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ABSTRACT

Two experiments were conducted to evaluate the QuitoMax® application effectiveness in early stages
of corn (Zea mays L.) crop development. The first experiment consisted of evaluating QuitoMax®
effect on the germination stage, for which germination was evaluated on petri dishes, sowing 10 corn
seeds of the Jibaro cultivar/plate. These were moistened with 1 mL of QuitoMax®/seed with different
concentrations (treated groups) or distilled water (control). The concentrations were: 0.05, 0.5
and 1 g L of QuitoMax®. The second experiment consisted of different forms of QuitoMax®
application, in early stages of corn crop, for which sowing was carried out in polyethylene bags, seeds
were embedded and the best QuitoMax® concentrations found in the previous trial were applied
foliarly. Germination, stem and root length, plant height and plant dry mass were evaluated. Result
analysis showed a better response of plants when they received the combination of seed imbibition
with QuitoMax® foliar spraying at a concentration of 1 g L™.
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INTRODUCTION

Corn (Zea mays L.) is a cereal of great preference and high consumption in the world, both as fresh
and processed product @, due to its nutritional properties, it is a food that contains many
carbohydrates and due to its extreme adaptability it has become the most produced food worldwide.
This crop extracts large amounts of nutrients from the soil, so it is necessary to apply adequate
fertilization to cover its nutritional requirements . Like other cereals, it is characterized as an
intensive crop with large and increasing applications of chemicals, which has been reported as a
worrying trend in Latin America ©.

Corn is currently grown in all provinces of the country and it is one of the priorities of the state's
agrarian policies; the productivity of these cultivars does not exceed 1.44-2.35 t ha'* on average
@ and one of the limitations of its production is the incidence of pests that frequently reduce
yields, despite the fact that plants resist their attacks ©.

The Cuban state is making efforts to increase the production of this crop, since yields continue
to be scarce, so it is necessary to increase its production and yield in all agricultural scenarios ©.
In spite of the efforts made by agriculture to increase yields in the crop, these present a national
average of 2.25 t hal, far from the world average, with values around 4.50 t ha* @,

At world level, and especially in Cuba, hard work is being done in the search for biostimulants
and organic biofertilizers that allow plants to overcome stress situations in adverse environmental
conditions, favoring growth, development and yield, with a decrease in the use of chemical
substances @,

However, it has recently been established that there are natural substances called biostimulants,
which when applied to seeds and plants, can act as accelerators of cell metabolism and positively
influence growth, development and protection against plant diseases, leading to a significant
increase in yield and fruit health ¢1%. Among the best known biostimulants is chitosan, derived
from chitin, an active ingredient of natural origin, biodegradable and environmentally friendly,
which is obtained from the Department of Plant Physiology and Biochemistry of the National
Institute of Agricultural Sciences (INCA).

Chitosan is a very abundant natural polymer extracted from the exoskeleton of crustaceans ).
In this regard, formulations such as QuitoMax®, derived from chitosan, have been successfully
used to stimulate yield and its components in beans and potatoes 21,

Taking into account the QuitoMax® potential on plant growth and development, our aim was to
evaluate the QuitoMax® application effectiveness in early stages of corn (Zea mays L.)

crop development.
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MATERIALS AND METHODS

QuitoMax® effect on the germination phase of corn seed.
The research was carried out at the Department of Plant Physiology and Biochemistry of INCA,
in a growth chamber. A completely randomized experimental design was used. The evaluation
of in vitro germination was carried out on 16 mm diameter Petri dishes, sowing 10 corn
seeds/plate of Jibaro cultivar and 4 plates/treatment (n=40). Treatments were applied at a rate of
1 mL/seed of QuitoMax® at different concentrations (treated groups) or distilled water

(control group), as a substrate on previously sterilized paper (Table 1).

Table 1. Description of treatments studied

Treatments Description
1 Control (distilled water)
2 QuitoMax®1gL*
3 QuitoMax®0,5¢g L™!
4 QuitoMax®0,05 g L*

The germination plates were maintained under controlled conditions of temperature (20.1-22.0 °C)
and relative humidity (50-64 %), conditions that were monitored daily using a thermohygrometer
(Fisher Scientific). Daily observation was also carried out to determine the emergence time of
radicles during a period of 15 days. The experiment was replicated twice over time.

The rest of measurements were taken 15 days after the test starting. After this time, germinated
seeds were counted to determine the relative germination percentage, root length (cm), stem
length (cm) and plant height (cm).

Effect of different forms of Quitomax® application in early stages of the corn crop
Corn seeds of Jibaro variety were used, whose seeds were supplied by INCA's Department of
Genetics and Plant Breeding, and the experiment was carried out under semi-controlled

conditions, with best results in the studies conducted on seed germination (Table 2).

Table 2. Description of the treatments studied

Treatments Description

Control (imbibition with distilled water)

Seed imbibition 1 hour (1 g L)

Imbibition of the seed 1 hour (0.5 g L)

Foliar spraying (1 g L) (dosage 10 ml x plant)
Foliar spraying (0.5 g L) (dose 10 ml x plant)
Imbibition of the seed and foliar spraying (1 g L)

~N O OB W N

Imbibition of the seed and foliar spray (0.5 g L-1)
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To carry out the experiments, polyethylene bags of 7 kg capacity were used with a soil classified
as agrogenic leached red Ferrallitic ¥, collected in areas of the National Institute of Agricultural
Sciences (INCA), ten bags were used for each treatment, five seeds were sown per bag and seven
days after the plants emerged, only one was left in each bag, with a completely randomized design
and irrigation was performed every two days. This experiment was repeated three times over
time (n=30).

