduced the activity of CAT and PPX 

in the leaves and roots. Also, by all concentrations of NaC, the tannin content significantly 

decreased compared to the control. Furthermore, the results of the flavonoid content and 

ABTS assay were harmonized after three days of treatment. NaC concentrations of 20 and 

40 mg L−1 significantly reduced flavonoid content and scavenging capacity in the ABTS 

assay, and the concentration of 60 mg L−1 significantly increased them. 

 

 

Figure 2. О2
•- radical production, SOD, CAT, PPX activities and MDA content in maize 

seedlings treated with NaC (20, 40, 60 and 80 mg L-1) during seven days. The values are 

presented as mean value ± standard error, n = 9, and those marked with an asterisk are 

significantly different from the control (P < 0.05) 
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Five days after the treatment of maize with NaC, the production of O2
•- radicals 

significantly increased in the leaves compared to the control by the impact of 40 mg L−1 

NaC, and in the roots it significantly decreased by the impact of 20 mg L−1 NaC, where 

it also affected the reduction of PPX activity. This lowest concentration of NaC 

significantly increased the content of tannins, flavonoids as well as the scavenging 

capacity in the DPPH assay. The increased content of phenolic compounds after five days 

was also observed with moderate concentrations of NaC: 40 mg L−1 increased the content 

of flavonoids and 60 mg L−1 of total phenols, tannins and flavonoids. In this period, after 

five days, higher concentrations of NaC, 60 and 80 mg L−1 significantly reduced the 

scavenging capacity in the ABTS assay. 

On the seventh, last day of sampling, it was found that only moderate concentrations of 

NaC (40 and 60 mg L−1) statistically significantly increased the production of O2
•- radicals 

compared to the control, and only in the leaves. Also, in this period, all but the highest 

concentrations of NaC caused a significant increase in enzyme activity, especially in roots: 

20 mg L−1 NaC caused an increase only in SOD activity in roots, 40 mg L−1 in CAT activity 

in roots and PPX activity in leaves and roots, and 60 mg L−1 CAT and PPX activities in 

roots. Furthermore, 40 mg L−1 of NaC caused a significant increase in MDA content in the 

roots, and 80 mg L−1 in the leaves which indicates an increased intensity of lipid 

peroxidation in these samples. After the seventh day of treatment, significantly higher 

amount of total phenols and tannins was recorded in the treatment with 80 mg L−1 NaC. In 

the treatment with 40 mg L−1 NaC significantly lower amount of total phenols and 

scavenging capacity in the DPPH and ABTS assays was recorded, as well as a significantly 

lower scavenging capacity in the ABTS assay in the treatment with 20 mg L−1 NaC. 

 

 

Figure 3. Total phenols, tannins and flavonoids contents, as well as scavenging capacities by 

DPPH and ABTS assays in maize seedlings treated with NaC (20, 40, 60 and 80 mg L-1) during 

seven days. The values are presented as mean value ± standard error, n = 9, and those marked 

with an asterisk are significantly different from the control (P < 0.05) 
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At each sampling, the leaf and root fresh weight, as well as the root length, were 

measured. The results of morphological characteristics are shown in Figure 4, and the 

appearance of the plants in Figure 5. According to the results, NaC had the greatest effect 

on the leaf fresh weight, while in the roots it almost did not cause a significant change in 

either fresh weight or length. In addition, 40 mg L−1 NaC caused the most statistically 

significant changes in the morphological characteristics compared to the control, because it 

caused a significant increase in the leaf fresh weight and the root length of maize after three 

days of treatment and after seven days a significant decrease in the leaf and root fresh weight. 

Except for 40 mg L−1, the highest concentration of NaC, 80 mg L−1, caused a significant 

increase in leaf fresh weight compared to the control after the third day of treatment. 

 

 

Figure 4. Morphological characteristics of maize after seven days of treatment with 20, 40, 60 

and 80 mg L-1 NaC. The values are presented as mean value ± standard error, n = 9, and those 

marked with an asterisk are significantly different from the control (P < 0.05) 

 

 

 

Figure 5. Appearance of maize seedlings after seven days of treatment with 20, 40, 60 and 

80 mg L-1 NaC. The first pot on the left was the control and next to it to the right were the 

treatments from lowest to highest concentration 
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Discussion 

The treatment of maize seedlings with NaC induced mild oxidative stress, which was 

expected as this bile acid salt has been previously shown to have elicitor activity in 

soybean plants (Kevrešan et al., 2009). In our preliminary studies (Crnković et al., 2022) 

of the effect of NaC, dissolved in water or HS, on oxidative stress in sunflower and maize 

based on measuring MDA content, it was also shown that NaC had good elicitor activity 

because it caused mild oxidative stress by increasing MDA content and thus the intensity 

of lipid peroxidation. Furthermore, in the same reference was reported that concentrations 

of 60 and 80 mg L−1 NaC in maize roots caused increased MDA content compared to the 

control even after five days, in contrast to sunflower roots in which MDA content was 

reduced compared to the control by treatment with 20, 40, 60 and 80 mg L−1 NaC already 

after the third day, which means that NaC maintained oxidative stress in maize for a 

longer period than in sunflower. This information could be useful in planning future 

experiments with a pathogen in terms of how long before the pathogen NaC should be 

applied to have the effect of accelerating the maize defense response. 

