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ABSTRACT

Introduction. The production of
medicinal plants is a market that has been growing
rapidly in recent years and requires sustainable
agronomic techniques to meet this demand.
The herb spearmint (Mentha spicata L.) is one
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of these plants in demand worldwide. However,
there are not many techniques for its commercial
cultivation, whether in terms of harvest, post-
harvest, or propagation. As for propagation, this
is usually done vegetatively, occasionally with
the use rooting agents. Among the wide variety
of rooting agents available in the market, the use
of algae extracts such as Ascophyllum nodosum is
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a sustainable alternative. Objective. To evaluate
the influence of Ascophyllum nodosum extract
on the rooting of spearmint cuttings. Materials
and methods. The trial was carried out under
greenhouse conditions at National Agricultural
University La Molina, Peru with different doses
of the extract and different evaluation times.
Doses of 0, 1, 5 and 10 mL L' of the extract and
3 evaluation moments were used, which were
21, 28 and 35 days after cutting. In this way, an
appropriate dose and transplanting time would
be obtained. The variables evaluated were root
number, root length, rooting percentage, fresh
weight of stem, root and leaf, and dry weight of
stem, root and leaf. Results. Spearmint cuttings
showed significant differences (a = 0.05) for root
length, rooting percentage, and root fresh weight
with the application of the extract, with better
results in the 10 mL L' dose for root length
and root fresh weight. Conclusion. Ascophyllum
nodosum extract proved to be efficient in rooting
Mentha spicata cuttings.

RESUMEN

Influencia del extracto de Ascophyllum
nodosum en el enraizamiento de Mentha spi-
cata L. Introduccion. La produccion comercial
de plantas medicinales es un mercado que esta
creciendo rapidamente en los Glltimos aflos y que
requiere de técnicas agrondmicas sostenibles

INTRODUCTION

Medicinal plants are of great importance
in all regions both for their value in traditional
medicine and for the economic livelihood they
provide to small producers when marketed (FAO
1997, as cited in Membrefio 2019). Particularly
Mentha spicata L. is one of the most impor-
tant species of the Mentha genus worldwide
(Mokhtarikhah et al. 2022), with a wide use
in gastronomy, pharmaceuticals, beverages and
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para hacerle frente a esta demanda. La hierba-
buena (Mentha spicata L.) es una de estas plantas
demandadas a nivel mundial. No obstante, no
existen muchas técnicas para su cultivo comer-
cial, ya sea en términos de cosecha, poscosecha
o propagacion. En cuanto a la propagacion, esta
suele ser de forma vegetativa y ocasionalmen-
te con algin enraizante. De la gran variedad
de enraizantes que se pueden encontrar en el
mercado, el uso de extractos de algas como A.
nodosum resulta una alternativa sostenible como
bioestimulante. Objetivo. Evaluar la influencia
del extracto de 4. nodosum en el enraizamiento
de esquejes de hierbabuena. Materiales y méto-
dos. El ensayo se llevo a cabo en condiciones de
invernadero en la Universidad Nacional Agraria
La Molina, Peru con diferentes dosis del extracto
y diferentes momentos de evaluacion. Se usaron
dosis de 0, 1, 5y 10 mL L' del extracto y 3
momentos de evaluacion que fueron a los 21, 28
y 35 dias después de realizado el esqueje. Las
variables evaluadas fueron nimero de raices,
longitud de raices, porcentaje de enraizamiento,
peso fresco de tallo, raiz y hoja, y peso seco de
los mismos. Resultados. Los esquejes de hier-
babuena demostraron diferencias significativas
(o0 = 0,05) para longitud de raiz, porcentaje de
enraizamiento, y peso fresco de raices ante la
aplicacion del extracto, con mejores resultados
en la dosis de 10 mL L para longitud de raiz y
peso fresco de raices. Conclusion. El extracto
de A. nodosum prob¢ ser eficiente en el enraiza-
miento de esquejes de Mentha spicata.

confectionery, being recognized as a safe plant
by the FDA (Food and Drug Administration) as
it does not cause negative effects during prolon-
ged uses (Guzman et al. 2017). The plants of this
genus have also been reported as insecticidal,
antibacterial, antifungal and allelopathic, with
great potential for use in the agricultural sector
(El Hassani 2020). On the other hand, within the
framework of food security, one of the great cha-
llenges is to propitiate production systems that
are oriented to meet future food needs and thus
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generate a contingency plan that allows families,
with scarce resources, to live adequately (Garcia
Flores et al. 2016). Therefore it is necessary to
give greater importance to these plants and gene-
rate systems that help to maintain them.

