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Abstract

Acmella oleracea is a tropical plant, typical of the northern region of Brazil. The species
belongs to the Asteraceae family and has great therapeutic, pharmacological and industrial
potential. A limiting factor for the production of this species on a large scale is the short life
cycle. The tissue culture programs use synthetic hormones based on cytokinins, such as
kinetin and benzylaminopurine (BAP) and auxins such as naphthalene acetic acid (ANA).
The objective of this research was to evaluate the effect of growth regulators on the
production of Acmella oleracea "in vitro". The experimental test was carried out with control
(C), without the addition of growth regulators and five treatments, composed of: (T1) 0.1;
(T2) 0.3; (T3) 0.5 mg L kinetin; (T4) 0.1 mg L' of BAP and ANA; (T5) 0.5 mg L! of BAP
and ANA. The experimental design was a completely randomized block in a factorial
arrangement with six treatments, three blocks and twenty-five repetitions per block. The
evaluated parameters were: germination, root formation, aerial part length, root length, aerial
part fresh mass and root fresh mass, aerial part dry mass and root dry mass. The data obtained
were subjected to analysis of variance (p <0.05) and compared using the Tukey test. The
results showed that kinetin positively contributed to seed germination and aerial part dry
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mass development. Treatment 1 had the best results for the parameters root length, shoot
length and root dry mass.
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1. Introduction

Acmella oleracea is a species with wide distribution in tropical regions, found in South
America, Africa and Asia, belonging to the Asteraceae family and genus Acmella, which is
composed of about 30 species. In the northern region of Brazil the species is popularly known
as Jambu and is generally cultivated by family farmers (Favoreto and Gilbert, 2010).

Jambu is an annual herbaceous plant that can grow to 40 cm in height in adulthood. The
species has great importance in the economy of family farmers, but plantations are not
performed on a large scale. Cultivation occurs mainly in the areas close to the residences, in
order to meet own consumption. Only the surplus is traded when in excess, at vegetable fairs
(Anderberg et al., 2007; Favoreto and Gilbert, 2010; Homma et al., 2011). The economic
value attributed to the species for the local population is found in the purpose of use, which is
generally applied to regional cuisine, in which it is considered as one of the main ingredients
in the preparation of typical dishes, such as “tacacd” and “pato no tucupi”, as well as an
ornamental plant in horticulture and for medicinal purposes (Anderberg et al., 2007).

The ethnocultural knowledge about the properties of A. oleracea aroused the interest of
researchers, who discovered that the plant has a bioactive compound in the leaves, stems and
flowers, the N-isobutylamide of deca-2,6,8-trienic acid (2E, 6Z, 8E), known as spilantol
(Favoreto and Gilbert, 2010). This resulted in the growing interest of the medicinal and
cosmetic industries, which in recent years has invested in products that use jambu as a raw
material. The literature shows that the patents developed with this compound have as
anesthetic, antiseptic, anti-wrinkle, anti-inflammatory, antifungal, antimicrobial,
gynecological and is sold as a medicine and cosmetic in several products on the market
(Favoreto and Gilbert, 2010; Homma et al. 2011; Almeida and Gama, 2014).

With the technical-scientific discoveries about the potential for pharmacological use for
medicinal and cosmetic treatments, a concern was created with the production of A. oleracea
on a large scale to meet the demand of the industrial sector. However, there was little
practical evolution in the plant cultivation process. Another limiting factor for large-scale
production would be adaptation outside the equatorial regions, that is, in the subtropical and
temperate regions. These are the regions where the country's major industrial centers are
concentrated (Cavalcanti, 2008; Tiwari et al., 2011).

Therefore, there is a need to obtain high quality plants, with the same pattern of growth and
development as in the origin regions. An alternative to overcome this problem would be the
in vitro cultivation of the species. An alternative to overcome this problem would be the in
vitro cultivation of the species. This technique makes it possible to obtain plants with high
quality, in addition to allowing the production of seedlings at any time of the year, resulting
in large amounts of plant tissue in a short period of time, with disease-free plants, as they are
grown under light and fully controlled temperature (Hussain et al., 2012).
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However, one of the challenges for this technique and species is that the use of explants,
leaves and shoots of A. oleracea, in tissue culture is a slow process. In addition there is a
need to determine culture media for each species of regenerated tissue, increasing the cost of
production (Singh et al. 2009; Pandey, Agrawal, 2009; Yadav et al. 2012). Among the
numerous culture media, the most used is that of Murashige and Skoog, known worldwide as
MS media (Yadav and Singh, 2010). The main limiting factors for tissue culture production
are the determination of the appropriate standards for growth regulators (Quisen and Angelo,
2008; Colombo et al. 2010).

