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ABSTRACT

QuitoMax® is a Cuban biostimulator of growth that could be used to reduce rooting and survival problems in
pepper. The aim of this work was to determine the effect of QuitoMax® on the acclimatization of pepper plantlets
(Capsicum annuum L.) cultivar YAMIL'. Plantlets from the in vitro multiplication stage, without roots, were used.
Plantlets were soaked in QuitoMax® (1-10 mg L) or AIA (2 mg L) and sprayed 15 days later with the same
concentrations; a control treatment was used in which plantlets were neither soaked nor sprayed. Planting was
carried out in polyethurane trays containing a substrate composed of organic matter (cachaca) and eutrophic
compacted Red Ferrallitic soil. A completely randomized design was used and the experiment was repeated three
times over time. Data were processed using a Simple Ranked Analysis of Variance (ANOVA) and the comparison
between means was performed according to Tukey's test (p>0.05). Treatments 2 [IAA (2 mg L™Y)], 3 [QuitoMax®
(1 mg L], 4 [QuitoMax® (5 mg L™1)] and 5 [QuitoMax® (10 mg L)] achieved survival ranging from 90-100 %.
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All treatments with QuitoMax® showed the most vigorous plants and those with the greatest height were those
with the lowest concentration of the product. The number and length of roots were similar in the treatments with
AIA (2 mg LY and QuitoMax (1 mg L?).
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INTRODUCTION

The pepper belongs to the genus Capsicum of the family Solanaceae, it includes an average of 29 species.
It has its center of origin in the tropical and subtropical regions of America. Its main limitation is altitude,
since it is rare to find it above 1,000 meters above sea level (m a.s.l.) .

It is the second most consumed horticultural product in the world after tomatoes @. It is successfully cultivated
in many countries @3, where the continent with the largest area of land dedicated to this crop is Asia, with
China, Turkey and Indonesia being the main producers ®.

It is also the second most important vegetable for Cuba, due to its great demand for both fresh consumption
and industrial use. In addition, it can be used as a medicinal plant and as a condiment. The area harvested and
in production in 2019 was 190 954 ha with an agricultural production of 2 673 245 t of food for an agricultural
yield of 13.15 t ha, of which 6 438 ha correspond to pepper cultivation with an agricultural production of 71
528 t, for an agricultural yield of 12.09 t ha* @,

"YAMIL' is an open-pollinated pepper cultivar, with a 130-day productivity cycle; it is recommended for the
winter season (September 15 to February 15) and reaches a 45-65 cm height. It flowers at 29 days after
transplanting (dat), achieves its massive flowering at 34 dat, reaches physiological maturity and becomes deep
red in its maturity for consumption; the mass ranges between 200-230 g and the yield is 30 t ha™. It has an
acidity (0.16 %), °Brix (4.5-4.6), pH of 5.5-5.6 and 170-175 mg 100 g™* of vitamin C content ©®.

As a result of the in vitro environment, plants present a different anatomy and physiology than those grown
under field or grow house conditions ©®. The disorders observed affect all plant organs, although not all have
the same weight on ex vitro behavior. Among these disorders are the poor development of the photosynthetic
apparatus, of the leaf cuticle, the emission of non-functional roots without connection with the conductive
bundles and others that can affect the survival of plants in the acclimatization phase ©.

The term acclimatization is defined as the environmental adaptation of plants obtained by tissue culture or in
vitro propagation that have been moved to a new environment, greenhouses or field. During acclimatization,
the environment of the plants is changed gradually over time, starting with the near in vitro environment and
ending with the near greenhouse or field environment. Acclimatization performed in the greenhouse or field
under shaded conditions is called "ex vitro acclimatization” 9,

However, all studies previously conducted for in vitro propagation of pepper reveal that the main drawbacks
for propagating this species are rooting and acclimatization of plants in the greenhouse V. Survival can reach

values of 70 % at 16 weeks in chili pepper plants previously propagated by cotyledon and hypocotyl culture.
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It is essential that the plants form a good root system, since their nutrition will depend to a large extent on the
functionality of their roots. This is why new biotechnological strategies must be established to increase the
efficiency of in vitro propagation protocols for pepper plantlets.

