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Resumen
Quishuar es una especie forestal apreciada por sus usos. La explotación intensiva y la oferta insatisfecha de plantas
han sido limitantes para cumplir con programas de reforestación. La micropropagación es una técnica que ayudaría
a erradicar este problema ya que el propósito es producir mayor cantidad de plantas en menor tiempo. El objetivo
de esta investigación fue desarrollar protocolos para la desinfección, establecimiento y multiplicación in vitro, para el
efecto se realizaron ensayos partiendo de semillas y brotes de plantas. La primera fase se realizó con semillas, utilizando kilol y benomil, junto con NaOCl al 3 % (10 min). Los resultados indican que el porcentaje de germinación fue
de 100 % en MS (Murashige y Skoog medium) y el porcentaje de contaminación y oxidación de 0 %. Por otro lado, los
brotes sometidos a fungicidas con adición de antioxidantes y NaOCl al 1 % (10 min) no presentaron contaminación ni
oxidación. El porcentaje de brotación fue de 100 % en WPM (Woody Plant Medium). En la segunda fase en medio MS
sin adición de hormonas se observó una mayor longitud de brote (1.95 cm), número de nudos (1.94 nudos) e índice
de multiplicación (2.47). Basándose en los resultados, se sugiere que los protocolos son efectivos para la propagación
in vitro.
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Abstract
Quishuar is a forest species which is well known for its uses. Intensive farming and unsatisfied plant supply have
been limited to meet reforestation programs. Micropropagation is a technique that would help eradicate this problem
as the purpose is to produce more plants in less time. The objective of this research was to develop protocols for disinfection, establishment, and multiplication in vitro; for this reason, tests from seeds and plants sprouts were carried
out; the first phase with seeds, using kilol and benomil, together with NaOCl at 3 % (10 min). The results indicate that
the germination percentage was 100 % in MS (Murashige y Skoog medium) and the contamination, oxidation percentage was 0 %. On the other hand, plants sprouts exposed to fungicides, antioxidants and NaOCl at 1 % (10 min), did
not have contamination or oxidation. The sprouting percentage was 100 % in WPM (Woody Plant Medium). In the
second phase in MS medium without the addition of hormones, plant sprouts (1.95 cm), knots number (1.94 knots)
and multiplication rate (2.67) were observed. Based on the results, it is suggested that protocols are effective for in
vitro propagation.
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Introducion

tion of plants identical to the original is achieved
from any part of the plant, whether pieces of tissues, meristhematic apices or even isolated cells
(Reyes and y Hewstone, 1994).

Ecuador is considered a country with a forest vocation and yet this sector contributes little to the nation’s economy. There are about 7 million hectares
According to Vallejo (1988), the spread of this
of forests with a forest management potential lospecies
at the laboratory level presents some prower than 10 %, but which are economically eligible
blems
such
as the length of shoots 8.6 mm, low
to be subjected to sustainable forest management
percentage
of
number of knots per plant (1.5 knots),
(Sánchez, 2012).
but there are no reported data regarding pollution.
Forest genetic resources FGR are being lost at However, Cárdenas (2011), states that pollution is
an alarming rate due to indiscriminate use and lack the main limiting in the in vitro development of
of incentives for the preservation and its sustaina- this forest species, since the survival rate does not
ble use. The knowledge of FGR is still precarious exceed 54 %, mainly due to fungal and bacterial
and insufficient, studies and institutions carrying conditions.
out activities for their protection are scarce, and the
current availability of specific information on the
situation, trends and recovery of FGR is deficient
(Ministerio del Ambiente-MAE, 2005).

