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Abstract

This research aimed to find the optimal conditions for the in vitro propagation of Alternanthera
porrigens. For disinfection tests and determination of the percentage of viability of the explants, 70%
ethanol was used with different concentrations of NaClO (1.0%, 1.5% and 2%) at different exposure
times, obtaining the lowest percentage of contamination using 70% ethanol and NaClIO 2.0% for 2 and 7
minutes, respectively.

Subsequently, in vitro propagation assays were performed in Murashige and Skoog (MS) culture media
supplemented with growth regulators 6-benzylaminopurine (BAP) and 3-indol-acetic acid (AIA) to
evaluate the effects on stem elongation, shoot generation (axillary buds) under light conditions for 20
days at 20 + 3°C.

Concentrations of 0, 0.1, 0.5 mg/1 AIA and 0, 0.5 and 1 mg/l BAP were used where the treatment with
0.5mg/1 AIA and 1 mg/l BAP was the phytohormone combination that presented optimal results for
propagation. Therefore, this work can be presented as a reproducible protocol for in vitro propagation of
Alternanthera porrigens.
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Resumen

El objetivo del presente trabajo de investigacion fue de encontrar las condiciones dptimas para la
propagacion in vitro de Alternanthera porrigens. Para las pruebas de desinfeccién y determinacién del
porcentaje de viabilidad de los explantes se utilizé etanol 70% con diferentes concentraciones de NaClO
(1,0%, 1,5% y 2%) a distintos tiempos de exposicién, obteniendo el menor porcentaje de contaminaciéon
utilizando etanol 70% y NaClO 2,0 % durante de 2 y 7 minutos respectivamente. Posteriormente, se
realizaron ensayos de propagacion in vitro en medios de cultivo Murashige y Skoog (MS) suplementado
con reguladores de crecimiento 6-bencilaminopurina (BAP) y acido 3-indol-acético (AIA) con el objetivo
de evaluar los efectos en la elongacién del tallo, generacion de brotes (yemas axilares) bajo condiciones
de luz durante 20 dias a 20 + 3°C. Se utilizaron concentraciones de 0, 0.1, 0.5 mg/1de AIAy 0, 0.5y 1 mg/1
de BAP donde el tratamiento con 0.5mg/1 AIA y 1 mg/l BAP fue la combinacién de fitohormonas que
presentd resultados 6ptimos para la propagacidon. Por lo tanto, este trabajo puede presentarse como un
protocolo reproducible para la propagacion in vitro de Alternanthera porrigens.
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Introduction

The Amaranthaceae family includes many
species that are used in traditional folk medicine
for the treatment of numerous diseases that
cause infections, inflammation and fever
(Salvador & Dias 2004) (Cai et al, 2003)
(Gorinstein et al. 1991). The Amaranthaceae
family has been recognized in Peru with 13
genera and 72 species (Brako & Zarucchi 1993)
(Ulloa et al.,, 1993). As of 2006, eight species and
two varieties in six genera were recognized as
endemic to the desert scrub and meso-Andean
regions (Ledn et al,, 2006). In addition, it has been
studied for its pharmacological properties,
among them the plants of the genus
Alternanthera, which justifies its use in
ethnopharmacology (Biella 2007).
Alternanthera  porrigens (Moradilla)  is
distributed from 600 m in Arequipa to more than
3500 m elevations in several places in Peru; in the
Salinas y Aguada Blanca National Reserve, it is
found growing mainly on rocky and shrubby
slopes (Macbride 1937). Its presence in the
Lomas de Lucumo is related to dispersal by cattle.
It has also been found in the Lomas de Yuta,
province of Islay, Arequipa (Quipuscoa et al,
2006) in the Cajamarca region and in the Loma
Mongén, province of Casma, department of
Ancash. It is widely used in traditional medicine,
which attributes properties against
inflammation, circulation, purgative, flu and
menstrual cramps (Lleellish et al. 2015).
Moradilla is commonly used to decrease pain in
the uterus after childbirth (Bussmann et al,
2010), liver pain, influenza, kidney problems
(Tene et al, 2007), inflammatory reactions,
improve circulation, as a purgative, to attenuate
influenza and menstrual disorders (Cerdén 2006).
In addition, toxicological studies indicate that it
contains a good amount of essential oils,
flavonoids, quinones and tannins, so it could be
very useful in skin infection problems. Saponins
and other substances are useful as an anti-
allergic, anti-inflammatory, and antiseptic
(Castillo 2019).

