SCIENTIFIC ARTICLE

Vegetative propagation of Rhaphiodon echinus Schauer (Lamiaceae):
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ABSTRACT

One of the tendencies in the floriculture sector, whether in modern landscaping or floral art, is related to the insertion of innovations
in the sector, mainly of native origin. For this it is necessary to establish strategies that favor the introduction of these materials.
Among the species that present ornamental potential, Rhaphiodon echinus Schauer has been outstanding for groundcover; however
it is necessary to establish the proper propagation protocol for the species. In this sense, the objective was to evaluate the vegetative
propagation process of this species considering the period of cutting in rooting, cuttings arrangement and IBA concentrations
for seedlings production. The experiment was carried out in a sub-split plots scheme with the period of cutting in rooting in the
plots (30 and 60 days), the cuttings arrangement (horizontal and vertical) in the subplots and the IBA concentrations (0; 1,000;
2,000 and 4,000 ppm) in sub-subplots. The following variables were evaluated: survival cuttings, percentage of rooted cuttings,
number of sprouts per cuttings, average length of the largest root, root volume, shoot dry biomass and root dry biomass. There
was a significant interaction between the period of cutting in rooting and the cuttings arrangement for survival cuttings and rooted
cuttings; between the period of cutting in rooting and the concentration of IBA for shoot dry and between the cuttings arrangement
and concentration and IBA for the percentage of rooted cuttings, number of sprouts per cuttings and root dry biomass. For average
length of the largest root and root volume there was a significant effect for period of cutting in rooting and IBA concentrations
individually. The period of cutting in rooting of 30 days is the most suitable for rooting the cuttings. In relation of the cuttings
arrangement the most indicated is vertical. Finally, the concentration of 1,000 ppm of IBA can be indicated for the propagation of
R. echinus by the cutting process.
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RESUMO
Propagacio vegetativa de Rhaphiodon echinus Schauer (Lamiaceae): efeitos do periodo de estaquia no enraizamento,
disposicio de estacas e concentracdes de AIB para producio de mudas

Uma das tendéncias no setor da floricultura seja no paisagismo moderno ou na arte floral, esta relacionada a inser¢do de novas espécies
com potencial ornamental, principalmente de procedéncia nativa. Para isso, faz-se necessario estudar estratégias que favoregam
a introduc@o desses materiais. A espécie Rhaphiodon echinus Schauer é nativa e tem se destacado como forragdo, existindo a
necessidade de estabelecer um protocolo de propagagdo adequado. Neste sentido, objetivou-se avaliar o processo de propagacao
vegetativa desta espécie considerando-se o periodo de estaquia no enraizamento, a disposi¢ao das estacas e concentragdes de AIB
para a producdo de mudas. O experiemento foi instalado em esquema de parcelas sub subdivididas, avaliando-se o periodo de
estaquia no enraizamento nas parcelas (30 e 60 dias), a disposicao das estacas no substrato (horizontal ou vertical) nas subparcelas
e as concentragdes de AIB (0, 1.000, 2.000 e 4.000 ppm) nas sub subparcelas. Foi avaliado: sobrevivéncia de estacas, porcentagem
de estacas enraizadas, nimero de brotos por estacas, comprimento médio da maior raiz, volume de raizes, biomassa seca da
parte aérea e biomassa seca da raiz. Ocorreu interagdo significativa entre periodo de estaquia no enraizamento e disposi¢do das
estacas no substrato para as variaveis sobrevivéncia de estacas e estacas enraizadas; entre o periodo de estaquia no enraizamento
e concentragdo de AIB para biomassa seca da parte aérea e, entre disposicao de estacas e concentragao e AIB para porcentagem
de estacas enraizadas, nimero de brotos por estacas ¢ biomassa seca da raiz. Para o comprimento médio da maior raiz e volume
radicular ocorreram efeitos significativos para a interagdo periodo de inducdo das raizes e concentracdes de AIB. O periodo de
estaquia no enraizamento de 30 dias e a disposicao vertical da estaca no substrato sdo os mais indicados no processo de propagagao.
Por fim, a concentrag@o de 1.000 ppm de AIB pode ser indicada para a propagacao de R. echinus pelo processo de estaquia.
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1. INTRODUCTION