Growth regulators are synthetic plant hormones, which participate in the control of plant
growth, and which are used in tissue culture in order to induce the development of explants
(Dias, 2019). The search for the combination of auxins and cytokinins in the growth and
development of plants is important, since auxins help in the elongation and cell division for
the root formation, while cytokinins inhibit the roots and stimulate protein and enzymatic
activity. Often endogenous auxins and cytokinins are sufficient for the development of plant
tissues. In other cases, such as A. oleracea, it is necessary to add these regulators,
exogenously (Durbak et al. 2012).

The literature shows the efficiency of the use of synthetic hormonal products based on
cytokinins such as kinetin, benzylaminopurine (BAP) and the base of auxins such as
naphthalenoacetic acid (ANA), in cultures of Brassica oleracea subsp. Italic (broccoli) cv.
'Green Marvel' (Ravanfar et al., 2009), Vitis ssp. (Alizadeh et al., 2012), Scoparia dulcis L.
(Zeya and Trivedi, 2019), Pyrus ssp. and Malus ssp. (Camargo et al., 2018), among others.
These plant regulators can be used individually or in combinations with each other or in
mixtures with other compounds of biochemical nature, such as amino acids, micronutrients
and vitamins (Castro and Vieira, 2001).

For this reason, the objective of this work was to verify the influence of growth regulators on
the germination and development of A. oleracea in an in vitro culture system, in order to
obtain plants in a short period of time, in addition to optimizing the form of cultivation.

2. Materials and Methods

The studies were carried out in the Laboratory of Molecular Biology and Laboratory of
Vegetal Tissue Cultures of Paranaense University (UNIPAR), in the city of Umuarama,
Parana state, Brazil. The utilized seeds were acquired commercially from rural producers
from the city of Amapa - AP, Brazil.

2.1 Treatments and Experimental Design

The seeds were submitted to an asepsis process in a laminar flow where they were kept for 3
minutes in a solution with distilled water and neuter detergent. Next, they were immersed in
ethylic alcohol at 70%, followed by 5 minutes in sodium hypochlorite at 5% under constant
agitation. After this period, four successive washings were performed with deionized water
and then autoclaved. For the in vitro culture, the seeds from the asepsis were seeded in
transparent glass flasks containing 80 mL of MS culture medium (Murashige and Skoog,
1962), added of 30g/L of sucrose, 0.05 g/L of ascorbic acid, 6.5 g/L! of agar with pH
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adjusted to 5.8, and growth regulators that varied according to each treatment. The evaluated
treatments were: control (C) without growth regulator addition, (T1) 0.1 mg/L! of kinetin;
(T2) 0.3 mg/L! of kinetin; (T3) 0.5 mg/L™! of kinetin; (T4) 0.1 mg/L"! of BAP + 0.1 mg/L™! of
ANA; (T5) 0.5 mg/L! of BAP + 0.5 mg/L! of ANA. The flasks containing culture medium
were autoclaved at 121 °C for 20 minutes.

After seeding seed in a sterile laminar flow, the flasks were closed with transparent
autoclaved plastic lids, sealed with PVC film and placed in a growth chamber. All the
treatments had the same conditions: 24h-photoperiod with fluorescent white light and light
intensity of 3600 lux (measured by a lux meter) at the temperature of 25+- 2°C. The
experiment was carried out in a completely random design with 6 treatments, 3 (three)
replications and 25 (twenty-five) flasks by replications, totaling 75 (seventy-five) flaks per
treatment. Each flask was inoculated with one seed.

During culture setting, evaluations were done in two distinct periods (48 days and 90 days).
In the initial evaluation, at 48 days, data on the percentage of germination, stem formation,
abnormal seedlings, percentage of plant oxidation and contamination rate were determined.
The contamination criterion was the presence of fungi and bacteria. In the final evaluation,
the aerial part length (APL) and root length (RL) was obtained using a pachymeter. The aerial
part fresh mass (APFM) and the root fresh mass (RFM) were obtained from weighing the
seedlings in an analytical scale; next, the material was dried at ambient temperature until
constant mass to obtain the aerial part dry mass (APDM) and root dry mass (RDM).

2.2 Statistical Analysis

The data were submitted to analysis of variance (p < 0.05) and compared by Tukey’s test (p <
0.05) utilizing the statistical program SPSS (2011).