However, the increased demand for these plants,
especially for food and medicinal purposes, is one
of the causes of their rapid depletion of primary
habitats (Boro et al, 1998). In addition,
conventional propagation processes depend on

the season. Therefore, they can only be achieved
during humid and warm periods (Gnanaraj et al.,
2011), being affected in their reproduction by
unfavorable periods where they remain dormant
or lose their leaves to produce flowers and fruits,
thus hindering their recovery (Quipuscoa et al.,
2006).

For this reason, the purpose of this research was
to establish a method for disinfection of nodal
segments and to use different concentrations of
auxin (AIA) and cytokinin (BAP) to evaluate
shoot generation and stem growth.

Materials and methods

Vegetable sample

The plant sample used in the research was
collected in the district of Mollebaya, department
of Arequipa, with UTM coordinates (WGS84) 19K
236418.472 8174306.538. The taxonomic
classification was performed according to that
proposed by the Angiosperm Phylogeny Group in
“An update of the Angiosperm Phylogeny Group
Classification for the orders and families of
flowering plants: APG IV” (2016). The research
was carried out at the Plant Biotechnology
Laboratory of the Universidad Catoélica de Santa
Maria (UCSM), Arequipa.

Conditions and preparation of the culture
medium

Nodal segments were grown on MS medium
(Murashige & Skoog) supplemented with 3%
sucrose (w/v) and 7% agar (w/v), adding the
growth regulators BAP and AlA, pH adjusted to
6.0 with 0.1 N NaOH or HC], autoclaved at 121 °C
for 20 min. All cultures were maintained under
16/8 h light/dark photoperiod with a light
intensity of 2000 to 2500 Lux provided by
fluorescent tubes and kept at a temperature of 20
+ 3°C.

Nodal segment disinfection trials

Nodal segments with vital morphological
characteristics and free of pests were sampled
and previously washed several times with
potable water. For disinfection, 13 replicate trials
were evaluated using 70% ethanol for 30, 60, 90,
120 and 150 seconds rinsing and NaClO at
different concentrations 1.0%, 1.5% and 2.0%
(v/v)for5, 6,7, 8 and 9 minutes rinsing, followed
by 2 rinses with distilled water. Each explant was
seeded in a test tube containing MS medium.
Twenty test tubes were evaluated per test for 20
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days. The values obtained from the disinfection
tests were analyzed by ANOVA analysis of
variance. Subsequently, the averages were
separated by Tukey's test (0.05).

Effects of growth regulators on shoot induction
and stem elongation.

Alternanthera porrigens explants were sown on
MS medium supplemented with AIA and BAP at
different concentrations (Table 2) with 3
replicates per treatment for a 20-day evaluation
period.

Results and Discussion

The plant species collected were taxonomically
determined in the facilities of the Herbarium of
the Michael Owen Dillon Scientific Institute
(IMOD), “Herbario Sur Peruano” (HSP) in the city
of Arequipa, and correspond according to Table
1.

Plant disinfection tests

To determine the ideal conditions for surface
sterilization of explants, 70% ethanol with
different NaClO concentrations (1.0%, 1.5% and
2%) and exposure times were used. As shown in
Table 1, the results revealed that nodal explants
sterilized with 70% ethanol and 1.0% sodium
hypochlorite for 30, 60,90, 120, 150 sand 5, 6, 7,
8.9 min, respectively, had an average percentage
of fungal contamination of 27%, bacterial of 39%,
with yeasts of 21% and oxidation of 2%, with
11% of viable explants.

According to the analysis of variance for a 95%
confidence level, it was found that there is no
significant difference between the contamination
percentages of the replicates by disinfection test
(p>0.05). However, there are significant
differences at 95% between one level and
another of the disinfection tests generated by
Tukey's significant difference test (HSD) (Figure
2).

This indicated that the concentration of the
disinfecting agents may not have been adequate,
favoring  the proliferation of  these
microorganisms (Fig. 1-A, C, D). The study then
proceeded with the 70% ethanol and 1.5%
sodium hypochlorite tests for 90, 120 s and 7, 8,
9, respectively, revealing fungal contamination of
14.2%, bacterial contamination of 25%, a yeast
contamination of 9.2% and oxidation of 8.3% and
a survival rate of 43.3%. As shown, the
percentage of contamination induced by fungi,
bacteria and yeasts decreases considerably when