The Brazilian floriculture works to introduce novelties
in the market due to the demand of consumers looking for
different products. So, prospecting native plants that present
ornamental potential, both for landscaping and for floral art
have been carried out (STUMPF et al., 2009; DRAGOVIC,
2015; BECKMANN-CAVALCANTE et al., 2017a; 2017b).
However, not all prospected species are eligible to be
introduced immediately on the market, and there is a need for
research on breeding programs, establishment of propagation
protocols and cropping systems (CARDOSO, 2013).

Brazil has the most abundant flora in the world and
in the Caatinga biome can be found around 5.000 plant
species, among which 380 are endemic (FORZZA et al.,
2012; SIQUEIRA FILHO, 2012). In a study realized by
Beckmann-Cavalcante et al. (2017a) were identified 21
species of the Caatinga with herbaceous habit and potential
for landscaping. Among these species, it was prospected
Rhaphiodon echinus Schauer (Lamiaceae), popularly
known as “beton” or “false mint”. Beckmann-Cavalcante
et al. (2017b) highlighted that this species can be used
for the purpose of groundcover, due to the visibility of
its ornamental structures and rapid filling of space of the
places where they were characterized.

Rhaphiodon echinus 1is herbaceous and considered
a creeping plant, with complete leaves, being arranged
opposite each other. The flowers are small, tapered, violet
color and are gathered in dense axillary glomeruli containing
an average of 20-35 buds (DIAS and KIILL, 2007). The
species can be easily identified in the field by the fruits
arranged in globular and spinescent glomeruli that carry the
diaspores. Naturally it is propagated by seeds; however, the
manual removal of the seeds is difficult by the presence of
the spinescent fruit (MOREIRA and BRAGANCA, 2011).

In this context, vegetative propagation by cutting can be
an option, because it presents simplicity, speed and low cost
in its execution and, being intensively used for propagation
of ornamental plants. This is due to the large number of
seedlings obtained, the use of a small number of matrices,
a reduced area, and the multiplication of genotypes of
interest with great uniformity (HARTMANN et al., 2011).
Despite that, the viability of the commercial propagation of
cuttings depends on the rooting ability of each species, on
the quality of the root system formed and the establishment
of the seedlings in the field (NEVES et al., 2006).

Nevertheless, even if certain species exhibit good
natural rooting ability, the application of synthetic auxins
may provide an increase in rooting percentage. The use
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of plant regulators from auxin class has the purpose of
inducing the process of adventitious root formation,
increasing the percentage of rooted cuttings, the number
and quality of roots formed (TAIZ and ZEIGER, 2013).
The most widely used synthetic auxin source for this
purpose is 3-Indole Butyric Acid (IBA) as it is stable and
immune to biological degradation. However, the results
may vary according to the species and / or cultivar, type
of cuttings, time of year, concentration, application form
and environmental conditions (OINAM et al., 2011;
AMARAL et al., 2012; BECKMANN-CAVALCANTE
et al., 2014).

Considering the potential use of R. echinus, the
objective of this study was to evaluate the vegetative
propagation process in function of the period of cutting in
rooting, cuttings arrangement and IBA concentrations for
seedlings production

2. MATERIAL AND METHODS

The experiment was conducted from May to July 2017
at the geographic coordinates of 09°21°S, 40°34’W and
375 m altitude. According to Koppen classification, the
region presents Bsh climate (dry, semi-arid and with low
latitude and altitude) (ALVARES et al., 2014).

Cuttings were collected in the middle of the creeping
stem and performed early in the morning. The cuttings
came from natural plants population (Figure 1A) conducted
without specific cultural treatments as fertilization,
irrigation, pruning and pest and disease control. After the
cutting of the stem, they were taken to the laboratory for
cuttings standardization, with an average length of 3 *1 cm
and a definitive pair of leaves, being cut in a bevel.

