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Abstract

Zinc (Zn (I1I) HEDTA) was used to determine their effect on salt-induced damages in maize plants.
The aim of this study was to investigate the antioxidant capacity and the levels of enhanced total
phenolic (TPC), total flavonoid (TFC) contents and their antioxidant activity in leaves of two maize
cultivars Single cross 10 (SC10) and Single cross 162 (SC162) grown in two levels of salinity 0.00
and 100 mmol in response to 20 pmol Zn (II) HEDTA foliar spray treatments. Significant differ-
ences (P < 0.05) in amounts of TPC ranged from (2.55 to 4.62 mg/gdw as Gallic) in Single cross 10
(SC10) and from (2.53 to 4.38 mg/gdw as Gallic) in Single cross 162 (SC162), TFC (ranged 1.53 to
2.41 mg/gdw as qurestien) in Single cross 10 (SC10) and from (1.28 to 2.41 mg/gdw as qurestien)
in Single cross 162 (SC162) among all treated plants were observed. The levels of their compounds
increase related to foliar spraying of Zn (II) HEDTA. A significant positive correlation between TPC,
TFC and DPPH scavenging activity and iron chelating activity was observed which shows that
phenolic compounds were involved in the mechanism of salt tolerance of the two cultivars by
showing enhanced antioxidant activity which resulted in reduced membrane damage and hence
improved growth. According to the results obtained, the adverse effects of salt stress on maize
plants can partly be alleviated with application of Zn (II)-HEDTA chelates. It is concluded that the
application of Zn (II) HEDTA to maize plants grown in salt conditions leads to the increase of anti-
oxidant compounds and maize tolerance.
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1. Introduction

Salinity is one of the most important abiotic stresses affecting yield and quality of agricultural plants worldwide.
Salinity may affect root uptake, translocation to shoots and physiological utilization of nutrients in plant. For
example, [1] reported that reduced phytosiderophore exudation from roots of Fe and Zn deficient barley plants
under salinity conditions that decreased root Fe and Zn uptake Fe, Zn, Mn foliar spray used by [2] [3] to in-
crease wheat tolerance in wheat plants.

To reduce AOS-induced damage, plants have evolved an antioxidative system, involving antioxidative en-
zymes, as well as low-molecular mass secondary metabolites such as phenolic compounds [4]. However a lot of
research is being conducted to elucidate the role of various antioxidant metabolites in plant stress tolerance, an-
tioxidant properties of phenolic compounds among other metabolites have been studied to a great extent [5] [6].
Higher activity of phenolics under stress conditions could be due to the greater H'-donating ability and radical
stabilization than a variety of other antioxidant metabolites [7]. However, zinc possesses significant antioxidant
activity, which implies the potential for utilizing and promoting the health benefits of maize [8] [9]. Phenolic
and flavonoids are the main antioxidant compounds that are believed to be responsible for the antioxidant prop-
erties [10] [11]. Different plant species and genotypes within a species respond differently to salt stress. Maize
(Zea mays L.) is the third most important cereal crop after wheat and rice and is grown all over the world in a
wide range of climatic condition. Being highly cross pollinated, maize has become highly polymorphic through
the course of natural and domesticated evolution and thus contains enormous variability in which salinity toler-
ance may exist. Maize (Zea mays L.) is moderately sensitive to salinity and considered as salt sensitive of ce-
reals [8]. Despite its position, as one of the leading food crops of the world, few findings have been done to im-
prove salt tolerance in this crop. Because of great sensitivity of this crop, improvement for salt tolerance would
be of considerable value.

Zinc (Zn) is an important micronutrient essential for plant growth and development. One approach is the use
of foliar spraying for increasing plant tolerance to salinity by alleviating Na* and CI” injury to plants [12]-[14].
So, the objective of the present work was to examine the pattern of accumulation of phenolic contents in re-
sponse to Zn-HEDTA foliar spray in two maize cultivars under salt stress, and the roles of these phenolic com-
pounds in plant tolerance, because it is known that different antioxidant compounds may act in vivo through dif-
ferent mechanisms, in plant stress tolerance.