the concentration of sodium hypochlorite is
increased to 1.5% during the proposed times.
However, the percentage of explants showing
oxidation increased by 6.3% for the tests using
1.0% hypochlorite, probably because the explant
tissues were damaged during the preparation
stage, evidencing a black or brown coloration as
a consequence of the oxidation process due to
phenolic compounds that are in large quantities
in the vacuoles, mixed with the contents of the
plastids and other organelles where polyphenol
oxidases are confined (Preece & Compton 1991).
These compounds are highly reactive and inhibit
enzymatic activity, resulting in lethal darkening
of explants (Fig. 1-B). Next, results were obtained
with 70% ethanol and 2.0% sodium hypochlorite
for 90, 120s and 5, 7 min, respectively. It was
found that the nodal segments of A. porrigens,
presented the lowest average percentage of
fungal contamination (2.5%), bacterial (10%),
and without contamination by yeasts and
oxidation, thus obtaining 87.5% of viable
explants. This is in agreement with that proposed
by Alfaro et al. (2000), where for the reduction of
the microbial population of medicinal plants,
minimum doses of sodium hypochlorite are used,
between 0.5 - 2.0%, and the immersion time
should also be short, between 5 and 10 minutes.
These disinfection tests led to the following
experiments to evaluate the effects of growth
regulators.

On the other hand, optimal results have been
demonstrated with the use of disinfecting agents
such as ethanol and sodium hypochlorite for the
genus Alternanthera, as reported by Pikulthong
et al. (2018), where the most suitable method for
surface sterilization of meristematic tissues of
Alternanthera sp. was with the use of 70%
ethanol for 1 min and 3% sodium hypochlorite
for 10 min, providing a contamination rate of 5%
with the highest survival rate of 95%.
Effects of growth regulators on
induction and stem elongation

The results showed that nodal segments grown
on MS media supplemented with AIA and BAP at
different concentrations had significantly
different stem lengths (p<0.05). However, as
shown in Fig. 3 and Fig. 4, shoot generation
(apical and axillary buds) had no difference
between one treatment and another (p>0.05).
Treatment 4, MS medium supplemented with 0.5
mg/1 AIA and 1.0 mg/1 BAP, induced the highest
average number of shoots with 5.7

shoot
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shoots/explant, also presenting the highest
average stem elongation 2.7 cm/explant followed
by treatment 5 with 0.1 mg/1 AIA and 1.0 mg/1
BAP which induced the highest number of shoots
and stem elongation with 4.3 shoots/explant and
2.2 cm/explant, respectively. Treatment 1,
without using phytohormones, induced the
lowest number of shoots with 2.3 shoots/explant
and stem elongation 1.1 cm/explant (Table 2 and
Figure 5). Reddish coloration in leaves and green
stem of the explant was observed in all
treatments. Good root induction was also
observed in all treatments and increased leaf
generation, especially in treatment 4. However, in
contrast to root generation, treatments 1, 2 and 3
showed fewer leaves (data not shown).
According to work on the same species, Bennici
and Schiff (1997) found that a high
cytokinin:auxin ratio favors shoot regeneration
in Amaranthus. Gnanaraj et al. (2011), used MS
medium with different concentrations and
combinations of plant growth regulators (BAP
(0.5-2 mg/1), Kin (0.5-2 mg/1) and BAP (1.5 mg/1)
+ Kin (0.05-2 mg/1) 0.1 mg/1)) for the generation
of multiple shoots from buds and nodal segments
obtaining the highest percentage (94.3 + 0,43 %)
and maximum number (23.4 + 0.38) of shoot
induction on MS medium supplemented with 2.0
mg/1 BAP from buds. The highest percentage
(90.4 + 0.82 %) and maximum number (15.2 *
0.63) of shoot generation from nodal segments
were observed on MS medium enriched with 1.5
mg/1 BAP. In this work, it was found that the
combination of auxin: cytokinin (0.5 mg/L: 1
mg/L) during 20 days of evaluation is in
agreement with that proposed by Singh (2009),
where they found maximum shoot generation of
Alternanthera sessilis using MS medium
supplemented with 1 mg/L AIA plus 1 mg/L BAP
at 14 days of inoculation in the medium.
Conclusions

Test 13 of surface disinfection of nodal segments
used to reduce bacterial, fungal, yeast and rust
contamination was effective. The optimum
conditions for the disinfection of nodal segments
of A. porrigens were using 70% ethanol and 2.0%

NaClO for 2 and 7 minutes of rinsing,
respectively.
The appropriate concentrations of growth

regulators during the in vitro multiplication stage
of A. porrigens were 1.5 mg/L BAP and 1.5 mg/L
AG3, where the number of shoots and aerial
growth of the seedlings were observed.

