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Abstract

The municipality of Nuevo Ideal is one of the most important regions for apple production in the
state of Durango, Mexico. There are scattered Malus domestica trees from extinct orchards that
were part of a production system and that today are abandoned without agronomic management,
but that have shown an efficient adaptability to the conditions and continue to produce good quality
fruit. The objective of this study was to develop an in vitro propagation protocol of M. domestica
using seeds of feral trees from this region. Germination and production of adventitious shoots were
evaluated using Murashige & Skoog (MS) medium and woody plant medium (WPM)
supplemented with phytohormones 6-Benzylaminopurine (BAP) and indole butyric acid (IBA) at
different doses. For rooting, indole acetic acid (IAA), naphthaleneacetic acid (NAA) and kinetin
(KIN) were also used in combination with the previous ones. Germination and shoot formation
obtained better results with the concentration of 0.5 mg L™ of BAP in MS medium at 60 days. In
the leaf development, the treatment with 1.5 mg L of BAP in MS medium stood out, with 21.07
leaves on average. The plants of all the treatments had roots, however, the best development was
shown by the treatment with 1.5 mg L of NAA and 0.15 mg L? of BAP in WPM medium.
Through the protocol generated in this research, it is possible to massively propagate the M.
domestica species for purposes of germplasm conservation and subsequent exploitation of the crop.
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Introduction

In the state of Durango there are 48 486 ha destined for perennial crops, of which 13.33% are used
to produce apples, which places this perennial crop in the third place of importance after green
alfalfa and walnut. In 2019, the apple harvested area obtained a total production of 21 020 t of
different cultivars, such as: Delicous, Starking, Doble red, Top red, Winter banana and Winter
pearmain, concentrated mainly in the municipalities of Canatlan, Nuevo Ideal and Santiago
Papasquiaro (FAO, 2014; SIAP, 2019).

The micropropagation of perennial and temporary crops has contributed to the development of
agronomic production in recent decades. Thanks to this technique, clones of outstanding varieties
can be generated in large quantities and with additional benefits (Hoyos et al., 2008). The in vitro
organogenesis technique is a process during which organs, buds, shoots and roots are produced
from plant tissues grown in an artificial medium of defined chemical composition and incubated
under controlled environmental conditions (Zhao et al., 2008; Levitus et al., 2010).

According to Dobranszki and Teixeira Da Silva (2010), cited by Teixeira da Silva et al. (2019),
the in vitro propagation of apple trees, as in other species, includes four stages; the first stage
consists of the in vitro establishment of cultures from living tissue of donor plants. At this stage,
it is important to consider the phytosanitary conditions of the donor plant, since it may contain
agents that cause contamination, coupled with the fact that the selection of the plant tissue to be
used must have an optimal physiological state due to the capacity of totipotency and
differentiation of tissues. Stage two refers to the regeneration or multiplication of adventitious
shoots. In woody species such as the genus Malus, tissue oxidation is common, exhibiting
blackening of cells, tissue and plant organs.

When cuts are made in the explant, oxidative stress is produced caused by the metabolism of
oxygen that produces free radicals known as reactive oxygen species (ROS) and these in turn can
be generated in other cellular organelles, such as peroxisomes and lysosomes, as a result of the cuts
made in the explants that cause oxidation in the area of the cut (Azofeifa, 2009). This stage is where
a large number of disease-free clones are generated in a short period of time, therefore, overcoming
this in vitro stage is of vital importance (Pancaningtyas, 2015).

Stage three consists of the rooting of the shoots, which determines the success and survival of the
plants due to the absorption of nutrients and the stability it provides to the specimens, and finally
stage four, which consists of acclimatizing the plants generated in vitro and their establishment in
an open environment ready to be planted in the field, a procedure that consists of subjecting the
plant from an aseptic environment to simulation of an endemic environment (Tandon et al., 2021).

The establishment of mass multiplication protocols for different species of fruit trees through
embryogenesis of mature zygotes from seed is an alternative where it is common to use growth
regulators (auxins/cytokinins) to promote vegetative development (Dobranszki and Teixeira
Da Silva, 2010). However, in vitro techniques are expensive as they require skilled labor, as
well as specific equipment and the high cost of plant material, so the effectiveness of any in
vitro propagation protocol should be optimized and improved whenever possible (Teixeira et
al., 2019).
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In the municipality of Nuevo Ideal, Durango, there are specimens of this species considered as
‘feral’ because they come from plant material selected from orchards that were productive for
several years and are now abandoned. The trees that still exist in a very dispersed way show an
adaptation to the conditions where they are located without receiving any type of agronomic
management such as fertilization, irrigation, pruning, among others, and they still have an
acceptable production of apple of good quality that sometimes even exceeds the quality of the
orchards currently in production.