The application of IBA concentrations was performed
as powder (Figure 1B and 1C) before the cutting in the
trays, following the methodology described by Hartmann
et al. (2011). The cuttings were arranged vertically and
horizontally in polystyrene trays with 128 cells containing
vermiculite with medium granulometry as substrate.
The cuttings were vertically arranged in the substrate to
a depth of 1.5 cm or completely covered horizontally in
vermiculite to a depth of 0.5 cm. The trays were suspended
on a bench with a height of 1 m from the soil and were
planted with 50% shading, and irrigation was carried
out daily with a manual pressurized sprayer. During the
period of conduction of the experiment, the climatic data
regarding temperature, relative humidity and precipitation
were monitored daily, with a mean of 25.6 °C, 61.50% and
5.8 mm, respectively.
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CUTTING IN ROOTING, CUTTINGS ARRANGEMENT AND IBA CONCENTRATIONS FOR SEEDLINGS PRODUCTION

Figure 1. General aspects of Rhaphiodon echinus Schauer: (A) plant in the field, showing leaves (A1), creeping
stem (A2), flowers (A3) and fruits (A4); (B) vertical arrangement of cuttings with IBA; (C) horizontal arrangement
of cutting with IBA.

The experiment was carried out in a split-split-plot
design with the period of cutting in rooting in the whole
plot (30 and 60 days), the cuttings arrangement (horizontal
and vertical) in the split-plot and the IBA concentrations
(0; 1,000; 2,000 and 4,000 ppm) in split-split-plot. Four
replicates and eight cuttings were used per repetition,
making a total of 512 cuttings.

At 30 and 60 days after cutting, the evaluation of the
experiment was performed taking into account the survival
cuttings (SC, given by the count of live cuttings by total
cuttings per repetition, in percentage), percentage of
rooted cuttings (PRC, in relation to the total of cuttings
of the repetition, in percentage), number of sprouts per
cuttings (NSC, of live cuttings), average length of the
largest root (LLR, mm), root volume (RV, mm?), shoot
dry biomass (SDB, g) and root dry biomass (RDB, g). To
obtain the dried masses of the shoot and root, the respective
parts were separated and dried in an oven at 70 °C with
forced circulation until reaching a constant mass and then
weighed. For LLR and RV, the roots were conditioned in
plastic bags containing 70% alcohol and stored at + 4 °C.
Subsequently, they were analyzed in the software “Delta-T
Scan”, as recommended by Kirchhof and Pendar (1993).

The data of SC and PRC were transformed by arc
sine x 100", and for NSC the transformation x+k was
used to meet the basic assumptions of the statistics. Data
were submitted to analysis of variance by the “F” test
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to diagnose a significant effect; the period of cutting in
rooting and the arrangement of cuttings were compared
by the Tukey test, while the AIB concentrations were
submitted to quantitative simple regression analysis
according to recommendations of Ferreira (2000), using
the ASSISTAT version 7.7 program (SILVA, 2016) and
SigmaPlot® version 12 (SYSTAT SOFTWARE Inc,
2011), respectively.

3. RESULTS AND DISCUSSION

The results of the analysis of variance showed
significant effect for the interaction between the period of
cutting in rooting versus cuttings arrangement for survival
cuttings (SC) and percentage of rooted cuttings (PRC). For
the interaction of period of cutting in rooting versus IBA
concentrations, a significant effect was observed for shoot
dry biomass (SDB). In relation to cuttings arrangement x
IBA concentrations, a significant effect was observed for
percentage of root cuttings (PRC), number of sprouts per
cuttings (NSC) and root dry biomass (RDB) (Table 1).

