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Abstract

The induction of resistance (IR) in plants by natural products has been the subject of several studies,
these being activated by eliciting molecules of biotic or abiotic origin. Elicitors activate resistance
mechanisms such as pathogenesis-related proteins (PRP’s), which act to protect plants by
preventing pathogen development. The present study aims to verify the activation of PRP's
(peroxidase, catalase, polyphenoloxidase and -glucanase) in pyre corn plants (Zea mays) treated
with different concentrations (0%, 0.5%, 1%, 1.5%, 3% and 5%) of the commercial biofertilizer
Microgeo®. Analyzing the PRP’s enzymes, it was observed that the Microgeo® activated and
increased the activity of these enzymes and that this induction is more related to the activation time,
but not to the concentration used.
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Introduction

Corn cultivation is affected by pests and diseases, which are controlled through the
indiscriminate use of pesticides, an activity that causes contamination of the environment and
people, in addition to the selection of resistant races of pathogens (Ghini and Kimati, 2002;
Casela et al., 2006; Costa et al., 2012; Cota et al., 2013; Wordell-Filho et al., 2017). An
alternative for disease control in corn cultivation is resistance induction, widely studied in the
area of plant pathology (Roncatto and Pascholati, 1998; Silva et al., 2008; Krzyzaniak et al.,
2018, Lorenzetti et al., 2018).

Pascholati and Dalio (2018) report that resistance induction is the activation of the defense systems
of the plant, when they come into contact with the elicitors, through the perception and transduction
of biological signals at the cellular level. Angelova et al. (2006), describe elicitors as substances of
biotic origin, as viable organisms and components of their structures, or of an abiotic type such as
salicylic acid, phosphites, silicates, among others.

Biofertilizers that act as powerful elicitors due to the biotic and abiotic diversity of their final
composition that can activate defense reactions in the plant are also considered resistance
inducers (Barros et al., 2010). A characteristic of resistance inducers is that they do not act in
the same way as conventional agrochemicals, since they present low toxicity to the pathogen;
however, they have the ability to activate latent defense mechanisms in plants (Colares and
Bonaldo, 2014).

The use of inducers for the activation of resistance mechanisms in different crops is a sustainable
strategy with high potential in the control of diseases that can be adopted in corn cultivation. The
objective of this study is to verify the induction of proteins related to the pathogenesis, peroxidase,
catalase, B-1,3 glucanase and polyphenoloxidase, in plants of pyre maize (Zea mays) Everta genetic
group treated with different concentrations of the organic fertilizer Microgeo®.

Materials and methods

The experimental phase was carried out at the Laboratory of Alternative Control and Resistance
Induction of the Maringa State University in Parana, Brazil between the months of June 2017 to
June 2018.

Resistance inductor

To evaluate the induction of proteins related to pathogenesis in pyre maize, the biofertilizer
Microgeo® was used, which contains biodynamic preparations, recalcitrant substances, pentoses,
minerals and bran in its composition. Microgeo® is a product that has balanced components that
nourishes, regulates and maintains the continuous production of biological fertilizers; through the
continuous liquid composting process (CLC).
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In a greenhouse, in 3 L pots, in a substrate made up of two parts of sterilized soil, with one part
of sterilized sand (2:1), three seeds of pyre maize variety Para were sown, for a total of six
treatments and eight repetitions per treatment. At 10 days after germination, the pyre corn
plants were treated with Microgeo®. 100 ml of the different concentrations were prepared (0%;
0.5%; 1%; 1.5%; 3% and 5%) and with a single foliar application, eight plants were sprayed
per treatment.

Until drainage point, the treated plants remained in the greenhouse for a period of seven days.
Plants treated with distilled water were used as a control. Every 24, 48, 72, 96 and 120 hours after
the application of the Microgeo® in the different concentrations, a leaf was removed, washed in
distilled water and kept on ice and then weighed on a precision balance.

Preparation of the enzyme extract

The collected tissue was macerated in mortar with liquid N2 and homogenized in 50 mM phosphate
buffer and pH 7 + 0.1 mM EDTA. Subsequently, the homogenate was transferred to two
microcentrifuge tubes (2 ml) per sample, which were centrifuged for 30 min at 12 000 g/4 °C, the
obtained supernatant was transferred to previously labeled microcentrifuge tubes (2 ml) and stored
at -20 °C until the moment of quantification.