3. Results and Discussion
3.1 Germination Process

The results proved statistically that the addition of hormones had effects, for the parameters
of germinated and non-germinated plants, when compared to the control. However, when the
other parameters: abnormal plants, callus formation and oxidized plants were observed, there
were no significant differences, because no seedling showed these symptoms (Table 1).
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Table 1. Development analysis of Acmella oleracea regeneration on day 48 of culture under 5
treatments (T) and control (C), evaluating the parameters: Germinated plants (GP); Root
formation (RF); Contaminated plants (CP); Non-germinated plants (NGP); Abnormal plants

(AP); Callus formation (CF); Oxidized plants (OP)

Germinated | Root Comtaminated | Non-Germinated | Abnormal Callus Oxidized
Plant Formation Plants Plants Plants Formation Plants

C 56.3+0.3 ¢ 53.0+£2.02 2.3+0.3% 16.3+0.3 2 0 0 0

T1 65.0+£0.0 ® 63.0£1.0° 1.0+0.0* 9.3£0.9° 0 0 0

T2 61.6+1.4° 52.0+£3.2° 1.0+£0.0 * 11.7£1.2° 0 0

T3 63.3+1.2%® 56.3+3.4° 2.0+0.0* 9.3£0.3° 0 0 00

T4 62.3£0.6 57.3+4.2° 2.3+£0.9* 10.3+1.7° 0 0 0

T5 62.0£0.0 ° 53.3£6.6 ° 11.3£0.3 2 11.3£0.3° 0 0 0

Average + standard error. Averages followed by the same letter in the column do not differ
statistically from each other by Tukey’s test (p < 0.05).

Seed germination occurred from the third day after inoculation. Cardoso and Garcia (1997)
reported that the jambu starts the germination stage at 7 days after planting in soil. This can
be explained by the possible genetic variability of this plant in relation to the germination
stage. The result obtained in this experiment is not different from that found in initial
germination tests on germitest paper (data not shown). This makes us believe that the culture
medium did not influence the germination initiation process. This result was similar to that
found by Jamaleddine et al., 2011, when he performed the same process in Artemisia annua.

The use of growth regulators increased the germination rate of A.oleraceae seeds. Treatments
1 (0,1 mg/L! of kinetin), 3 (0,5 mg/L"! of kinetin) and 4 (0,1 mg/L"! of BAP + 0,1 mg/L™! of
ANA) were more significant when compared to the control, which presented the worst index.
This represented a gain in twinning that varied between 9 to 15% between treatments 4 and 1
respectively. This result was also confirmed in evaluations on the hormones effect on the
germination of Lotus corniculatus L., where Nikoli¢ et al. (2006) reported that additions of
growth regulators, by tissue culture, has the ability to interfere in the germination potential.
With that, we can infer that the addition of growth regulators may be favorable in the
germination of Asteraceae family species. Plant regulators have an influence on various plant
organs and tissues. However, the effect depends on the species, the stage of development, the
concentration, the interaction between regulators and various environmental factors (Taiz et
al., 2017).

Cytokinin treatments obtained the highest germination rates. The best explanation for this
positive effect is correlated with the environmental conditions to which these treated seeds
were subjected. Cytokinins are generally not reported to be essential for the seed germination
process, however, when subjected to the action of light, phytochrome B-type photoreceptors
are activated, making hormonal regulators necessary, since cytokinins are important
signallers and activators metabolic pathways, and which helps to induce the germination
process (Fankhauser, 2002).
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3.2 Plant Development

When we observed the results of the development analysis of Acmella oleracea regeneration,
at 90 days of cultivation, there was a statistical difference for all parameters evaluated (table
2). The variables that showed a difference between treatments and control, proving the effects
in promoting growth via the application of hormones were: root fresh mass (RFM), the aerial
part fresh mass (APFM) and aerial part dry mass (APDM).