Due to the difficulties of conventional propagation and the results obtained in the laboratory
by Cárdenas (2011) and Vallejo (1988), it has been
proposed to establish a method for the disinfecThus, Quishuar (Buddleja incana) is a tree of the tion, establishment and multiplication of Quishuar
Scropulariaceae family with 15 m of height appro- through the application of in vitro, culture techniximately, with flowers grouped on small heads and ques, because it is essential to generate strategies
fruits of 5-6 mm of length. This tree is a forest spe- that allow the propagation and conservation of this
cies native to Ecuador, located in the provinces of species.
Chimborazo, Pichincha, Tungurahua, Azuay, Loja
The aim of this research was to develop a protoand Imbabura (Grijalva et al., 2012). Wood is used
col
for
the in vitro propagation of Quishuar (Buddleja
for the making of plows, rudders, hoe capes, poles,
incana).
stakes, crafts, house building and corrals. In addition, the infusion of leaves is used for medicinal
purposes such as antirheumatic, healing, antibacterial and antifungal, as well as to stimulate the 2 Methodology
proliferation of the endometrium and regenerator
of the skin; in mice it has been shown to inhibit cy- This study was conducted in the plant tissue culture
laboratory of the National Department of Biotechclooxygenase (COX2 ) (Gómez, 2006).
nology at INIAP (National Agricultural Research
Institute), Cutuglahua, Mejía parish, Pichincha ProThe propagation through the conventional metvince and in the Kichwa communities located in the
hods established for Quishuar has several promountain range.
blems; the multiplication in nursery requires 5
months, resulting in higher production costs and
less plant production per year (Gárate, 2010). The
3 Vegetal Material and Explant
amount of vegetal material available is insufficient
for afforestation, reforestation in degraded areas of
Preparation
wastelands and watersheds, and one of the strategies for overcoming conventional propagation dif- Seeds and buds (axillary and apical) of Quishuar
ficulties is in vitro cultivation of vegetable tissues plants in the Kichwa San Juan community, Chimbo(Delgado et al., 2008). In vitro culture is a techni- razo, were used. Prior to the research the plants weque of plant production under totally aseptic con- re moved to the greenhouse of the National Departditions; it is based on cell potency, i.e., the ability of ment of Biotechnology, fumigated every 8 days with
a plant cell to form a complete plant under certain an application of Carbendazim 1 ml l −1 and Skul Fe
conditions. Thus, the rapid and massive propaga- (Thiodicarb) 1 ml l −1 to prevent contamination, the
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plants were fertilized every 15 days with Stimufol
1 g l −1 and irrigation was performed twice a week
with 200 ml l −1 of drinking water per plant (Laboratorio de Cultivo de Tejidos (LCT-INIAP), 2014).

4

Propagation Phases in vitro

Disinfection and establishment phases. The collected seeds were placed in a container with a solution of water and detergent, then were rinsed
with running water until all residues were removed. Once washed, they were immersed in a 1 %
Povidone solution (Iodine-povidone) for 60 minutes, then were transferred to a Benomyl solution
(Benzimidazole) 0,10 g l −1 adding 30 drops of Kilol
(Citrus paradisi). The seeds were taken to a laminar
flow chamber, where 2 rinses with distilled water
were made and immediately were immersed in a
solution of Sodium Hypochlorite (NaOCl) 3 % for
10 minutes, subsequently 5 rinses were performed
with distilled sterile water. The seeds were sown
in the culture medium MS (Murashige and Skoog
medium) and WPM (Woody Medium Plant), incubated 18 ◦C for 30 days.
On the other hand, buds (axillary and apical)
were also washed with a solution of water with detergent and running water to remove all detergent
residues. Subsequently, these were disinfected in a
Povidone solution (Iodine−povidone) 1 % for 60
minutes, and then were transferred to a fungicide
solution (Phyton 0,5 ml l −1 + Carbendazim 0,5 ml
l −1 ), antioxidants (Ascorbic acid + Citric acid 0,1 g
l −1 ),30 drops of Kilol Citrus paradisi and activated
charcoal 0,5 g l −1 for 20 minutes. Buds were placed
in a laminar flow chamber with two solutions of
Sodium Hypochlorite (NaOCl), the first 0,5 % for
60 minutes and the second 1 % NaOCl with the addition of 3 drops of Tween 20 for 10 minutes, with
5 rinses of sterile distilled water. Buds were planted
in two MS and WPM culture media and incubated
at 21 ◦C for 30 days (Laboratorio de Cultivo de Tejidos (LCT-INIAP), 2014).