Mentha spicata is native to the European
continent, and is one of the most popular and com-
mon species of the Mentha genus. It is perennial
plant, with a plant height between 30 to 50 cm;
its stem has a reddish-purple coloration, a conical
terminal inflorescence of lilac or violet colors and
subsessile leaves (Resquin et al. 2011). Mentha
spicata contains volatile oils, resins, tannins, cou-
marins, flavonoids, steroids and alkaloids (Salva
2016). It is used to treat ailments such as vomi-
ting, nausea, pain and gastrointestinal disorders
(Kumar et al. 2011). Two of the main chemical
compounds are limonene (Telci et al. 2010) and
rosmarinic acid, a phenolic compound associa-
ted to anti-inflammatory, anticancer, antioxidant,
antifungal and antibacterial properties (Mahen-

dran et al. 2021).

Cultivation of medicinal plants in Peru is
minimal, making the implementation and pro-
motion of sustainable practices challenging due
to limited information availability (Nolasco Cruz
2016). Furthermore, this production primarily
occurs in rural areas where technical agrono-
mic expertise is scarce, reflecting broader issues
within Peruvian agriculture (MIDAGRI 2015).
Various propagation methods are available, each
better suited to specific crops. For plants like
perennial herbs, which root easily, propagation
is typically achieved through cuttings or ratoons
(Quintero 1985). Given its importance and ease
of implementation, this method warrants consi-
deration and further exploration. Therefore, it is
imperative to adapt and generate knowledge for
effective agronomic management in the propaga-
tion of these plants.

Biostimulants are gaining importance in
the agricultural field due to their ability to be
used in sustainable systems (Rouphael & Colla
2020). In general, they have the capacity, at low
concentrations, to improve flowering, growth, the
qualitative properties of the commercial product

and its shelf life (Basile ef al. 2020). Among them,
some of the most studied are those made from
macroalgae (Kapoore et al. 2021). One of these
macroalgae is Ascophyllum nodosum, which is
important for its content of phenolic compounds,
polysaccharides, amino acids and phytohormones
(Battacharyya et al. 2015). The use of this bios-
timulant has shown in crops efficient nitrogen use,
increased water use efficiency, and biomass gain
(Langowski et al. 2022, Frioni et al. 2021).
Agrostemin is a commercial product obtai-
ned from extracts of Ascophyllum nodosum. It has
shown to stimulate growth in vegetables, incre-
asing their quality and yield. It contains natural
hormones that affect different physiological pro-
cesses of the plant (Serfi 2022). It is also used as
a rooting agent (Telenchana 2017, Jacome 2011).
The present works aims to evaluate the
effects of 3 concentrations of Ascophyllum nodo-
sum extract on the rooting of Mentha spicata.

MATERIALS AND METHODS

The plant material was obtained from
the Vegetable Research and Social Projection
Program of the Universidad Nacional Agraria
La Molina, Peru. It was collected from Mentha
spicata L. mother plants on November 12, 2022,
using sterile pruning shears. Propagation was
conducted following the protocol outlined by
Amaro et al. (2013), with certain modifications.
Apical cuttings 6.8 to 8.8 cm long, 2 to 3 mm in
diameter and 5 nodes, were collected. The leaves
were removed, (except for those of the upper
node) and they were placed in containers with
water to avoid dehydration before treatment.

The rooting agent used for the treatments
was an extract of Ascophyllum nodosum with the
commercial name Agrostemin. From this, three
solutions of one liter of water were prepared with
different concentrations of the extract. The cut-
tings were submerged for 5 minutes.

A 4x3 completely randomized factorial
design was used with 10 cuttings per treatment,
with a total of 120 cuttings. The first factor (D)
corresponds to the doses of Agrostemin used for
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the rooting solutions and the second factor (T)
corresponds to the evaluation times of the cuttings
since they were cut. The Agrostemin doses used
were 0, 1, 1, 5 and 10 mL per liter of water. The
evaluation times were 21, 28 and 35 days after
cutting. The variables evaluated were root length
of the largest root, root number (the number of
primary roots), rooting percentage, fresh weight of
leaves, fresh weight of stem, fresh weight of roots,
dry weight of leaves, dry weight of stem, and dry
weight of roots.