Foliar sprays were made 15 and 30 days after plant emergence. At 15 days after the first foliar
spray, root length (cm) and plant height (cm) were measured on five plants per treatment; at 45

days after emergence, root length, plant height (cm) and dry mass (g) were determined.

RESULTS Y DISCUSION

Effect of QuitoMax® on the germination phase of corn seed

Efecto del QuitoMax® en la fase de germinacion de la semilla de maiz
Seed germination is an oxidative process, influenced by multiple factors. Figure 1 shows the
result of the germination percentage in corn seedlings of Jibaro cultivar, under controlled
conditions. It can be observed that in the first five days after germination (DAG), QuitoMax®
concentrations used (T2, T3 and T4) failed to stimulate germination above the control (T1),
as there were no significant differences between treatments, with the lowest value obtained in the

concentration of 0.05 g L (v:v) corresponding to treatment T4.
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Figure 1. QuitoMax® effect on the germination percentage of corn seeds
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However, after 6 DAG, the desired physiological effect of QuitoMax® on germination was
observed in treatments 2, 3 and 4, showing that the concentrations used were able to stimulate
this process, reaching values above those of the control. Another important finding was that as
the QuitoMax® concentration decreased, germination decreased; the best result was obtained in
the concentration of 1 g L™ corresponding to treatment 2.

In general, all the QuitoMax® treatments, including the 0.05 g L™ (T4), which had the lowest
number of germinated seeds, performed better than the control treatment, so it can be suggested
that the germination rate of these seeds was slower than in treatments where chitosan was applied.
Some authors have suggested that chitosan increases germination in some crops, since it
stimulates enzymes of secondary metabolism, such as chitinase, cellulase and B 1,3 glucanase
(15.18) " Additionally, treatment with chitosan was able to stimulate some events in the seed such
as: hydration of proteins, subcellular structural changes, respiration, synthesis of macromolecules
and cell elongation. All these processes allow the passage from a dehydrated embryo, in a resting
state, with a barely detectable metabolism to one with an active metabolism that culminates in
the growth of the embryonic axis.

The effect of QuitoMax® on the growth and development indicators of the corn studied are shown
in Figure 2. In general, it can be seen that the concentration of 1 g L™ achieved the greatest root
length, the greatest stem length and the greatest plant height, but this concentration did not differ
from the other treatments in which QuitoMax® was used, with the root length exception, but it
did differ from the control treatment (T1).
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Figure 2. QuitoMax® concentration effect on corn growth indicators and development up to the V2

stage of corn
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Some authors have observed the growth stimulating effect of chitosan on cereal seeds, just as
other researchers have observed an increase in stem size and diameter 78 This can be
explained by the fact that chitosan favors the production of enzymes related to plant growth and
development, such as cellulose, which promotes greater plant height 9.

It is necessary to emphasize that these results have a positive and practical impact in Cuban
agriculture, because sowing is usually done after soaking and incubating the seeds for successive
periods of 24 hours, although in Cuba, the soaking and resting time varies between 24 hours and
30 hours in summer and in winter up to 40 and 48 hours, respectively @, which would accelerate

this process with QuitoMax® use.

Effect of different application forms of QuitoMax® in early stages of the corn crop
When evaluating the effect of the different application forms of QuitoMax® on the root length of
corn plants (Figure 3), differences were recorded between all of them and the treatment in which

it was not applied (T1).
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Figure 3. Root length of corn plants treated with different application forms of QuitoMax®

It is noteworthy that in treatments where chitosan was applied, there were no significant
differences among them; however, with chitosan application in the imbibition of seeds combined
with foliar spraying (T6 and T7), superior root lengths were achieved compared to the
independent applications (T2, T3, T4 and T5) and the control (T1).

The results of stem length evaluation are shown in Figure 4. It was observed that the plants where
QuitoMax® was applied in different ways showed significantly superior results to those where

the product was not applied (T1).
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Figura 4. Stem length of corn plants treated with different application methods of QuitoMax®

When analyzing the effect of QuitoMax® on the height of corn plants (Figure 5), differences were
recorded between treatments where chitosan was applied and the treatment where it was not applied
(T1). It should be noted that among treatments in which chitosan was applied, best results, with
significant differences with the rest of the treatments, were when seed imbibition was combined

with foliar spraying, and within these when it was applied at a concentration of 1 g L (T6).
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Figure 5. Height of corn plants treated with different application methods of QuitoMax®
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The response shown by plants treated with QuitoMax® in their growth and development agrees
with that reported by other authors ?%, when studying chitosan application effect on young maize
(Zea mays L.) plants exposed to different types of stress. Similar responses in terms of growth
and yield increase with QuitoMax® application were found when evaluating foliar application
effect of this product on beans (Phaseolus vulgaris L.) 2,

Chitosan application effect on the dry mass of the root and aerial part of corn plants is shown in
Figure 6. The behavior of the root dry mass (Figure 6A) showed that there were no statistical
differences between means of the treatments where the product was applied and the control
treatment (T1); however, it was found that the highest dry mass of the roots was obtained in plants
to which seeds were embedded and then foliar sprayed with QuitoMax® at a dose of 1 g L™

In terms of root dry mass (Figure 6 B), the T6 treatment was the one that produced the most
significant recovery impact, exceeding by about three times that found with T1. These favorable
effects on plants where the different forms of chitosan application were used may be the result
of the greater growth achieved by plants, which may enhance the increase in the content of

essential elements 2,
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Figura 6. Root dry mass (A) and aerial part (B) of corn plants treated with different application

methods of QuitoMax®

CONCLUSION

The application of QuitoMax® was effective in increasing the growth indicators of corn plants,
being the combination of seed imbibition with foliar spraying at a concentration of 1 g L*
the one with which the most important results are obtained. This suggests that the combination

of the QuitoMax® application method is a recommendable option for corn cultivation.
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