AG3 (Hernández et al., 1999). 10 observations were
made, with evaluations at 30 and 45 days.
Explants of 1-3 cm of length were cut from plants
obtained from shoots, then were transferred to culture media MS and WPM without the addition of
hormones and with the addition of 0.5 g l −1 and 0,1
g l −1 of BAP (Benzyl adenine) and gibberellic acid
AG3 (Hernández et al., 1999).
Incubation and photoperiod of vitroplants.
During the multiplication phase, 5 explants were placed per bottle, sealed with parafilm paper
to avoid contamination, kept in the growing room
with light intensity of 2000 luxe at a temperature
of 18 ◦C and 21 % humidity. Plants were evaluated
every 30 days.

5

Experimental Design and Statistical Analysis

A split plot design was used for the analysis, for
the first phase the plot design was (3×2) with six
treatments and a second phase with a plot design
(2×2×3) with 12 treatments. 10 observations were
used in each stage.
PFor the data, a variance analysis (ADEVA) and
mean separation were performed at 95 % de probabilidad. probability. To establish statistical differences between treatments, the Tukey Multiple Range
Test (p <0.05). was performed. The data that had
a√ value of 0 were transformed with the formula
x + 1, in order to decrease the variation coefficient
and adjust the data to the normal distribution (Vinueza, 2013).

6

Results and Discussion

6.1

Disinfection and Seed Setting Phase

In several researches conducted by the Statistics Division of the Nutrition Institute of Central America
Multiplication phase. Explants of 2-3 cm of and Panama (INCAP) it is stated that laboratory
length were cut from the plants obtained from studies using the following control measures: hoseeds, which were transferred to different culture mogeneous experimental material, external factor
media, MS and WPM without the addition of hor- control, the allocation of few experimental units to
mones and with the addition of 0,5 g l −1 and 0,1 treatments and the refinement of the techniques apg l −1 of BAP (Benzyl adenine) and gibberellic acid plied in the research, result in the continuation of
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Table 1. Variables evaluated in the disinfection stage and in vitro establishment of B. incana seeds.
Treatment

Protocol

Medium

Contamination
percentage

Oxidation
percentage

Germination
percentage

Bud length
(cm) 30 days

Budlength
(cm) 45 days

600

T1×10REP

Povidone solution 1 %
Fungicides (Phyton 1
ml l −1 + distilled water + Carbendazim 1 ml l −1
distilled water) + 60 NaOCl 1 % Tween 20 100 .

MS

0

0

100

1.22±0.03

1.37±0.05

T2×10REP

Povidone solution 1 % 600 Fungicides (Phyton 1
ml l −1 + distilled water + Carbendazim 1 ml l −1
distilled water) + 60 NaOCl 1 % Tween 20 100 .

WPM

20

0

100

1.22±0.03

1.44±0.05

T3×10REP

Povidone solution 1 % 600 + Kilol 30 drops l −1
+ distilled water 300 + Benomyl 1 g l −1 +
NaOCl 3 % 100 .

MS

0

0

100

1.33±0.03

1.47±0.05

T4×10REP

Povidone solution 1 % 600 + Kilol 30 drops l −1
+ distilled water 300 + Benomyl 1 g l −1 +
NaOCl 3 % 100 .

WPM

0

0

100

1.27±0.03

1.40±0.05

T5×10REP

Povidone soap 1 % 300 + Fungicides (Benomyl
1 g l −1 water + Phyton 0.5 ml l −1 distilled water) +
300 + NaOCl 1 % 80 .

MS

20

0

100

1.07±0.03

1.14±0.05

T6×10REP

Povidone soap 1 % 300 + Fungicides (Benomyl
1 g l −1 water + Phyton 0.5 ml l −1 distilled water) +
300 + NaOCl 1 % 80 .