Therefore, in order to preserve the genetic quality of this species, the present study was developed
with the aim of generating an efficient protocol as a strategy for the conservation and in vitro
propagation of Malus domestica using seeds from these trees from the region of Nuevo Ideal,
Durango, as initial material.

Materials and methods

This work was conducted in the Laboratory of Genetics and Plant Production of the Institute of
Silviculture and Wood Industry of the Juarez University of the State of Durango.

Plant material

The apple tree is commonly propagated by means of techniques such as rooting of cuttings, grafts,
among others; however, it was decided to implement the plant tissue culture technique due to the
remoteness of the donor trees and the difficulty of following up on any of the techniques mentioned.
With this technique, different sources of plant material can be used, such as buds, explants, among
others, however, in this research, it was decided to use of mature zygotic embryos from the seed.

The obtaining of plant material was made from the selection of apple (Malus domestica) fruits with
desired phenotypic characteristics, visibly healthy and without pests, collected from feral trees from
the municipality of Nuevo Ideal, Durango, during the harvest time of 2015. The seeds were
extracted in the laboratory and kept in refrigeration at a temperature of 4 °C in hermetically sealed
sterile bottles. For its establishment in culture medium, the seed was previously disinfected with
70% ethanol, 20% sodium hypochlorite and sterile distilled water. The experiment was developed
in two phases: a) germination and production of shoots; and b) rooting.

Germination and production of shoots

A cut was made on the longitudinal part of the testa of the seed, to immediately remove the tegmen
and leave the embryo and cotyledons exposed in direct contact with the culture medium. Fourteen
treatments composed of 25 repetitions each were proposed to evaluate germination and the
production of adventitious shoots, for which Murashige and Skoog (1962) (MS) medium and
woody plant medium (WPM) (Mc Cown and Lloyd, 1981) were used, complemented with growth
regulators such as 6-Benzylaminopurine (BAP) as cytokinin and indole butyric acid (IBA) as auxin
at different doses. Two control treatments were considered, one of each culture medium without
the addition of growth regulators (T1 and T8) (Table 1). Twenty-five grams of sucrose per liter and
5.5 g L of gelling agent (agar) were added to the culture medium, adjusting the pH to 5.7 before
being sterilized in autoclave for 20 min at 115 °C and 1.5 kg cm.
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Table 1. Treatments evaluated in the in vitro germination and production of shoots of Malus

domestica.

Treatment Culture medium BAP (mg L ™) WAS (mg L)
T1 MS - -
T2 MS 0.5 -
T3 MS 15 -
T4 MS - 0.5
T5 MS - 15
T6 MS 0.5 0.5
T7 MS 15 15
T8 WPM - -
T9 WPM 0.5 -
T10 WPM 15 -
T11 WPM - 0.5
T12 WPM - 15
T13 WPM 0.5 0.5
T14 WPM 15 15

The establishment was performed under aseptic conditions using a laminar flow chamber and
sterile instruments. The embryos were placed in glass bottles with 25 ml of culture medium
corresponding to the treatments. Subsequently, they were transferred to the culture chamber in dark
conditions during the first seven days, starting on day eight, they underwent a photoperiod of 16 h
light and eight h of darkness at a constant temperature of 25 £2 °C. The variables evaluated at this
stage were: percentage of germination, number of shoots, seedling height (mm), leaf development
(number of leaves) and stem diameter (mm) by morphological analysis applying the technique of
image analysis described by Gonzaélez et al. (2005).

Rooting

At 60 days, the shoots produced in the previous stage were brought to the rooting phase. They were
established in culture medium MS and WPM reduced to 50% of their nutrients as described by
Guadie (2011), added with different doses of growth regulators based on auxins and cytokinins,
such as: naphthaleneacetic acid (NAA), indole acetic acid (IAA) and indole butyric acid (IBA),
with or without combination with cytokinins: 6-benzylaminopurine (BAP) and kinetin (KIN). Two
control treatments were considered, one of each culture medium without the addition of growth
regulators (T1 and T8) (Table 2). The variables evaluated were: rooting percentage and root length
(mm) by morphological analysis 30 days after the start of this phase.
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Table 2. Treatments evaluated for in vitro rooting of Malus domestica.