2. Materials and Methods
2.1. Plant Materials and Growth Conditions

The experiment was carried out at Fertilization Technology Department, National Research Centre, Cairo, Egypt,
at Climatic Chamber (SNIJDERS SCIENTIFIC) donated by A.V. Humboldt Foundation, FR Germany. Seeds of
two cultivars of maize Single cross 10 (SC10) and Single cross 162 (SC162) were washed and soaked for sever-
al hours in aerated tap water. The germination was carried out in plastic dishes at 28°C in dark. Three days-old
seedlings were put to grow in plastic pots filled with one-tenth concentration of Hoagland-Arnon solution (pH
6.0) containing 5 m MCa(NOs),-4H,0, 5 mM KNOs;, 1 mM KH,PO,4, 2 mM MgSO,-7H,0 and micronutrients in
uM: H,BO;—10, MnCl,—0.5, ZnSO,—0.5, CuSO,—0.2, Na,M00O,—0.1, Fe (I11)-HEDTA—20. The seedlings
were grown in an environmental chamber under 12-h light at PPFD of 120 pmol-m *sec™* provided by fluores-
cent tubes, 12-h night, 60% RH, at 25°C day/20°C night temperature. Two days later the plants were divided in-
to four variants (plus and minus NaCl) with and without spraying Chelated Zn (20 umol) were applied for each
pot. It was used to correct the nutrient imbalance caused by salt stress conditions. At 21 days old leaves were
collected for different analysis.

2.2. Chemicals
2,2-Diphenyl-1-picrylhydrazyl (DPPH’) was purchased from Sigma Aldrich from Sigma-Aldrich (St. Louis,
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MO). 3-(2-Pyridyl)-5,6-diphenyl-1,2,4-triazine-4',4"-disulfonic acid monosodium salt (ferrozine) were pur-
chased from Fluka (Buchs, Switzerland). All other chemicals and solvents were of the highest commercial grade
and obtained from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China).

2.3. Biochemical Analysis

2.3.1. Determination of Total Phenolic Content (TPC)

The total phenolic content (TPC) in maize extracts were determined spectrophotometrically according to [15] by
Folinn-Ciocalteu reagent assay using Gallic acid as a standard compound for the preparation of calibration curve
(20 - 120 pg/ml). (Total phenolic content of samples was measured at 670 nm and expressed as mg Gallic acid
equivalents (GAE)/g dry weight. All samples were analyzed in triplicates.

2.3.2. Determination of Total Flavonoids (TFC)

Total flavonoids content (TFC) of maize extracts were spectrophotometrically determined by the aluminum
chloride method using quercetin as a standard compound for preparation of calibration curve based on the for-
mation of complex of flavonoid aluminum [16]. After incubation at room temperature samples were measured at
512 nm and expressed as mg quercetin equivalents (QE)/g fresh weight. The content of flavonoids was also es-
timated from the standard calibration curve of (20 - 120 pg/ml) Samples were analyzed in triplicates.

2.3.3. DPPH: Free Radical Scavenging Assay
The method described by [17] was used to assess the DPPH- (2, 2-diphenyl-1-picryl hydrazyl) radical scaveng-
ing activity of maize methanolic extract. 0.1 mmol of DPPH"in methyl alcohol was prepared and 0.5 ml of this
solution was added to 1 ml of maize methanolic extracts at different concentrations (20, 50, 100, 150, 200
pg/ml). Methanol was used as blank. The mixture was shaken vigorously and allowed to stand at room temper-
ature. Butyl Hydroxy toluene (BHT, Sigma) was used as positive control; and negative control contained the en-
tire reaction reagent except the extracts. Then the absorbance was measured at 515 nm against blank (methanol
pure). Lower absorbance of the reaction mixture indicated higher free radical scavenging activity.

The capacity to scavenge the DPPH: radical was calculated using the following equation:

DPPH- scavenging effect (Inhibition %) =

[(A.—As/A,)x100]

where A, was the absorbance of the control reaction and as the absorbance in the presence of the plant metha-
nolic extract.