Propagation was carried out inside a pro-
tective structure of the Vegetable Research and
Social Projection Program at the Universidad
Nacional Agraria La Molina, Peru with recorded
temperature and relative humidity. During the
experiment, the minimum temperature repor-
ted was 14.4°C, the maximum temperature was
29.1°C and the average temperature was 19.6°C.
The maximum relative humidity was 95%, the
minimum was 58% and the average relative humi-
dity was 83.74%. For propagation, 12 trays of 25
spaces, each 8.8 cm high, 5.4 cm in diameter and
with one cutting were used. In these trays, fine

river sand was used as substrate and the cuttings
were watered 6 days a week.

The evaluation of the variables root num-
ber, root length and rooting percentage was
carried out on the 10 cuttings of each treatment,
while the other variables were evaluated on only 3
cuttings per treatment.

Statistical analyses were performed with
R Studio software and graphs with Graph Pad
Prism software. The ANOVA table was perfor-
med for each variable to determine the statistical
significance of the factors. Following this, Tukey’s
test of comparisons (p-value < 0.05) was conduc-
ted to identify significant differences between
treatments.

RESULTS AND DISCUSSION

According to the ANOVA table, for the
variable root number, only the time factor was
highly significant. In the Tukey test, no significant
differences between treatments were observed
(Table 1). However, a significant increase in root
number was reported as time increased (Figure 1).

Table 1.  Average values of the variables root number (RN), root length (RL) in centimeters and rooting percentage (RP) of

the 12 treatments.

Treatments DAA DA (mL L) RN RL (cm) RP (%)
1 21 0 2.00 a 1.16 ¢ 20 f
2 21 1 3.00a 1.20 ¢ 50e
3 21 5 3.66 a 093¢ 70 cd
4 21 10 233 a 1.00 ¢ 50e
5 28 0 4.17 a 2.00 ¢ 70 cd
6 28 1 717 a 4.20 be 80 be
7 28 5 433 a 3.48 be 60 de
8 28 10 5.00 a 5.17 abc 80 be
9 35 0 3.00a 4.80 be 80 be
10 35 1 733 a 7.63 ab 100 a
11 35 5 733 a 5.03 abe 80 be
12 35 10 9.16 a 9.48 a 90 ab

Note: DAA: days after application of Agrostemin, DA: dose of Agrostemin, Different letters indicate significant differences

between treatments (p-value<0.05).
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As for the variable root length (Figure 2),
the factors time and dose were highly significant,
but not their interaction. At each dose there is an
increase in root length as time increases.

In the study carried by Gomes et al. (2018),
they observed that as Ascophyllum nodosum
extract concentration increases, root length of
Passiflora actinia Hook cuttings increases. Howe-
ver, in the present experiment, just at 35 days after
the application of Agrostemin, there was a signifi-
cant difference in root length between the dose of
10 mL L' and the control (Figure 3).

The rooting percentage variable presented
high significance for the time and dose factors,
as well as for their interaction. Significant diffe-
rences were found between each time, with 35
dda showing the highest percentage of rooting.
On the other hand, for the dose factor, 1 and 10
mL L' showed the highest percentage of rooting.
The data reported in Table 1 indicate that the hig-
hest percentage of rooting is obtained at 35dda
and with a dose of 1 mL L' of Agrostemin.

a B 21 dda
I B 28 dda
1 35dda

abc abc

bc

imLL' 5mLL' 10mLL"

Doses

Figure 2. Root length in different doses of Agrostemin and according to three evaluation moments.
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Figure 3. Spearmint cuttings at 35 days with 0 (A), 1 (B), 5 (C) and 10 (D) mL L™ of Agrostemin.