Enzymatic analysis

The enzymatic analyzes were performed in duplicate (2 microcentrifuge tubes with 2 ml of enzyme
extract). The enzymatic extract was used to evaluate the content of total proteins and of the enzymes
peroxidase, catalase, polyphenoloxidase and -1.3 glucanase.

Total proteins

For the determination of total proteins, the Bradford method (1976) was used, which measures the
interaction between the high molecular weight protein and the Coomassie Brilhant Blue -BG-250
dye. In 50 pl of enzyme extract, 2.5 ml of Bradford was added and vortexed. After 5 min, the
reading was made in a glass cuvette at 595 nm in a spectrophotometer.

50 ul of distilled water with 2.5 ml of Bradford was used as blank. The protein concentration of
each sample was expressed mg protein sample ml™, whose absorbance was extrapolated in the
protein standard curve (ASB) (Y= 0.845x -0.0227). Where: Y= is the absorbance at 595 nm and X
the protein concentration for each 0.5 mg mL™ of bovine serum albumin.

Guayacol peroxidase activity

Peroxidase activity was determined at 30 °C; through the direct spectrophotometric method, by
measuring the conservation of guaiac in tetraguayacol at 470 nm (Lusso and Pascholati, 1999).
The solution mixture consisted of 2.9 ml of enzyme substrate, 306 ul of hydrogen peroxide,
250 pl of 2% guaiacol and 87.5 ml of 0.01 M phosphate buffer (pH 6) and 100 pl of enzyme
extract.
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The reaction was followed in a spectrophotometer at 470 nm, for a period of 2 min. Activity was
determined by the variation that occurred between the extreme values located in the linear increase
interval and expressed in ABS min™t mg™* protein.

Catalan activity

Catalase activity was determined by the stable complex formed by ammonium molybdate with
hydrogen peroxide. A 100 pl aliquot of the enzyme extract was incubated in 0.5 ml of reaction
mixture containing 60 mM hydrogen peroxide in 60 mM potassium phosphate buffer (pH 7.4) at
38 °C for 4 min. After this period, 0.5 ml of 32.4 mM ammonium molybdate was added to stop
the reaction and stop the consumption of hydrogen peroxide by the enzyme in the extract.

A blank for each sample was also prepared, by adding ammonium molybdate to the reaction
mixture, regardless of the incubation period. The reading of the yellow complex formed by the
molybdate and hydrogen peroxide was quantified at 405 nm in a spectrophotometer.

The difference between the absorbance of the blank and the incubated sample determined the
amount of hydrogen peroxide used by the enzyme. The H20, concentration was determined
using the extinction coefficient €= 0.0655 mM cm™ and expressed in pmol mint mg? of
protein.

Polyphenoloxidase activity

Polyphenoloxidase activity was determined by the methodology of Dungmal and Apenten (1999),
to quantify the oxidation of the catechol converted to quinone, a reaction measured by the
polyphenoloxidase enzyme. The enzyme substrate consisted of a 20 mM concentration of catechol,
dissolved in 100 mM potassium phosphate buffer (pH 6.8).

The reaction was conducted at 30 °C, by the addition of 100 pl of enzyme extract in 900 ul of the
substrate, for subsequent reading in a 420 nm spectrophotometer, by the direct method, for 2 min.
Activity was determined by the variation occurred between the extreme values located in the linear
increase interval and expressed in unit min't mg* protein.

B-1,3 glucanase activity
The B-1.3 glucanase activity was determined by the colorimetric quantification of reducing sugars
released with laminarin (Vogelsang and Braz, 1993). For this, 150 ul of the enzyme extract and

150 pl of laminarin (1.5 mg mI?) in extraction buffer were added. As a control, the same reaction
was used, only that the laminarin was placed before incubation.
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Incubation for the reaction was maintained at 40 °C for 60 min in a water bath. After the
incubation period, a 30 ul aliquot was removed from the incubated tubes in addition of 1.5 ml of
PAHBAH (0.5 g of 4-Hydroxybenhydrazide diluted in 20 ml of 0.5 M HCI, and increased with
80 ml of 0.5 M NaOH), whose mixture was kept in a water bath at 100 °C for 5 min and then
cooled in an ice bath.