2.3.4. Metal Chelating ACTIVITY
Metal chelating effects on ferrous ions was carried out as described by [18]. One ml of 80% maize methanolic
extract, or EDTA solution as a positive control at different concentrations (20, 50, 100, 150, 200 pg/ml) were
spiked with 0.1 ml of 2 mmol FeCl,-4H,0 and 0.2 ml of 5 mmol ferrozine solution and 3.7 ml methanol were
mixed in a test tube and reacted for 10 min, at room temperature then the absorbance was measured at 562 nm.
Mixture without extract was used as the control. A lower absorbance indicates a higher ferrous ion chelating ca-
pacity.

The percentage of ferrous ion chelating ability was calculated using the following equation:

Iron chelating activity (Inhibition %) =

[(A.—As/A,)x100]

where A. was the absorbance of the control reaction and As the absorbance in the presence of the plant metha-
nolic extract

2.4. Statistical Analysis

Data were statistically analyzed according to [19].
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3. Results and Discussion

3.1. Effect of Salinity on (TPC) and (TFC) and Their Antioxidant Activities on Two Maize
Cultivars Spraying with Zn (II) HEDTA

Data presented in Table 1 and Table 2 showed the amounts of total phenolic content (TPC) and total flavonoids
content of two maize cultivars grown in 100 mmol NaCl or without NaCl) in response to Zn (I1) HEDTA foliar
spray. The concentration of these components in leaves of two cultivars showed a significant difference (P <
0.05) among all treatments. 100 mmol NaCl caused significant increase in accumulation of TPC and TFC. The
levels of those compounds being about (6.05.4.38 mg G/gdw) and (2.8 and 3.06 mg Q/gdw) for both cultivars
respectively, as high as that in leaves of plants grown without NaCl. Thus, NaCl increased concentration of low
molecular mass antioxidant compounds in both maize cultivars. The potential of phenolics to act as an antioxi-
dant is mainly due to their properties to act as hydrogen donators, reducing agents and quenchers of singlet O, [20].

Application of Zn (I11) HEDTA in maize plants grown in salinized nutrient solution led to accumulation of
high amounts of antioxidant compounds as compared to that in plants grown without NaCl. The highest levels of
TPC (6.05 and 4.30) mg G/gdw and TFC (2.80, 2.41) mgQ/gdw were observed in Single cross 10 (SC10) and
Single cross162 (SC162) respectively. Leaf phenolic contents are important protective components of plant cells.
Accumulation may have been due to the reason that the accumulation of phenolics depends on plant growth
stage and may act in vivo through different mechanisms in plant stress tolerance [21] [22].

It is well known that, the higher concentrations of phenolics in Single cross 10 (SC10) can be explained by the
accumulation of phenolic and flavonoids in stressed seedling of salt-tolerance Single cross 10 (SC10) than salt-
sensitive Single cross 162 (SC162) cultivar. Thus, flavonoids may have a protective role under stress conditions.
Exogenous application of Zn counteracted the harmful effects of salinity on non-enzymatic scavenging systems.
Application of Zn-Chelated increased the total phenols content in the leaves of two maize cultivars (Table 1 and
Table 2). This has an adaptive significance, as it lowers the generation of free radicals and thus reduces the
lipid peroxidation under salt stress. The reaction mechanisms by which the hydrogen atoms of phenol is transferred
to a radical can be in two distinct pathways hydrogen atoms transfer and proton-coupled electron transfer [23].

Table 1. Effect of spraying 20 umol chelated zinc (Zn-HEDTA) on total phenols and flavonoids in methanolic of single
cross 10 (SC10) cultivar in presence or absence of 100 mmol NaCl.

Single cross 10 (SC10)

Treatment TPC mg/g TFC mg/g
Control 2.83+0.04 1.52°+0.09
NaCl 4,62°+0.03 2.17°£0.11
Control + Zn-Ch 439" £0.05 211°£0.11
NaCl + Zn-Ch 6.05% £ 0.04 2.80°+0.12
LSD (0.05) 0.15 0.36

All values with the same letter are not significantly different at p > 0.05; All values are the mean of three replicates + SD.