The introduction of active substances of national production in the methodology of in vitro regeneration of
pepper plants could constitute an alternative to improve rooting and ex vitro survival. QuitoMax® 2 is one
of these domestically produced active substances.

QuitoMax® is a biostimulator of growth obtained from chitin of marine origin ‘2. The application of chitosans
in culture media constitutes a favorable alternative for the in vitro propagation of plants, since they
significantly improve cauline and root development in plantlets in general and in the Catleya spp. orchid in
the short term @), They also develop antifungal activity in different crops 419,

Then, the aim of this work was to determine the QuitoMax® effect on the acclimatization of pepper plantlets
(Capsicum annuum L.) cultivar "YAMIL'".

MATERIALS AND METHODS

Plant material

Plantlets of pepper (Capsicum annuum L.), cultivar "YAMIL' from the in vitro multiplication phase (third
subculture), obtained in DM + 6-BAP (2 mg L) culture medium and without roots, all from the same
multiplication lot, were used.

The plantlets from the in vitro culture were planted in polyethurane trays of 70 alveoli, which had a capacity
of 115 cm?® and contained a substrate composed of organic matter (cachaca) and compacted eutrophic
Ferrallitic Red soil ®, in a proportion in volume of 75 and 25 %, respectively. This soil was not sterilized.
Plantlets were irrigated by misting in the first 10 days, to achieve a high relative humidity (90-95 %): they
were irrigated four times a day (8:30 am, 10:30 am, 1:30 pm and 3:30 pm), between 2-3 minutes each time.
A black mesh (70 % sunlight reduction) was used for shading. The chemical characteristics of the substrate
are shown in Table 1.

Table 1. Chemical characteristics of the substrate used for acclimatization of in vitro plantlets of pepper

(Capsicum annuum L.) cultivar "YAMIL'

Substrate pH o.M P K Ca Mg Na
H20 (%) (ppm) (cmol kg™

Cachaca: soil (75 %:25 %) 71 13,01 2700 4,92 289 8,39 0,46
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Roots of the plantlets were immersed for 15 minutes (1) and 15 days after planting, they were foliar sprayed
(A) with QuitoMax® at a rate of 2 mL per plantlet.

The treatments were as follows:

1.- Control (without I or A).

2.- I+A with IAA (2 mg L?)

3.- I+A with QuitoMax® (1 mg L™?)
4.- 1+A with QuitoMax® (5 mg L™?)
5.- I+A with QuitoMax® (10 mg L™?)

where:

I: immersion of plantlet roots for 15 minutes in QuitoMax®.

A: foliar spraying of plantlets with QuitoMax® 15 days after planting.

Evaluations were carried out at 7, 14, 21 and 28 days. The following variables were evaluated:

Survival percentage: total number of live plants with respect to the total number of plantlets transferred
to the acclimatization phase for each treatment.

Plant height (cm): measured with a graduated ruler from the base of the stem to the last extended leaf.
Number of roots per plant: the number of roots was counted and then the mean was calculated for each
treatment.

Root length per plant (cm): measured with a graduated ruler from the base of the stem where the roots are
inserted to the longest root.

Plant vigor: was determined according to the proposed scale @7, where: 1.- Not very vigorous,

2.- Vigorous and 3.- Very vigorous.

A completely randomized design was used with 20 plantlets per treatment and the experiment was repeated

three times over time. The data were processed by means of a Single Classification Analysis of Variance
(ANOVA) with the SPSS 11.5 program for Windows (SPSS, Inc., Chicago, IL) and the comparison between

means was carried out according to Tukey's test (p0.05). In all cases, normal distribution (Kolmogorov-

Smirnov) and homogeneity of variance (Bartlett) were previously checked 2.