The evaluations of fresh weight of leaves
and roots, and dry weight of leaves, stem and
roots did not show significant differences bet-
ween any of the treatments. The root fresh weight
variable shows significant differences in the time
and dose factors, but there is no significant inte-
raction between them. In the treatments of time
3, the fresh weight of roots has significant diffe-
rences compared to the other times (Figure 4).
Even if we consider the time factor, it achieved

a significantly higher root dry weight at 35 days
after cutting. On the other hand, the treatments
to which Agrostemin was applied had a signifi-
cantly higher root weight than the control. These
results are similar to those reported by Elansary
(2017), where no significant differences were
reported between the dry weights of Mentha spi-
cata in the control group and those that received
Ascophyllum nodosum.

= 21dda
B3 28dda
a =3 35dda

ab

0.08-
2 0.06+
-g, ab
2
= 0.044
(7]
o
™
5 oo b
g 0.0
b b
omLL" 1mLL
Doses

5mLL"

10 mL L

Figure 4. Fresh weight of roots in different doses of Agrostemin and according to three times from its application.
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CONCLUSIONS

Ascophyllum nodosum as a biological roo-
ting agent for Mentha spicata L. cuttings proved
to enhance root length, rooting percentage and
root fresh weight in contrast to the control. Par-
ticularly, the application of a 10 mL L-! dosage
yielded the most pronounced improvements in
these variables.

Most of the observed variables exhibited
an increase with time after cutting. Nevertheless,
the fresh and dry weights of leaves and stems did
not demonstrate significant differences despite
the passage of time since cutting.

ACKNOWLEDGMENT

The authors would like to thank the Vege-
table Research and Social Projection Program
of the UNALM for financing and providing
the necessary space to develop this project. We
also thank the professors who, out of conviction,
advised and guided us in obtaining the results.
Likewise, to each one of the people who suppor-
ted us with the smallest action until the project
was completed.

LITERATURE CITED

Amaro, HTR; Silveira, JR; David, de S David AMS; de
Resende, MAV; Andrade, JAS. 2013. Tipos de
estacas e substratos na propagacdo vegetativa da
menta (Mentha arvensis L.). Revista Brasileira de
Plantas Medicinais 15:313-318.

Basile, B; Rouphael, Y; Colla, G; Soppelsa, S; Andreotti,
C. 2020. Appraisal of emerging crop management
opportunities in fruit trees, grapevines and berry
crops facilitated by the application of biostimulants.
Scientia Horticulturae 267:109330.

Battacharyya, D; Babgohari, MZ; Rathor, P; Prithiviraj,
B. 2015. Seaweed extracts as biostimulants in
horticulture. Scientia Horticulturae 196:39-48.

Elansary, HO. 2017. Green roof Petunia, Ageratum, and
Mentha responses to water stress, seaweeds, and
trinexapac-ethyl treatments. Acta Physiologiae
Plantarum 39(7):145.

El Hassani, FZ. 2020. Characterization, activities, and
ethnobotanical uses of Mentha species in Morocco.
Heliyon 6(11):e05480.

Frioni, T, Vander Weide, J; Palliotti, A; Tombesi,
S; Poni, S; Sabbatini, P. 2021. Foliar vs. Soil
application of Ascophyllum nodosum extracts to
improve grapevine water stress tolerance. Scientia
Horticulturae 277:109807.

Garcia Flores, JC; Gutiérrez Cedillo, JG; Balderas Plata,
MA; Aratijo Santana, MR. 2016. Estrategia de vida
en el medio rural del altiplano central mexicano: el
huerto familiar. Agricultura Sociedad y Desarrollo
13(4):621.

Gomes, EN; Vieira, LM; Tomasi, JC; Tomazzoli, MM;
Grunennvaldt, RL; Fagundes, CM; Brunetti
Machado, RC.2018. Brownseaweed extractenhances
rooting and roots growth on Passiflora actinia Hook
stem cuttings. Ornamental Horticulture 24:269-276.

Guzman Maldonado, SH; Diaz Huacuz, RS; Gonzilez
Chavira, MM. 2017. Plantas medicinales: La
realidad de una tradicion ancestral. Guanajuato,
México, CIR Centro. 32 p.

Jacome, JF. 2011. Evaluacion de tres mezclas de sustratos
y tres fitohormonas en enraizamiento de brotes
laterales de babaco (Carica pentagona), barrio
Pinllocruz, cantéon Mejia, provincia de Pichincha.
Tesis Lic. Latacunga, Ecuador, Universidad Técnica
de Cotopaxi. 83 p.