Considering the period of cutting in rooting, there was
a significant effect for SC, average length of the largest
root (LLR) and root volume (RV). Regarding the cuttings
arrangement, there was a significant effect for SC, NSC
and RV. For IBA concentrations, a significant effect was
observed for PRC, NSC, LLR, RV and SDB (Table 1).
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Table 1. Summary of the analysis of variance for survival cuttings (SC), percentage of rooted cuttings (PRC), number of sprouts per cuttings (NSC), avarage length of the largest root

(LLR), root volume (RV), shoot dry biomass (SDB) and root dry biomass (RDB) of Rhaphiodon echinus Schauer in function of the period of cutting in rooting, arrangement of cuttings
and IBA concentrations.

Source of variation SC (%) PRC (%) NSC LLR (mm) RV (mm’) SDB (g) RDB (g)
Period of cutting in rooting 24.83 * 6.03 ns 7.70 ns 191.83 ** 14.44 * 0.77 ns 0.29 ns
(PCR)
30 days 61.61 a 44.05a 1.20 ns 121.61 b 152.90 b 0.44 a 0.26 a
60 days 47.86 b 40.51 a 1.30 ns 234.81 a 238.56 a 0.49 a 0.26 a
CV (%) 20.15 13.65 11.07 18.34 46.06 45.72 16.78
Arrangement of cuttings (AC) 46.72 ** 5.53 ns 107.55 ** 1.21 ns 20.03 ** 0.81 ns 5.93 ns
Horizontal 48.01b 39.83 a 1.09b 174.51 a 164.94 b 0.46 a 0.28 a
Vertical 61.46 a 4473 a 142 a 181.91 a 226.52 a 0.48 a 0.24a
CV (%) 14.39 16.69 10.16 15.10 28.12 21.89 27.13
IBA concentrations (IBA) 1.10 ns 522 9.14 ** 5.38 ** 6.08 ** 3.22%* 2.85 ns
CV (%) 15.57 15.95 8.85 37.73 43.57 17.16 24.34
PCR X AC 11.91 * 9.45 * 5.43 ns 2.85 ns 0.57 ns 1.50 ns 4.18 ns
PCR X IBA 1.10 ns 0.17 ns 0.43 ns 0.65 ns 0.13 ns 4.02 * 2.22 ns
AC X IBA 0.33 ns 0.02 * 3.77 * 1.49 ns 1.89 ns 0.45 ns 7.32 **
PCR X AC X IBA 0.97 ns 0.31 ns 0.95 ns 1.04 ns 2.25 ns 2.48 ns 1.03 ns

* and ** = significant at the level of 5 and 1% probability. respectively; ns = not significant; CV = coefficient of variation; IBA = Indole-3-Butyric Acid
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For SC there was no statistical difference between the
cuttings arrangement at 30 days. At 60 days, the vertical
arrangement (58.28%) stood out statistically in relation
to the horizontal (37.74%). When comparing the cuttings
within the period of cutting in rooting, it was observed that

100 ~ A I Horizontal cuttings

% [ Vertical cuttings

80 4
707 aA

60 aA aA
50 4

40 bB

Survival cuttings (%)

30

20 4

30 days 60 days

Period of cutting in rooting

horizontal arrangements were statistically superior to 30
days (58.28%) compared to the 60 days; the highest values
were also observed for the vertical arrangements at 30
days (64.94%), but did not differ from 60 days of cuttings
(57.99%) (Figure 2A).

100 4 . .
B I Horizontal cuttings

90 [ Vertical cuttings

80
70 A
60
50 4 ) aA

aA 2A
40 A

Rooted cuttings (%)

30 4
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0 T T
30 days 60 days

Period of cutting in rooting

Figure 2. Survival cuttings (A) and percentage of rooted cuttings (B) of Rhaphiodon echinus Schauer in func-

tion of the period of cutting in rooting and arrangement of cuttings (horizontal and vertical). Capital letters

compare the arrangement of cuttings between the days (30 and 60) and lowercase letters compare the period of

cutting in rooting inside the days (30 or 60).