Table 2. Effect of spraying 20 umol chelated zinc (Zn-HEDTA) on total phenols and flavonoids in methanolic of single
cross 162 (SC162) cultivar in presence or absence of 100 mmol NaCl.

Single cross 162 (SC162)

Treatment TPC mg/g TFC mg/g
Control 2.55°+0.05 1.28*+0.07
NaCl 7.03%£0.06 3.06°£0.15
Control + Zn-Ch 3.91°£0.08 1.85" +£0.14
NaCl + Zn-Ch 4.38°+0.06 241°£0.16
LSD (0.05) 0.19 0.39

All values with the same letter are not significantly different at p > 0.05; All values are the mean of three replicates + SD.
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Generally, this study showed that the levels of phenolic and flavonoids content in maize cultivars were com-
parable to previous findings in several varieties of wheat located in Asia and North America [8].

However, it is know that varieties, agronomic, the part of the sampled and environmental factors had signifi-
cant effect on the concentrations of antioxidant compounds in maize plant [24].

3.2. Effect of Salinity on Radical Scavenging Activity DPPH:- on Two Maize Cultivars
Spraying with Zn (II) HEDTA

Free radical scavenging ability of methanolic extracts of the two cultivars of maize salinized plants in response
to Zn (1) HEDTA foliar spray was measured with the change of absorbance caused by the reduction of DPPH
radical, and results of the values of ICsy are shown in (Figure 1). It was clear that the leaves methanolic extracts
showed significant scavenging activities with various degrees (ICs, values ranged from (24.2 to 105.5 pg/mL).
The highest scavenging activity (p < 0.5%) was found for both cultivars extracts grown with 100 mmol NaCl
combined with Zn (1) HEDTA foliar spray (97.82% and 91.58%) compared with that of synthetic antioxidant
BHT (65.59% and 68.59%).

3.3. Effect of Salinity on Fe2+-Chelating Activity on Two Maize Cultivars Spraying with
Zn (II) HEDTA

The methanolic extracts of two maize cultivars grown with NaCl combined with foliar spray of Zn (I1I) HEDTA
exhibited appreciable Iron-chelating activity. The highest Fe-chelating activity were observed for extracts of
Single cross 10 (SC10) stressed plants treated with Zn (1I) HEDTA foliar spray ranged from (43.73 to 54.64
pg/ml) (Table 3), followed by Single cross 162 (SC162) ranged from (40.39 to 58.66 pg/ml) (Table 4). This

@ Single cross 10 (SC10)
160
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120 - 97.82
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(b) Single cross 162 (SC162)
140 7 126.48
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120 1 101.72
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Figure 1. ICx, of leaves methanolic extract of Single cross 10 (SC10)
(a) and Single cross 162(SC162) (b) in presence or absence 100 mmol
NaCl spraying with 20 umol Zn HEDTA.
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Table 3. Effect of spraying 20 umol zinc HEDTA on iron chelating activity of leaves methanolic extracts of Single cross 10
(SC10) cultivar in presence or absence 100 mmol NaCl.

Inhibition %

Treatments 20 pg/ml 50 pg/ml 100 pg/ml 150 pg/ml 200 pg/ml
Control 4.72°+0.48 11.45°+0.18 23.38°+0.38 31.67%+0.36 42.73*+0.54
NaCl 7.37°+0.36 15.70°+0.24 26.71°+0.30 38.25°+0.30 51.64°+0.25
Control + Zn-Ch 6.30° +0.36 13.32"+0.36 24.34" + 0.30 34.48" +0.24 47.52" +0.30
NaCl + Zn-Ch 9.24°+0.30 18.519+0.42 29.42% +0.28 40.39" +0.48 54.46" + 0.24
EDTA standard 42.41°+0.30 63.50° + 0.43 75.51° +0.36 82.80°+ 0.42 91.56° + 0.24

LSD (0.05) 0.70 0.43 0.56 0.61 0.65

All values with the same letter are not significantly different at p > 0.05; All values are the mean of three replicates + SD.