NAA BAP IAA IBA KIN
(mg L™ (mg L™ (mg L™ (mg L™ (mg L™

Treatment Culture medium

T1 MS - - - - -
T2 MS 0.5 0.05 - - -
T3 MS 1.5 0.15 - - -
T4 MS - - - 0.5 0.05
T5 MS - - - 1.5 0.15
T6 MS - - 0.5 - 0.05
T7 MS - 0.15 1.5 - -
T8 WPM - - - - -
T9 WPM 0.5 0.05 - - -
T10 WPM 1.5 0.15 - - -
T11 WPM - - - 0.5 0.05
T12 WPM - - - 1.5 0.15
T13 WPM - - 0.5 - 0.05
T14 WPM - 0.15 1.5 - -

Statistical analysis

A completely randomized experimental design with 14 treatments and 25 replicates each was
used, the results were evaluated using the Kruskall-Wallis statistical analysis. The data
obtained were subjected to the analysis of variance with the Wilcoxon test, with the statistical
package R version 3.2.2.

Results and discussion
Germination and formation of shoots

The average germination obtained in the treatments was 32.3% 60 days after the in vitro
establishment of the seed. Nevertheless, the highest percentage of germinated seeds (56%) was
obtained with the treatment composed of MS culture medium supplemented with 0.5 mg L of
BAP (T2), which is consistent with the research developed by Rustaei et al. (2009), who worked
with Malus domestica. Because wild donor plants were used in this research, which lacked rigorous
health conditions, the disinfection protocol was not as effective in some treatments because there
was an average of 31.7% contamination by unidentified fungi and bacteria. This coincides with
what is established by Da Céamara et al. (1991); Keresa et al. (2012), who argue that the
establishment of plant material depends largely on the phytosanitary care of seed donor plants
(Figure 1).
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Figure 1. Percentage of germination, contamination and unresponsive seed of M. domestica 60 days
after the establishment in culture medium.

The situation observed in this experiment coincides with what was argued by Soni et al. (2011),
who point out that it is less likely to find contaminated explants collected in summer, while explants
collected in spring, autumn and winter show a higher percentage of contamination, which ranges
from 12 to 54%. Therefore, it is important to implement preventive disinfection treatments of the
donor plant, because despite the abundant existence of asepsis protocols, there are microorganisms
of difficult control that can get to lodge in the internal parts of the fruit and vascular bundles due
to the presence of endogenous contaminants acquired by the plant in its natural environment, which
explains the incidence of contaminants in this experiment.

The results indicated good shoot induction; however, variation in their number according to the
type and dose of the growth regulator applied was detected. The dose of 1.5 mg L™ of BAP (T3
and T10) had the highest number of shoots per explant (36 shoots each, respectively) (Figure 2 y
3) regardless of the culture medium in which it was established.

Figure 2. In vitro production of adventitious shoots of M. domestica in two culture media 60 days
after establishment: A) T3 (MS with 1.5 mg L of BAP); B) T10 (WPM with 1.5 mg L
of BAP).
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Figure 3. Number of shoots per plant of M. domestica produced in vitro in two culture media and
different doses of growth regulators.

uMS
= WPM

Number of shoots per plant

Although the response was the same in both media with the indicated dose, it was observed that
the culture medium significantly influenced vegetative development, since, in the variables of
plant height, stem diameter and number of leaves, the MS culture medium exhibited the best
results (Figures 4, 5 and 6). Some authors have proposed different doses of growth regulators in
the culture media evaluated here (Vilchez et al., 2014; Montes-Salazar et al., 2016), where it is
argued that the WPM culture medium is used for woody species (Mc Cown and Lloyd, 1981).
However, the MS culture medium is considered a broad-spectrum basal medium that can be used
in different types of plants with favorable results. Unlike other studies on in vitro propagation in
species, in this work, the WPM culture medium was surpassed by the MS culture medium in
most of the variables evaluated.