WPM

10

0

100

1.15±0.03

1.35±0.05

the same experimental error or that it is feasible
to reduce the error factor and keep it under control. Research of the experimental error used as an
example of processes clearly indicates that the investigation of the error cannot be just a mere part of
a complete process, but it should be considered as
one more activity within the framework of general

techniques to be applied during any kind of investigation (Guzmán, 1975).

The variables evaluated at this stage were percentage of contamination, oxidation, germination
and bud length.

Contamination by fungi and/or bacteria was
observed in T2, T5 and T6 treatments with a percentage of 100 %. Treatments T1, T3 and T4 resulted
in explants without contamination within 30 days
of evaluation. The oxidation rate for treatments T1,
T2, T3, T4, T5 and T6 was 0 %.

The results obtained at this stage agree with those mentioned by the authors. In Billard et al. (2014),
NaOCl 1 % 100 100 was used in Oncidium bifolum
seeds reporting 0 % of contamination and oxidation; it further mentions that when using MS culture
medium, the germination rate was 100 %. However,
Treatments T1, T3 and T4 reported 100 % seed the bud length was smaller compared to the T3 and
germination at 30 days, and this percentage was T4 treatment, this may be due to González (2010),
maintained for up to 45 days. In T1 and T3 treat- in his study with Musa paradisiaca mentions that the
ments the MS culture medium was used as well as use of fungicides/bactericides (Phyton) at doses
the WPM culture medium for T4 treatment. For the higher than 0.5 ml l −1 could slow the growth of exvariable bud length, Tukey 5 % test was performed plants, this is because when the product is rapidly
to establish significance ranges, for T3 (MS) increa- absorbed by the leaves and roots, it causes plant
sed growth was observed with an average of 1.33 toxicity, reducing branching and causing plant de± 0.03 cm. . For T4 (WPM) a growth of 1,27 ± 0.03 terioration. These results would be corroborated by
cm and for T1 (MS) a growth of 1.22 ± 0.03 cm at 30 those obtained from T1 treatment.
days of evaluation. At 45 days, growth was evident
for T3 (MS) with an average of 1.47 ± 0.05 cm. For
On the other hand, Soto et al. (2010), used
T4 (WPM) a growth of 1.40 ± 0.05cm , and for T1 NaOCl 3 % 100 in Cedrela salvadorensis seeds, repor(MS) a growth of 1.37 ± 0.05 cm.
ting 0 % of contamination and oxidation; NaOCl is
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recommended as a surface disinfectant as its mechanism of action allows damage to the cell membrane of bacteria, causing the lysis of the microorganism. In addition, they mentioned that seed germination was 65 % for the WPM culture medium and

100 % for the MS culture medium. The MS culture
medium contains a high concentration of salts while the WPM culture medium contains reduction of
the total mineral salts. Bud length in T3 was longer
compared to T1 and T4 treatment.

Figure 1. A and B) Treatment T3. Plants in the MS culture medium at 30 days of evaluation.

7

Dissinfection and Settins of Buds

The variables evaluated in this phase were percentage of contamination, oxidation, sprouting, number of knots and bud height.
Contamination by fungi and/or bacteria was
observed in T1, T2, T3 and T4 treatments with a
percentage of 70, 50, 40 and 80 %,respectively. For
T5 and T6 treatments, the results showed explants
free of contamination at 30 days of evaluation. The
oxidation rate for T1, T2, T3, T4, and T6 treatments
was 0 %, while for T5 was 20 %. The percentage
of sprouting for treatments T5 (MS) and T6 (WPM)
was 80 and 100 %, respectively. Tukey 5 % test
was used for the variable number of knots and bud
height to differentiate significance ranges, obtaining
an average 1.61 ± 0.1 knots and one mean in bud
length for the MS culture medium of 1.45 ± 0.08 cm,
and 1.55 ± 0.08 cm. for the WPM culture medium.
Sodium hypochlorite was effective for disinfection
of buds during in vitro establishment of C. spinosa.
In this phase of in vitro different compounds can
be used for the disinfection of plant material, and
solutions of sodium hypochlorite and alcohol at dif-