Table 4. Effect of spraying 20 umol zinc HEDTA on iron chelating activity of leaves methanolic extracts of Single cross 162
(SC162) cultivar in presence or absence 100 mmol NaCl.

Inhibition %

Treatments 20 pg/ml 50 pg/ml 100 pg/ml 150 pg/ml 200 pg/ml
Control 3.37°+0.30 9.16°+0.36 19.74* £ 0.24 28.50° £ 0.48 40.39° £ 0.48
NaCl 8.56° + 0.24 17.48° £0.31 26.75° £ 0.36 39.79°£0.18 53.31° £ 0.48
Control + Zn-Ch 5.35° £0.31 11.49° £ 0.42 24.65° £ 0.30 33.57°+0.36 47.52° +0.30
NaCl + Zn-Ch 9.27" £ 0.54 20.49° £ 0.42 32.829+0.36 46.37°+0.24 58.66 + 0.36
EDTA standard 42.41° £ 0.30 63.50° £ 0.43 75.51° £ 0.36 82.80° £ 0.42 91.56° + 0.24

LSD (0.05) 0.68 0.77 0.54 0.60 0.71

All values with the same letter are not significantly different at p > 0.05; All values are the mean of three replicates + SD.

finding was in accordance with [8] who found that the alcoholic extracts of a wheat variety grown in different
locations (Canadian and Pakistanis), showed good antioxidant activity with various degrees.

3.4. Correlation

TPC and TFC exhibited a positive correlation with antioxidant scavenging properties (ICso) and Fe?*-chelating.
Correlation coefficient of TPC, and TFC as well as DPPH" scavenging assay and Fe chelating for both cultivars
(Figure 2 & Figure 3). For Single cross 10(SC10) total phenolics (TPC) are correlated with 1C50 (R® = 0.9452
(Figure 2(a)) and (TFC) are correlated with IC50 (R? = 0.9298) (Figure 2(b)). Positive correlation coefficient
between TPC, TPC and Fe chelating activity was observed (R? = 0.8671) (Figure 2(c)) and (R? = 0.8691)
(Figure 2(d)) of Single cross 10 (SC10) respectively. The antioxidant activity of phenolics is mainly due to their
redox properties, which allow them to act as reducing agents, hydrogen donors, and singlet oxygen quenchers
[20]. The correlation coefficient between ICs, and total phenolic content (TPC), total flavonoid content (TFC),
of Single cross 162 (SC162) is shown in (Figure 3). Results given in (Figure 3) showed that TPC are highly
correlated with 1C50 R? = 0.8914 (Figure 3(a)) and TFC R? = 0.9926 (Figure 3(b)). Correlation between Fe?*-
chelating activity at concentration 200 pg/ml and TPC had a very strong correlation coefficient R? = 0.9782
(Figure 3(c)), R? = 0.9785 with flavonoids content (Figure 3(d)). The results revealed that TPC, TFC strongly
contributed to the antioxidant scavenging activity of maize methanolic extracts. These findings further supported
the positive relationship between TP, TF and antioxidant activity of different plant species. It has been found
that strong positive relationship between TP and antioxidant activity that appears to be the trend in many plant
species [25] [26].

4. Conclusion

Based on the results obtained, it might be concluded that foliar application of Zn (I1) HEDTA improved the
physiological and biochemical performance of maize plants in terms of increasing antioxidant compounds.
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Figure 2. Correlation between ICsy and phenolics (a), flavonoids (b) and Iron chelating at (100 pg/ml) and phenolics (c) and
flavonoids (d) of Single cross 10 (SC10) spraying with 20 pmol zinc HEDTA in presence or absence of 100 mmol NaCl.
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Figure 3. Correlation between ICs, and phenolics (a), flavonoids (b) and iron chelating at (100 pg/ml) and phenolics (c), flavo-
noids (d) of Single cross 162 (SC162) cultivar spraying with 20 pmol zinc HEDTA in presence or absence of 100 mmol NaCl.
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