Se empled un disefio completamente aleatorizado con 20 plantulas por tratamiento y el experimento se repitio

tres veces en el tiempo. Los datos se procesaron mediante un Analisis de Varianza de Clasificacion Simple

(ANOVA) con el programa SPSS 11,5 para Windows (SPSS, Inc., Chicago, IL) y la comparacion entre las

medias se realiz6 de acuerdo a la prueba de Tukey (p<0,05). En todos los casos, previamente se chequed la

distribucion normal (Kolmogorov-Smirnov) y la homogeneidad de varianza (Bartlett) 8),
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RESULTS AND DISCUSSION

The results related to the percentage survival of pepper plants (Capsicum annuum L.) cultivar "YAMIL' are
shown in Table 2. As can be seen in general, there were significant differences between treatments at 7; 14;
21 and 28 days. Plant survival was high in treatment 3 (1+A with QuitoMax® [1 mg L™]), with 100 % survival

and, in the same period of time, plants obtained with treatment 1 (Control) were those with the worst result.

Table 2. Percentage survival of pepper plants (Capsicum annuum L.) cultivar "YAMIL', at 7; 14; 21 and 28 days

during the acclimatization phase (n =60)

No. Treatments Plantlet survival Plantlet survival Plantlet survival Plantlet survival
after 7 days (%) after 14 days (%0) after 21 days (%0) after 28 days (%0)
1 Control (without | + A) 60,0 c 60,0 c 65,0c 70,0 c
2 I + A with IAA 85,0b 90,0 ab 90,0 ab 90,0 ab
(2mgL?)
3 I + A with QuitoMax® 100 a 100 a 100 a 100 a
(ImgL?)
4 I + A with QuitoMax® 90,0 ab 90,0 ab 90,0 ab 90,0 ab
(5mg L?)
5 I + A with QuitoMax® 80,0b 80,0b 85,0b 85,0b
(10 mg L)
S.Ex () 2,23*** 2,24%** 2,24%* 3,16*
S.D 14,18 12,69 10,59 9,18

I: immersion of roots for 15 minutes; A: foliar spraying of the plantlets 15 days after planting; n: total number of plantlets in the experiment in the three replicates

Means with different letters differ statistically according to Tukey's test (p0.05)

A similar survival between 85-95 % was obtained in four genotypes of Capsicum @9, Similar results were
reported by other authors in different species of the genus Capsicum %29,

Other authors obtained 70 % survival at 16 weeks in chili pepper (Capsicum annuum L.) plants previously
propagated by cotyledon and hypocotyl culture ).

When evaluating the influence of an oligogalacturonide on the acclimatization of banana (Musa spp.) clone
'FHIA-18' (AAAB) vitroplants, several authors observed 90 % plant survival with concentrations of 1 and 5
mg Lt @),

As can be seen, there were significant differences between treatments for the height and vigor of pepper plants
(Capsicum annuum L.) cultivar "YAMIL'. The best treatment was treatment 3 (1+A with QuitoMax® [1 mg L™]),
with a height of 3.99 cm, and the plants were very vigorous (reaching a value of 3); the lowest results were obtained

by the plants of treatment one (Control [without 1+A]), as shown in Figure 1.
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0
T1 T2 T3 T4 T5
¥ Plant height (cm) ® Plant vigor
T1.- Control (without I+A) T2.- I+A with IAA (2 mg L)

T3.- I+A with QuitoMax® (1 mg L) T4.- I+A with QuitoMax® (5 mg L)
T5.- I+A with QuitoMax® (10 mg L?)
I: immersion of roots for 15 minutes; A: foliar spray of plantlets 15 days after planting; n: total number of plants in the experiment in the three replicates
Means with different letters differ statistically according to Tukey's test (p0.05) (*** significant for p<0.001).