ferent percentages are the most common products
(Azofeifa, 2009).
The results obtained in this phase are higher
compared to those mentioned by Cárdenas (2011),
who used buds of Quishuar from mother plants that
were two years old, and stated that the disinfection
process was with NaOCl 2,5 % for 10 min, obtaining
70 % survival. This research used 1-year-old buds
and the modified LCT-INIAP disinfection protocol,
obtaining 100 % survival. Oxidation in the T5 treatment may have been due to environmental factors
such as light intensity, cuts, senescence, heavy metals and lesions that can trigger oxidative stress (Luna et al., 2003). Parada (2009), mentions in his study
with Prunus persica that a large number of knots (34) were obtained when using the WPM culture medium and the length was 13.7 mm, this because the
high concentration of salts in the MS culture medium can cause a delay in sprouting and can be toxic to tissues, as is the case of Vaccinium corymbosum.
This species responded better in the WPM culture
medium as it contains reduction of the total amount
of mineral salts (Sedlak and Paprstein, 2009). The
best results were observed in T6 treatment (WPM).
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Table 2. Variables evaluated at the disinfection stage and in vitro establishment of B. incana buds
Treatment

Protocol

Medium

Contamination
Percentage

Oxidation
Percentage

Bud
Percentage

Percentage of
knots (30
days)

Bud length
(30 days)

T1×10REP

Povidone Solution 1 % 200 + Fungicides
(Benomyl 1 g l −1 + Phyton 1 ml l −1 +
Rinfapicina 0.5 ml l −1 ) 600 + Alcohol 70 % 10
+ NaOCl 2 % 150 .

MS

70

0

30

1.22±0.1

1.17±0.08

T2×10REP

Povidone Solution 1 % 200 + Fungicides
(Benomyl 1 g l −1 + Phyton 1 ml l −1 +
Rinfapicina 0.5 ml l −1 ) 600 + Alcohol 70 % 10
+ NaOCl 2 % 150 .

WPM

50

0

50

1.30±0.1

1.27±0.08

T3×10REP

Povidone Solution 1 % + Kilol 20 drops l −1 +
distilled water 300 + Benomyl 1 g l −1 900 +
Alcohol 70 % 3000 + NaOCl 1 % 150 +
Activated carbon (0,5 g l −1 ).

MS

40

0

60

1.41±0.1

1.33±0.08

T4×10REP

Povidone Solution 1 % + Kilol 20 drops l −1 +
distilled water 300 + Benomyl 1 g l −1 900 +
Alcohol 70 % 3000 + NaOCl 1 % 150 +
Activated carbon (0,5 g l −1 ).

WPM

80

0

20

1.11±0.1

1,11±0.08

T5×10REP

Povidone solution 1 % 600 + Activated
carbon 0.5 g l −1 + Fungicides (Phyton 0.5
ml l −1 + Carbendazim 0.5 ml l −1 ) + Kilol 30
drops/ 100 ml + Ascorbic acid 0.1g l −1 200
+ NaOCl 0.5 % 600 + NaOCl 1 % 100 + Tween
20

MS

0

20

80

1.55±0.1

1.45±0.08

T6×10REP

Povidone solution 1 % 600 + Activated
carbon 0.5 g l −1 + Fungicides (Phyton 0.5
ml l −1 + Carbendazim 0.5 ml l −1 ) +
Kilol 30
drops l −1 + Ascorbic acid 0.1g l −1 200 +
NaOCl 0.5 % 600 + NaOCl 1 % 100 + Tween
20

WPM

0

0

100

1.67±0.1

1.55±0.08

8

Multiplication Phase

The variables evaluated in this phase were bud
height, number of knots, multiplication rate and
root length. Plants obtained from the seed phase of the T3 treatment were used. The MS culture medium without the addition of BAP (6Bencilaminopurin) showed the best result, obtaining a bud height of 1.95 ± 0.05 cm and number
of knots 1.94 ± 0.04, followed by MS without addition of AG3 ((Gibberellic acid) with an average
of 1.78 ± 0.05 cm and number of knots of 1.79 ±
0.04 after 30 days of evaluation. These results are
higher than those mentioned by Cárdenas (2011),
in which the bud height obtained was 0.4 cm and
the number of knots 1.25, using MS without the
addition of hormones. In the study with C. espinosa, the concentration of BAP (6-Bencilaminopurin)
did not significantly influence the number of initial
explants regarding the control treatment. Howe-