The reducing sugars formed were quantified by the Lever method (1972). The absorbance reading
was determined at 410 nm, in a spectrophotometer, discounting the absorbance values of the blank,
being that the amount of sugars was determined using the standard glucose curve (Y= 1.1512x +
0.205). Where: Y= is the absorbance at 410 nm and x= the concentration of reducing sugars
expressed in mg of glucose min™t mg™* of protein.

Statistical analysis

Each experimental unit was represented by a pot with three pyre corn plants. The assays for enzyme
analysis were conducted in duplicate, with a completely randomized outline with eight replications.
The assumptions of the homogeneity of the variances and the distribution of the dice were taken
care of, by the Levene and Shapiro Wilk tests, respectively.

The results obtained were subjected to analysis of variance (p< 0.05) by the F test and the means
of the treatments were analyzed by the Tukey test and subsequent regression analysis to evaluate
the different doses of the treatments. The statistical analysis program and planning of experiments
SISVAR 5.6 was used (Ferreira, 2014).

Results and discussion

Catalase

For the specific catalase activity, the regression was significant for the cubic model. Three times
more catalase enzyme activity (44.3 pmol min™t mg? protein) was observed in the first 24 h in the
concentration of 3.7% Microgeo® compared to the control treatment, which were the plants that
were treated only with distilled water (Figure 1A).

For the 48 hours, the maximum activity of the enzyme was observed in the 1.87% concentration
with 51 pmol min™ mg? protein, 2.5 times more than the control (Figure 1B). For the 72 h, the
maximum activity of the enzyme was observed in the 4.5% concentration with 63 pmol min?
mg! protein, value 3.3 times greater than the treatment with water (Figure 1C).

Sampling of leaves at 96 h, with a concentration of 3.9% Microgeo®, showed a higher catalase
activity of 56 umol min™ mg™ protein, a result 2.6 times higher than treatment with water (Figure
1D). In the 120 h schedule, 64 pmol min™ mg™ protein was observed in the 1.3% concentration, a
value 4 times higher than the treatment with water (Figure 1E).
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Figure 1. Specific catalase activity in pyre maize plants as a function of the splitting of the interaction
between the different concentrations of Microgeo® within the following leaf sampling times:

24 h (A); 48 h (B); 72 h (C); 96 h (D); and 120 h (E); CV= 3.45%.

In all the Microgeo® concentrations, except 0%, they induced the specific activity of catalase (Table
1). At 72 h after application of the 0.5, 1, 1.5% and 3% concentrations, there was the greatest
increase in enzyme activity, while at the 5% concentration an increase in activity occurred 120 h
after the application.

Table 1. Specific activity of catalase (umol min* mg? protein) in pyre corn plants as a function
of the doubling of the interaction between leaf sampling times within Microgeo®
concentrations.

Schedule (h)

Concentrations (%)

0 05 1 15 3 5

24 2203a  2759c  345lc 42.23d 4348c  46.19¢

48 2226a  2526c  4467c  4465cd  4519c  4594c¢

72 224 5845a  59.75a 61.24a 61.9a 62.13 b

96 2242a  4244b  4497a  4569bc  5751b 60.5b

120 2252a  4245b  43.82b 47.69 ¢ 61.05a 67.2a
CV (%) 3.45

Means followed by the same letter in the columns do not differ significantly from each other by the Tukey test (p<

0.05).
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Guaiac peroxidase

In the specific peroxidase activity, it was observed by the doubling of the concentrations within
the leaf sampling times, that the regression model was significant with cubic adjustment (Figure
2). At the 2.4% concentration of Microgeo®, 1.6 times more activity of the peroxidase enzyme
(23.24 ABS min mg™* protein) was observed when compared to the treatment with water, at
24 h (Figure 2A).
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Figure 2. Specific peroxidase activity in pyre corn plants as a function of the splitting of the interaction
between the different concentrations of Microgeo® within the following leaf sampling times:
24 h (A); 48 h (B); 72 h (C); 96h (D); and 120 h (E); CV=7%.

In the 48 hr schedule, the maximum peroxidase activity was observed in the 1.7% concentration
with 22.97 ABS min™t mg™ protein, 1.1 times greater than the treatment with water (Figure 2B). In
the 72 h schedule, the maximum enzymatic activity of peroxidase was observed in the
concentration of 1.7% with 47.68 ABS min* mg™ protein, value 1.6 times greater than treatment
with water (Figure 2C).