Hoyos et al. (2008) reported that this hormone stimulates the development of lateral shoots, cell
multiplication in apical meristems and leaf expansion. Likewise, they argue that, since it does not
have roots, the explant does not have the ability to synthesize BAP, therefore, its addition in the
multiplication stage is fundamental.

For their part, Dalal et al. (2006) argue similar results in the multiplication of apple rootstocks
(M9), where they observed a notable increase in the formation of multiple shoots by axillary
branching in MS medium supplemented with BAP 2.22 uM, IBA 0.49 uM and Kn of 2.32 uM,
reaching a 4:1 multiplication rate. This behavior is due to the presence of cytokinin BAP, which
has a direct effect on the generation of shoots.

Likewise, Murashige (1974); Chaturvedi et al. (2004), emphasize that the BAP hormone
establishes a particular superiority in the induction of axillary shoots in the case of woody species.
For their part, Kepenek and Karoglu (2011) increased the multiplication rate in the M9 rootstock
and the varieties ‘Starking Delicious’ and ‘Amasya’ when they applied growth retardants
(paclobutrazol and daminozide), but these atrophied causing a null effect on root development.

Plant height
The results of the analysis of variance indicate that the values of plant height and number of leaves

obtained at 60 days showed no significant differences (p> 0.05) between the culture media MS and
WPM. The only variable that showed significance was stem diameter (Table 3).
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Table 3. Analysis of variance with the Wilcoxon test in height, stem diameter and number of
leaves of M. domestica.

) MS WPM
Variable - - P-value
Median Rank Median Rank
Height of seedlings (mm) 16.954 107.785 16.436 103.214 0.563
Stem diameter (mm) 1.771 116.066 1.097 94.933 0.0076"
No. of leaves 8.561 105.342 9.009 105.657 0.967

Although the analysis did not show significant differences between culture media, it was observed
that plants of different sizes were produced, with the plants with the MS medium showing greater
height, with T3 (1.5 mg L™ of BAP), which obtained an average of 27.59 mm, and T4 (0.5 mg L™
of IBA) with 27.36 mm (Figure 4) standing out.

30 + B MS

uWPM

25 A

il

T1T8 T2T9 T3T10 T4T11 T5T12 T6T13 T7T14
Treatments

Plant height (mm)

Figure 4. Plant height 60 days after in vitro establishment of M. domestica in two culture media added
with different doses of growth regulators.

Leaf development

The statistical analysis did not report significant differences (p> 0.05) between treatments with
respect to this variable according to the Kruskall-Wallis test for nonparametric data. However, it
was observed that T3 (MS with 1.5 mg L™ of BAP) stood out with the best response of leave
generation, producing 21.07 leaves on average (Figure 5). A good leaf development increases the
possibility of better capturing sunlight, which makes the physiological process of carbohydrate
production through photosynthesis more efficient, which will allow their adaptation to the open
environment in their acclimatization stage in less time than plants that produce a small number of
leaves (Valladares and Niinemets, 2008).
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Figure 5. Number of leaves per plant of M. domestica in two culture media added with different doses
of growth regulators.

Stem diameter

The stem diameter values of the plants obtained at 60 days behaved statistically significantly (p>
0.05) between the culture media MS and WPM (Table 4). T2 (MS with 0.5 mg L™ of BAP)
surpassed the other treatments in this variable, with a mean of 2.5 mm, showing heterogeneity in
stem diameter (Figure 6).
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Figure 6. Stem diameter of M. domestica 60 days after in vitro establishment in two culture media with
different doses of growth regulators.

Rooting and root length

At this stage, 100% root generation was achieved in all the treatments evaluated. To assess their
response, auxin was combined in greater proportion to the dose of cytokinins (10:1) (Table 2). The
effect of the treatments with WPM culture medium stood out from the treatments with MS culture
medium at the time of inducing rooting, with the dose of 1.5 mg L™ of IBA and 0.15 mg L of
KIN (T12) being the one that produced more roots, followed by T11, whose dose was 0.5 mg L
and 0.05 mg L of IBA and KIN, respectively, in the same culture medium (Figure 7). Reducing
the nutrient concentration of the MS and WPM media to 50% was fundamental in this
morphological response for the species (Hartmann et al., 2004; Dalal et al., 2006; Gaudie, 2011).