For future research in vitro culture of
Alternanthera porrigens, disinfecting agents such
as 70% ethanol and 2.0% sodium hypochlorite
are recommended because of their ease of
acquisition, cost-effectiveness, efficacy against
microorganisms and instantaneous action at low
concentrations. In addition, in the evaluation
with growth regulators, MS media supplemented
with 0.5 mg/L AIA and 1.0 mg/L BAP is
recommended for greater stem elongation and
several shoots (apical buds and axillary buds).
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ANNEXES
Table 1. Taxonomic classification of plant material collected.
Class Equitopsida
Subclass Magnoliidae
Order Caryophyllales
Family Amaranthaceae (Caryophyllaceae)
Genre Alternanthera
Species Alternanthera porrigens (Jacq.) Kuntze

According to the different tests, the percentage of viability and contamination of nodal segments of A.

porrigens.
Pollution
Test Method Viability
Mushrooms Bacteria Oxidation Yeast
P1 EtOH 70%, NaCIO 1.0% (30 35 40 0 25 0
s, 5min)
P2 EtOH 70%, NaCIO 1.0% (60 30 35 0 30 5
s, 6min)
P3 EtOH 70%, NaClIO 1.0% (90 25 40 5 20 10
S, 7min)
P4 EtOH 70%, NaClO 1.0% 25 40 0 15 20
(120 s, 8min)
P5 EtOH 70%, NaClO 1.0% 20 40 5 15 20
(150 s, 9min)
P6 EtOH 70%, NaCIO 1.5% (90 20 30 5 15 30
S, 7min)
P7 EtOH 70%, NaClO 1.5% 15 40 5 15 25
(120 s, 7min)
P8 EtOH 70%, NaClO 1.5% (90 20 25 10 5 40
s, 8min)
P9 EtOH 70%, NaClIO 1.5% 10 20 10 10 50
(120 s, 8min)
P10 EtOH 70%, NaClIO 1.5% (90 10 10 15 5 60
s, 9min)
P11  EtOH 70%, NaClIO 1.5% 10 25 5 5 55
(120 s, 9min)
P12  EtOH 70%, NaClO 2.0% (90 5 15 0 0 80
s, Smin)
P13  EtOH 70%, NaClO 2.0% 0 5 0 0 95

(120 s, 7min)
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Table 3. Effects of different concentrations of AIA and BAP on stem elongation and shoot induction of

nodal segments of A. porrigens grown for 20 days.

No Concentration Stemn height N buds
Treatn.lent (mg/L) (cm) s (pcs.)
AIA BAP
T1 0.0 0.0 1.1 2.3
T2 0.5 0.0 1.5 2.7
T3 0.0 0.5 1.9 4.0
T4 0.5 1.0 2.7 5.7
T5 0.1 1.0 2.2 4.3

Figure 1. Nodal segments of A. porrigens exposed to different disinfection tests for 20 days. Explant

v

contaminated by A) bacteria, C) fungi, D) yeasts and B) explants with the presence of rust.
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Figure 2. According to HSD, the viability of in vitro explants of A. porrigens with disinfection tests.
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Figure 3. According to HSD, evaluate the stem elongation of A. porrigens explants at different
concentrations of AIA and BAP.
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Figure 4. According to HSD, evaluate bud number induction of A. porrigens explants at different
concentrations of AIA and BAP.
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Effects of different concentrations of AIA and BAP on nodal segments of A. porrigens grown for 20 days.
Stem elongation and shoot induction of explants according to treatments A) T1, B) and F) T2, C) and G)
T3, D) and H) T4, E) T5. I) Explant exposed to the stereoscope for shoot counting.
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Figura 2. Evaluacién de la viabilidad de explantes in vitro de A. porrigens con las pruebas de desinfeccion

segun HSD.
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Figura 3. Evaluacion de la elongacién del tallo de explantes de A. porrigens a diferentes concentraciones
de AIA y BAP segiin HSD.
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Figura 4. Evaluacién de la induccién de numero de yemas de los explantes de A. porrigens a diferentes
concentraciones de AIA y BAP segtin HSD.
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Figura 5. Efectos de las diferentes concentraciones de AIA y BAP de segmentos nodales de A. porrigens
cultivados durante 20 dias. Elongacion del tallo e inducciéon de brotes de los explantes segun los
tratamientos A) T1, B) y F) T2, C) y G) T3, D) y H) T4, E) T5. 1) Explante expuesto al estereoscopio para el

recuento de brotes.
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