At the 3% concentration, an enzymatic activity of 34 ABS min* mg™? protein was observed, a
value 1.6 times greater than treatment with water (Figure 3D). At 120 h, 46.84 ABS mint mg*
protein was observed in the concentration of 2.4%, a value 2.8 times higher than the control
treatment.
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All Microgeo® concentrations, except 0%, induced specific peroxidase activity (Table 2). 72 h
after application in concentrations 0.5; one; 1.5 and 3%, there was the greatest increase in
enzyme activity and at 5% concentration there was an increase in activity 120 h after
application.

Table 2. Specific activity of peroxidase (ABS min*t mg* protein) in pyre corn plants as a function
of the doubling of the interaction between leaf sampling times within Microgeo®
concentrations.

Concentrations (%)

Schedule (h)

0 0.5 1 15 3 5
24 14.4.d 16.02 ¢ 21.6d 2265¢  22.75¢  23.02¢
48 19.92bc  22.35b  224cd  227bc  22.78c  23.43¢
72 29.42a 4458a  4455a  4498a  44.96a  42.71b
96 21.95b 2383b  2594c  33.14b  332b 39.41b
120 16.25 cd 236D 31.98b  4506a  49.21a  82.69a

CV (%) 7

Means followed by the same letter in the columns do not differ significantly from each other by the Tukey test (p<
0.05). Enzymatic activity, inducers, defense mechanism and induced resistance.

Polyphenoloxidase

The doubling of the concentrations within the leaf sampling times was significant for the cubic
regression model when analyzing polyphenoloxidase (Figure 3). At the 1.8% concentration of
Microgeo®, 1.3 times more activity of the enzyme polyphenoloxidase (3.4 unit min"t mg* protein)
was observed.

When compared to 24 h water treatment (Figure 3A). In the 48 hr schedule, the maximum activity
of polyphenoloxidase was observed in the 4.2% concentration with 3.6 unit mint mg? protein,
value 1.1 times greater than the treatment with water (Figure 3B).

In the 72 h schedule, the maximum enzymatic activity was observed at a concentration of
1.7% with 9.3 units mint mg*? protein, value 2.5 times higher than treatment with water
(Figure 3C). In the 3% concentration, an enzymatic activity of 4.2 unit min* mg™ protein was
observed, 1.2 times higher value than treatment with water (Figure 3D). In the 120 h schedule,
4.53 unit mint mg* protein was observed in the 5% concentration, 1.2 times greater than the
control treatment.

In all the Microgeo® concentrations, except 0%, they induced specific activity of
polyphenoloxidase (Table 3). In the 72 h after the application of the concentrations of 0.5%, 1%,
1.5% and 3%, there was the greatest increase in the activity of the enzyme, while at the
concentration of 5% there was an increase in the activity of 120 h after the application.
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Figure 3. Specific activity of polyphenoloxidase in pyre corn plants as a function of the splitting
of the interaction between the different concentrations of Microgeo® within the
following leaf sampling times: 24 h (A); 48 h (B); 72 h (C); 96 h (D); and 120 h (E); CV=

7%.

Table 3. Specific activity of polyphenoloxidase (unit min mg™ protein) in pyre corn plants as a
function of the doubling of the interaction between leaf sampling times within Microgeo®

concentrations.

Schedule (hours)

Concentrations (%)

0 05 1 15 3 5

24 252D 3.03¢C 314c  352b  322b  3.05¢

48 32lab  324bc  336bc  3.38b  355b  3.58¢

72 3.37 ab 8.36a 8.39a 8.4a 84a  807a

96 3564 4.07b 408b  427b  402b 454D

120 3.05a 3.2bc 358bc  422b  358b 453D
CV (%) 10.83

Means followed by the same letter in the columns do not differ significantly from each other by the Tukey test (p<

0.05).
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B 1.3-glucanase

The doubling of concentrations within leaf sampling times was significant for the cubic regression
model when analyzing B 1.3-glucanase (Figure 4). At the 1.8% concentration of Microgeo®, 1.3
times more activity of the enzyme glucanase (3.4 mg glucose min* mg? protein) was observed
when compared to the treatment with water at 24 h (Figure 4A).