80

ver, the addition of 0.25 and 0.50 mg l −1 significantly favored the number of buds obtained from
an initial explant. The lowest concentration of BAP
(6-Bencilaminopurin) 0.25 mg l −1 was selected as
the best treatment for this phase of the process, with
96.6 % sprouting and in 30 days of cultivation an established vigorous explant was achieved, with an
average of 2.07 buds of 6.71 cm long (Núñez et al.,
2017).
The multiplication rate is the arithmetic mean
of the number of buds generated at 30 days in each
treatment. It was 2.60 for the culture medium MS
without the addition of BAP (6-Bencilaminopurin),
and 2.38 for MS without the addition of AG3 (Gibberellic acid). The MS culture medium without the
addition of hormones guaranteed a multiplication
rate of 2.60.
García et al. (2018), mentions that culture medium
supplemented with hormones such as BAP (6-
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Bencilaminopurin) promoted proliferation of axillary buds, but also caused physiological effects
(abundant callus growth at the base of seedlings
being this negative) as evidenced in treatments with
the addition of BAP (6-Bencilaminopurin) at 0.1 g
l −1 . Different authors refer to the positive effect of
6-BAP and ANA (1-naftalenactic acid) for in vitro
multiplication of other tree legume species, such is
the case of Rahman et al. (1993), who during the
in vitro establishment of nodal segments of C. pulcherrima, reported a multiplication coefficient of 5.8
new buds/explant with a MS culture medium combined with 1.0 mg l −1 of BAP (6-Benaminocilpurin)
and + 1,0 mg l −1 of ANA (1-l-naftalen acetic acid).
Agramonte et al. (2001), when evaluating the effect of different doses of 6- BAP (0; 0.35; 0.50 and
1.0 mg l −1 ) on in vitro multiplication of Eucaliptus
grandis, observed a tendency to increase the values
of the variable number of buds per explant, and a
reduction in their length with increased concentration, thus demonstrating that relatively high doses
induce a high axillary tilling and reduce the size of
the bud, resulting in an affectation of the multiplication coefficient.

tifolium, mentions that the use of cultured medium
without the addition of BAP (6-Bencilaminopurin)
in the rooting phase developed longer roots, obtaining an average of 4.5 cm. The use of BAP (6Bencilaminopurin) caused symptoms of hypehydricity in plants.
In general, Murashige and Skoog (1962) suggested that the concentration management of mineral salts is widely recommended to stimulate rooting, the formation of buds, leaves and the length
of plants in vitro, while Piqueras (2000) observed
that the concentration of mineral salts can affect the
morphology of micropropagated plants through
changes in osmotic pressure, mainly affecting the
development of in vitro roots.

Jiménez et al. (2016) in their study with Dianthus caryophyllus, in assessing the effect of the concentration of inorganic salts of the culture medium
in relation to the length of the plant did not observe differences between treatments, except with the
witness, thus maybe it had the nutrients needed for
its growth. However, a reduction in the growth was
seen with the decrease in the concentration of mineral salts, being lower in the treatment where 25 %
The highest average of root length was for the was used. These results show that the decrease of
MS culture medium without the addition of hor- the mineral content in the culture media favored the
mones with an average 2.25 ± 0.11 cm. Saucedo growth retardation, due to alterations occurring in
et al. (2009), in the research with Xanthosoma sagit- the cellular metabolism.

Figure 2. A) Multiplication of vitroplants (MS) in a culture medium without any addition of hormones. B) Root length evaluation.
C) Callus formation at the base of plants in a culture medium (MS) with the addition of BAP (0,1 g l −1 ).
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