611



Rev. Mex. Cienc. Agric. vol. 13 num.4 May 16 - June 29, 2022

Number of roots per plant
(0]
o

140 A aMS
120 - = WPM
100 A
60
|
20 A
0 4 : .. : .. : : : ] | : .

T1T8 T2T9 T3T10 T4Ti1 T5T12 T6T13 T7Ti4

Treatments

Figure 7. Number of roots per plant of M. domestica produced in vitro with two culture media and
different doses of growth regulators.

It is well known that the presence of auxins is necessary for root formation; however, its presence
in the culture medium for a long time can inhibit the development of adventitious roots (Dobranszki
and Teixeira Da Silva, 2010), a situation that is assumed to have affected the other treatments
depending on the type and dose of the growth regulator.

According to the Wilcoxon test, three relevant results can be differentiated from the 14 treatments
evaluated, T10 (WPM with 1.5 mg L of NAA and 0.15 mg L™ of BAP) showed an average root
elongation of 90.47 mm (Figure 8). Likewise, this test showed that T13 (WPM with 0.5 mg L of
IAA and 0.05 mg L of KIN) and T12 (WPM with 1.5 mg L of IBA and 0.15 mg L™ of KIN)
showed an average length of 68.35 and 63.93 mm, respectively.

100
90 A = MS
80 - =WPM

70

60 -

50 H

40 A

30 A

20 A

1

0N i i i i i

T1T8 T2T9 T3T10 T4Ti1 T5T12 T6T13 T7T14

Root lenght (mm)

Treatment

Figure 8. Root length of M. domestica plants produced in vitro in two culture media and different
doses of growth regulators.

Malus domestica responded heterogeneously to the doses of hormones (auxins) administered
(NAA, IBA, IAA), the culture medium supplemented with NAA auxins showed higher levels in
root generation than those registered by the treatments with IBA and IAA. This result confirms
what was reported by Soni et al. (2011), who argue that low concentrations of NAA induce root
formation in greater quantity and better development than when explants are exposed to IBA and
IAA regulators. According to Druart (1997), the presence of auxins is essential to promote rooting,
but in combination with cytokinins, it can enhance root elongation.
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In contrast to the above, reports on ‘Topaz’ apple rootstocks reported by Keresa et al. (2012)
recorded that the IBA hormone stimulated high root density. On the other hand, Modgil and Thakur
(2017) and Modgil et al. (2017), state that a rooting greater than 80% can be obtained when using
IBA than when using NAA, where this percentage is lower.

Likewise, Amiri and Elahinia (2011) point out that the presence of IBA in the culture medium is
essential to root rootstocks of some species of Malus; however, this is only possible when the
cytokinin level is decreased and the auxin level is increased. However, in this experiment, T13
showed less length than T10 and T12, however, a denser root was observed (Figure 9), which
favors the absorption of nutrients in the stage of establishment in substrate for acclimatization. In
contrast to the above, Mehta et al. (2014) state that between 92 and 98% rooting of MM106 and
B9 rootstocks can be obtained in culture medium without the use of growth regulators.

Figure 9. Rooting response of M. domestica plants in WPM culture medium. A) T10 (1.5 mg L* of
NAA and 0.15 mg L of BAP); B) T12 (1.5 mg L of IBA and 0.15 mg L* of KIN); C) T13
(0.5 mg L of IAA and 0.05 mg L* of KIN).

Conclusions

Growth regulators and the type of culture medium for in vitro propagation of Malus domestica play
an important role in the formation of plant organs. The BAP regulator in MS culture medium
showed better results in germination, shoot production and development of the aerial part of the
plant. At the rooting stage, the use of the WPM medium in combination with 1.5 mg L of IBA
and 0.15 mg L of KIN had a more favorable effect for root formation; nevertheless, the
combination of 1.5 mg L™t of NAA and 0.15 mg L™* of BAP in this same culture medium stimulated
root growth significantly than the rest of the treatments. To ensure the success of in vitro
propagation of M. domestica, it is necessary to consider the changes of culture media alternately
with the doses of growth regulators recommended here.

In this experiment, it was observed that the alternation of growth regulators and culture media
between the different stages of the in vitro propagation process of M. domestica can be favorable
than if a single culture medium and the same doses of regulators are used at all stages. This protocol
can be taken as an alternative for conservation and massive propagation of the species, producing
plant material that can be used as a rootstock given the adaptability of the plants from which the
material was collected.
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