The results from this study showed that first day after maize treatment with NaC, at 

low concentrations (20 and 40 mg L−1) the first marker of high level of oxidative stress 

was increased tannin content compared to the control. Tannins, like all other phenolic 

compounds, are antioxidants that plants generate to protect against oxidative damage 

(Fedeli et al., 2004). The increased content continued for all other measured phenolic 

compounds with treatment with all NaC concentrations after five and seven days. 

Considering this and all other parameters, oxidative stress in maize was stronger in the 

second half of the NaC treatment period, because during that period, under the influence 

of all NaC concentrations, there was either increased production of O2
•- radicals, higher 

activity of antioxidant enzymes or increased content of MDA and phenolic compounds 

compared to control (or a combination of several of them), all of which indicates that 

oxidative stress was still present after seven days. 

In a study of soybean treatment with NaC in combination with inoculation with 

Aspergillus niger (Malenčić et al., 2012), it was concluded that NaC alone did not 

contribute to oxidative stress, except at the highest concentration of 80 mg L−1, and when 

it acted together with a source of biotic stress (A. niger), it seemed to be too aggressive 

for the soybean defense system. Therefore, it is necessary to find the appropriate 

concentration of NaC and find the most optimal time when the treatment should be done 

before infection. It is also necessary to find a suitable maize pathogen for further research 

into how NaC will affect maize metabolism when applied prior to infection. 

The ABTS assay, in this study, generally showed statistically significant changes in 

scavenging capacity (mostly decreases compared to control) in a larger number of maize 

samples than the DPPH assay. According to the number of samples that showed 

statistically significant changes compared to the control, enzyme activities (especially 

CAT and PPX in the roots), tannin content and ABTS assay stand out the most. Therefore, 

the influence of NaC on oxidative stress in maize was most evident in those parameters. 

Also, it is observed that during the first three days of treatment, the parameters of 

oxidative stress generally decrease compared to the control, i.e. enzyme’s activity, 

phenolic compound contents, and scavenging capacities in antioxidant assays decreased 

(with a few exceptions), while after the fifth and seventh day, an increase in parameters 

is generally observed compared to the control: production of O2
•- radicals, enzyme’s 

activity and phenolic compound contents. According to the obtained results for MDA 

content, NaC significantly affected lipid peroxidation in only a few samples, more 
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precisely only the concentrations of 40 mg L−1 (in the roots) and 80 mg L−1 (in the leaves) 

caused a significant increase in MDA content, and this occurred only after the seventh 

day of treatment, which means that the effect of NaC on maize cells was not too 

aggressive. 

Although there are not many recent studies on the elicitor activity of cholic acid, 

studies on other elicitors and the different plant defense responses they trigger can be 

found in the literature. It has been proven so far that some of the following responses can 

also be caused by cholic acid. The 12-oxophytodienoic acid (OPDA), precursor of the 

jasmonic acid (JA), has been found to triggers production of phytoalexins in rice cells 

(Shinya et al., 2022). Also, the elicitors salicylic acid (SA), gibberellic acid (GA), abscisic 

acid (ABA), 2,6-dicholorisonicotinic acid (INA) and γ-aminobutyric acid (GABA) are 

shown to induce the biochemical defense in maize against the maydis leaf blight disease. 

All of the measured parameters, for example total phenol content and SOD activity, were 

increased by all elicitors (Kumar et al., 2024). Other than that, Elshahawy and Abd 

El-Wahed (2025) reported that SA can be used as an environmentally safe fungicide 

against the late wilt disease of maize, as it induced increased total phenol and flavonoid 

content, peroxidase activity, and other parameters. 

Conclusion 

All concentrations of NaC induced oxidative stress in maize, with greater intensity after 

the fifth and seventh day, when most oxidative stress parameters were increased compared 

to control. The lowest applied concentration of NaC, 20 mg L-1, appeared to induce the 

mildest level of oxidative stress, as after the seventh day of treatment it induced increasing 

of only one parameter compared to control, an increase in the SOD activity in maize roots. 

Also, this lowest concentration of NaC did not cause statistically significant changes in 

morphological characteristics. Since we found that 17% of the initial 20 mg L-1 NaC was 

still detected in the growth medium after the seventh day, which was the highest percentage 

of the remaining concentration in the medium of all other initial NaC concentrations, it can 

be concluded that the 20 mg L-1 NaC was the least absorbed by the maize. Based on all 

these findings, 20 mg L−1 NaC did not prove to be toxic to maize metabolism during the 

seven-day experiment. It has also been shown to be the most harmless concentration of 

NaC for use in plant priming of maize, as it has been shown to induce oxidative stress that 

is alleviated after seven days. 
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