Table 2. Development analysis of Acmella oleracea regeneration at 90 days of culture under
5 treatments (T) and control (C), evaluating the parameters: Root fresh mass (RFM); Aerial
part fresh mass (APFM); Root length (RL); Aerial part length (APL); Root dry mass (RDM);
Aerial part dry mass (APDM)

T RFM APFM RL APL RDM APDM

C 33£0.2° 12.6=1.1° 20.1+£0.6° 14.7+0.3° 0.3+0.0* 0.2+0.0°
Tl  14+0.19 114+1.1° 17.4+0.8° 133+03° 0.1 +0.0¢ 0.1 +0.0°
T2 3.0+£0.2° 12.6+1.2° 10.8+0.6° 12.8+0.3% 0.2+0.0° 0.2+0.0°
T3 47+04® 113+£1.8° 11.4+04° 134+0.1> 03+£0.0" 0.6+0.0°
T4 42+03* 158+1.1* 9.6+04% 12.5+0.3% 0.2 +0.0% 0.7+ 0.0%

TS 55+04° 127+1.1° 84+03% 12.0+0.2¢ 0.3+0.0% 0.6 +0.0°

Average =+ standard error. Averages followed by the same letter in the column do not differ
statistically from each other by Tukey’s test (p < 0.05).

The T4 produced the highest amount of APFM. This indicates that this treatment has potential
in the tissue culture programs for the production of natural chemical compounds, since this is
an object of desire within the industrial sector for this plant. This statement is determined by
the response of the addition of 0.1 mg/L! of BAP and 0.1 mg/L™! of ANA, in treatment T4,
which presented the best result regarding the APFM and APDM.

The increase in APFM and APDM part can be explained by the mode of action of these
hormones, which act synergistically in cell division and plant regeneration in vitro, since

cytokinins can act as a secondary messenger in regulating the formation of sprouts by auxins
(Faiss et al., 1997; Fatima et al., 2011).

Studies on the combination of auxins and cytokinins in plant growth and development are
extensive, so the results obtained in this experiment are in line with those found by Joshi et al.
(2003) and Araujo et al. (2015).

From the results obtained in the previous parameters, we can explain the values obtained for
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RFM, in which the best treatment was the number T5 (0.5 mg/L™! of BAP and 0.5 mg/L™! of
ANA), followed by T3 ( 0.5 mg/L™! CIN). The combination of the hormones BAP and ANA in
in vitro cultures has proven efficiency, since the joint action of these hormones potentiates the
seedling multiplication process. However, the shoots present a very small lengthening of the
aerial part, becoming difficult to individualize (Medeiros et al., 2001). This validates the results
obtained in the TS treatment, which produced the second largest amount of APFM and RFM.

Kinetins act in the formation of lateral roots and it is widely studied and detailed, as observed
in the literature (Thimann, 1936; Debi et al., 2005). Studies with rice roots show that kinetin
is very important in all lateral roots formation stages, providing an increase in fresh mass
(Debi et al., 2005), according to the value observed in treatment T3, plus 0.5 mg/L™! of CIN.

The T5 treatment (0.5 mg/L™!' of BAP and 0.5 of ANA mg/L™") was the one that produced the
largest amount of RFM, however, when the RL or APL parameters were observed, this
treatment showed the worst result statistically for both characteristics. This result can be
explained by the large amount of lateral roots produced, which increased the weight of the
fresh mass, however it restricted the elongation of the roots. The result of the present study
was similar to that found by Gatita and Almeida (2003) and by Haque et al. (1997), which
promoted the development of root length in tomato and garlic seedlings respectively.

The best results for APL and RL were observed in the control, however, these results are not
different from those described in some literature, which report that the best results for the root
length parameter for Rubus sp. (Ebony) and Physalis peruviana, occurred in the absence of
growth regulators in culture medium (Villa et al., 2005; Chaves et al., 2005). This is an
interesting and useful factor, as it provides a reduction in laboratory costs with materials
within a tissue culture program. That is, the absence of growth regulators, can be adopted
when the tissue culture programs need to obtain the parameters root length, dry root mass,
and shoot length.

The root dry mass parameter showed no statistical difference between the control (without the
addition of growth regulators) and the T3 and T5 treatments (0.5 mg/L™' of kinetin; 0.5
mg/L"! of BAP + 0, 5 mg/L"! of ANA). This result can be explained by the combination of
auxins and cytokinins that act synergistically or independently in the development of root
cells. Thus, in the presence of both types, and also in the absence of adding these, the plant
can supply its needs through the use of alternative routes to provide the best development and
cell growth (Depuydt and Hardtke, 2011).

4. Conclusion

It was verified that in different concentrations, BAP and ANA had significant results in the
formation of fresh root mass and fresh shoot mass. Kinetin positively contributed to seed
germination and aerial part dry mass development. The control had the best results for the
parameters root length, Aerial part length and root dry mass. The control (without growth
regulator) was the one that obtained the best results in the main evaluations for obtaining
tissue. For the production of plants in vitro on a large scale, it is recommended to use this
treatment.
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