At 48 h the maximum glucanase activity was observed in the 4.2% concentration with 3.6 mg
glucose min"t mg? protein, result 1.1 times greater than the treatment with water (Figure 4B). In
the 72 hour time, the maximum activity of this enzyme was observed in the concentration of
1.7% with 9.3 mg glucose min™® mg™ protein, value 2.5 times higher than treatment with water
(Figure 4C).
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Figure 4. Specific activity of p 1.3 glucanase in pyre corn plants as a function of the splitting of the
interaction between the different concentrations of Microgeo® within the following leaf
sampling times: 24 h (A); 48 h (B); 72 h (C); 96 h (D); and 120 h (E); CV=7%.

In the 3% concentration, an enzymatic activity of 4.2 mg glucose min* mg? protein was
observed, 1.2 times higher than that of water treatment (Figure 4D). At 120 h, 4.53 mg glucose
mint mg? protein was observed in the 5% concentration, 1.2 times higher than the control
treatment (Figure 4E).

974



Rev. Mex. Cienc. Agric. vol.11 num.5 June 30 - August 13, 2020

All the Microgeo® concentrations, except 0%, induced specific glucanase activity, with a peak of
activity 72 h after the application of the concentrations 0.5%, 1%, 1.5%, 3% and 5% and another
120 h after the application (Table 4).

Table 4. Specific activity of B 1.3-glucanase (mg glucose min' mg? protein) in pyre corn plants
as a function of the splitting of the interaction between leaf sampling times within
Microgeo® concentrations.

Concentrations (%)
Schedule (h)

0 05 1 15 3 5
24 10.11a 11.05 b 12.14 b 11.98 ¢ 11.83b 1159 b
48 1058 a 12.7b 13.97 b 13.02 bc 13.43 b 13.75b
72 10.22a 23.94a 23.97a 24.74a 23.11a 24.02a
96 10.06 a 1257 b 13.77D 155 b 13.38 Db 135b
120 10.8a 21.66a 22.49 a 22.42a 21.17a 24.48 a

CV (%) 7

Means followed by the same letter in the columns do not differ significantly from each other by the Tukey test (p<
0.05).

In general, it was observed that the increase in the activity of the enzymes catalase, peroxidase,
polyphenoloxidase and B-1.3-glucanase, started 24 h after the application of Microgeo®, mainly in
the doses of 1 and 1.5%, so that the more intense enzymatic activity was registered between 72 and
96 h after the application of the treatments. The catalase activity was observed 24 h after treating
the plants with the different concentrations of Microgeo®, with the highest activities recorded at 72
and 96 h at the 1% and 1.5% concentrations.

Similar results were found by Sytykiewicz (2015) confirming significant alterations in the catalase
gene transcription responses in different corn hybrids, when they were exposed to herbivores by
aphids or as Lanubile et al. (2012), who found that the ears of corn inoculated with Fusarium
verticilloides, protect themselves against oxidative stress and against the attack of the pathogen,
inducing greater enzymatic activity of catalase.

In the peroxidase enzyme activity, it was observed that its activity started 24 h after the plants were
treated, the highest activities being recorded between 48 and 72 h; however, peroxidase activity
was also observed in untreated plants. Similar results were obtained by Cadena-Gomez and
Nicholson (1987), who observed peroxidase activity 12 h after inoculation of corn plants with
Helminthosporium maydis or Colletotrichum graminicola, so that the highest records of activity of
this enzyme were observed 36 h.

After inoculation as they also reported peroxidase activity in non-inoculated plants.
Polyphenoloxidase activity started 24 h after application of the treatments, with the highest
enzyme activity being reached at 72 h at a concentration of 1.5%, similar results were found by
Cadena-Gdémez and Nicholson (1987).
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Those who found phenols in corn plants 12 h after being inoculated with Helminthosporium maydis
or Colletotrichum graminicola. As for the B-1.3 glucanase enzyme, its activity started 24 h after
the application of the treatments and the highest peak of activity was recorded at 120 h, with doses
of 1 and 1.5% of Microgeo®.

Conclusions

According to the results obtained in this research, it is concluded that the Microgeo® biofertilizer
presents positive results for the induction of enzymatic activity in pyre maize plants, since it
induces the activation of enzymes related to pathogenesis (catalase, peroxidase, polyphenoloxidase
and B-1.3 glucanase) so that the highest activity occurs 72 h after the application of Microgeo® and
in the concentration of 1%.
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