Kapoore, RV; Wood, EE; Llewellyn, CA. 2021. Algae
biostimulants: A critical look at microalgal
biostimulants for sustainable agricultural practices.
Biotechnology Advances 49:107754.

Kumar, P; Mishra, S; Malik, A; Satya, S. 2011. Insecticidal
properties of Mentha species: a review. Industrial
Crops and Products 34(1):802-817.

Langowski, t; Goiii, O; lkuyinminu, E; Feeney, E;
O’Connell, S. 2022. Investigation of the direct effect
of a precision Ascophyllum nodosum biostimulant
on nitrogen use efficiency in wheat seedlings. Plant
Physiology and Biochemistry 179:44-57.

Mahendran, G; Verma, SK; Rahman, LU. 2021. The
traditional uses, phytochemistry and pharmacology
of spearmint (Mentha spicata L.): A review. Journal
of Ethnopharmacology 278:114266.

Membreno, GR. 2019. Comportamiento del desarrollo
vegetativo de la hierbabuena (Mentha spicata L.)
empleando tres diferentes sustratos a nivel de
vivero. Tesis Lic. Managua, Nicaragua, Universidad
Nacional Agraria. 37 p.

MIDAGRI (Ministerio de Desarrollo Agrario y Riego, Pert).
2015. Problemas en la agricultura peruana (en linea).
Consultado 7 may. 2023. Disponible en https://
www.midagri.gob.pe/portal/22-sector-agrario/
vision-general/190-problemas-en-la-agricultura-
peruana?start=1

Mokhtarikhah, G; Ebadi, MT; Ayyari, M. 2022. Agro-
morphological and phytochemical studies of
spearmint landraces (Mentha spicata L.) in Iran.
Industrial Crops and Products 176:114367.

Agronomia Costarricense 48(2): 151-158. ISSN:2215-2202 / 2024



158 AGRONOMIA COSTARRICENSE

Nolasco Cruz, EE. 2016. Tendencias actuales de las plantas
medicinales producidas en el Peru. Tesis Lic.
Trujillo, Perti, Universidad Nacional de Trujillo.
23 p.

Quintero, JJ. 1985. Cultivo del perejil y de la hierba-buena.
Madrid, Espaiia, Ministerio de Agricultura, Pesca 'y
Alimentacion. 20 p.

Resquin, G; Degen, R; Delmas, G; Macchi, G. 2011. Las
especies de Mentha L. Cultivadas en Paraguay.
Rojasiana 10(1):77-91.

Rouphael, Y; Colla, G. 2020. Biostimulants in Agriculture.
Frontiers in Plant Science 11. DOI: https:/doi.
org/10.3389/fpls.2020.00040

Salva, E. 2016. Estabilidad oxidativa y microbiologica de
un embutido cocido de visceras rojas de Cavia
porcellus con extracto etanolico de Mentha spicata.

Tesis Lic. Lima, Peru, Universidad Nacional Agraria
La Molina. 117 p.

Serfi. 2022. AGROSTEMIN ® -GL (en linea). Consultado
7 may. 2023. Disponible en https://serfi.biz/
wp-content/uploads/2020/02/Ficha-Tecnica-
AGROSTEMIN-GL-v10.2022-1.pdf

Telci, I; Demirtas, I; Bayram, E; Arabaci, O; Kacar, O. 2010.
Environmental variation on aroma components of
pulegone/piperitone rich spearmint (Mentha spicata
L.). Industrial Crops and Products 32(3):588-592.

Telenchana, MM. 2017. Evaluacion de tres enraizantes en
plantulas de lechuga (Lactuca sativa L.) mediante
el método de raiz flotante en la parroquia Mulalillo
del canton Salcedo, provincia de Cotopaxi. Tesis
Lic. Cevallos, Ecuador, Universidad Técnica de
Ambato. 71 p.

@ @ @ @ Agronomia Costarricense. Universidad de Costa Rica. Se encuentra licenciada con Creative Commons Atribucion-
BY NC ND

NoComercial-SinDerivar 4.0 Internacional. Para mayor informacion escribir a rac.cia@ucr.ac.cr

Agronomia Costarricense 48(2): 151-158. ISSN:2215-2202 / 2024