Figura 1. Height (S.Ex=0.03***; D.S5=0.64) and plant vigor (S.Ex=0.00***; S .D =0.80) of pepper (Capsicum
annuum L.) cultivar "YAMIL' during the acclimatization phase, at 28 days (n=60)

Similar results in Capsicum annum L. were observed by several authors, who reported that plants with
vigorous appearance during the acclimatization phase when they were kept in a growth chamber and 16 weeks
later transferred to soil, reached 6 cm in length @2,

Other authors observed different results in the height of chiltepin plantlets in the acclimatization phase with
the use of an oligogalacturonide at concentrations of 1, 5 and 10 mg L, where the height with the use of this
biostimulator was lower than in the control treatments and in the one supplemented with 6-BAP 7,

In addition, the QuitoMax® and chitosan effect at different concentrations on the growth, development and
yield of several crops of agricultural interest has been evaluated in field conditions and in cultivation houses,
and positive results were obtained, which demonstrates the stimulating characteristic of these products in the
growth and establishment of plants ¢4,

The results related to the number and length of roots per plant of pepper (Capsicum annuum L.) cultivar
"YAMIL' are shown in Figure 2. As can be seen, there were significant differences between treatments for the
two variables evaluated. Plants achieved the best results with treatments 2 (I+A with IAA [2 mg L)) and 3
(I+A with QuitoMax® [1 mg L), with 4.09 and 4.08 roots per plant and 4.12 and 4.28 cm root length,
respectively. The lowest results in general were obtained by plants of treatment 1 (Control [without I+A]).
Similar results were obtained in tomato (Solanum lycopersicum L.) variety 'Mara' under field conditions,
where the combined effect of the application by imbibition of seeds and foliar spraying of the bioproduct
QuitoMax® at different concentrations (0.1, 0.5 and 1.0 g L) showed favorable results in root length in all
the concentrations evaluated, so that the different doses of QuitoMax® exerted a positive effect on this growth

variable @4,
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In addition, when evaluating the Pectimorf® effect on chiltepin plantlets in the acclimatization phase, it was
observed that the highest number and length of roots was obtained with the treatment with 10 mg L™ of this
oligosaccharin 7).

T1 T2 T3 T4 T5

¥ Number of roots/plant ¥ Length of roots/plant (cm)

Treatments?

T1.- Control (without 1+A) T2.- I+A with IAA (2 mg LY
T3.- I+A with QuitoMax® (1 mg L) T4.- 1+A with QuitoMax® (5 mg L)
T5.- 1+A with QuitoMax® (10 mg L?)
I: immersion of roots for 15 minutes; A: foliar spray of plantlets 15 days after planting; n: total number of plants in the experiment in the three replicates

Means with different letters differ statistically according to Tukey's test (p0.05) (*** significant for p<0.001)
Figure 2. Number (S.Ex= 0.05***; S.D= 0.81) and length of roots (S.Ex= 0.06***; S.D= 0.92) per plant of pepper

(Capsicum annuum L.) cultivar "YAMIL' during the acclimatization phase at 28 days (n=60)

The response shown by the different growth variables could be explained by the QuitoMax® capacity to
stimulate plantlet growth, which also maintains a close relationship with the concentrations used, the
molecular size and the product application form to the crop, which includes the contact time with the organ
that perceives the application, in this case in the seed, stimulated the germination speed and accelerated
growth. It has been shown that chitosans stimulate protein levels in leaves as well as enzyme levels and basal
resistance of plants (12:25-30),

Based on the above results, for acclimatization of in vitro plantlets of pepper (Capsicum annuum L.) cultivar
"YAMIL', plantlet root immersion for 15 min and foliar spraying of plantlets 15 days after planting with
QuitoMax® (5 mg L) should be performed.

CONCLUSIONS

The QuitoMax® use enhances the survival, height and vigor of pepper (Capsicum annuum L.) plants

of the cultivar "Y AMIL' during the acclimatization phase.
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