For the rooted cuttings, the same tendency was observed
in the results. However, not all live cuttings presented root
or beginnings of roots. The vertical arrangement (43.30%)
presented similar results to horizontal arrangements
(44.81%) at 30 days, but were higher at 60 days (46.16%).
Among the period of cutting in rooting, the horizontal
arrangement (44.81%) was significantly higher at 30 days,
while vertically arranged cuttings were statistically similar
between 30 and 60 days (Figure 2B).

The presence of leaves on the cuttings may have
favored rooting and root formation. The leaves are sites for
synthesis of auxin and carbohydrates and it is expected that
the presence of the leaves on the cuttings favors the survival
and the formation of roots. In addition, it is probable that the
rooting and cuttings survival with leaves are related to the
synthesis of phenolic compounds in the shoot (PACHECO
and FRANCO, 2008). According to Hartmann et al. (2011),
the potential of a stem to roots formation is very variable
with the species, or even with the cultivar.

Considering the interaction of period of cutting in rooting
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and IBA concentrations for SDB, there was no difference
between IBA concentrations for 30 days induction (Figure
3A), while at 60 days the data assumed sigmoidal behavior
(Figure 3B). This demonstrates that application of IBA
stood out from those which not received. Between the
concentrations, the highest value for SDB (0.55 g) was
obtained in 1000 ppm, and the successive increase of
the concentrations caused a reduction in the dry mass of
the shoot system. Probably levels above 1000 ppm have
become toxic, reducing root formation and consequently
shoot growth. According to Taiz and Zeiger (2013), auxin
is largely synthesized in the shoot system and transported
towards the root, while the cytokinin is synthesized at the
root and moves towards the shoot system. Thus, the high
levels of auxin may have caused an inverse effect, reducing
the emission of roots and consequently the shoot growth.
In a study by Paulus et al. (2016), the results showed that
exogenous application of IBA favors the accumulation
of dry shoot mass (0.24 g) of Rosmarinus officinalis
(rosemary) until the concentration of 2500 ppm.
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Figure 3. Shoot dry biomass of Rhaphiodon echinus Schauer at 30 days (A) and 60 days (B)
of induction and IBA concentrations.

For the percentage of rooted cuttings due to the
arrangement of cuttings and IBA concentrations, the both
horizontal (Figure 4A) and vertical arrangement (Figure
4B) presented the same tendency with adjustment to the
sigmoidal model. However, the cuttings in the vertical
arrangement presented higher values than horizontal when
the same concentration of IBA was applied. In general, the
values for PRC were not high, but is noted the importance
of the use of plant growth regulators for rooting, because
in the absence of the application the PRC was below 40%.
The plant growth regulator can accelerate the normal
metabolism and increase the number of beginnings roots,
causing the emission of roots.
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The amount of exogenous auxin for rooting stimulating
or not depends on the species and the concentration of
auxin present in the plant tissue (PAULUS et al., 2016). It
was observed, for example, that IBA concentrations above
2,500 ppm caused a reduction in the rooting percentage of
Rosmarinus officinalis cuttings (PAULUS et al., 2016) and
also for Aloysia triphylla (limon) when IBA concentrations
were above 1500 ppm (PAULUS etal.,2014). So, anadequate
endogenous balance, especially between auxins, gibberellins
and cytokinins, i.e. balance between promoters and inhibitors
of the root initiation process is required for root emission in
cuttings (TAIZ and ZEIGER, 2013). Considering this, the
importance of studies with IBA concentrations is necessary
to verify if a higher percentage can be obtained.
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Figure 4. Horizontal and vertical arrangement of cuttings, respectively, for percentage of rooted
cuttings (A and B), number of sprouts per cuttings (C and D) and root dry biomass (E and F)
of Rhaphiodon echinus Schauer in different IBA concentrations.
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The NSC, both for the horizontal (Figure 4C) and
vertical (Figure 4D) arrangement of cuttings showed a
tendency to reduce the amount of sprouts for each IBA
concentration used. It is observed that the non-application
of IBA favored a better sprouting in cuttings, probably
related to the more pronounced presence of cytokinins
initially, and with increasing IBA applications, there
was a reduction in the number of sprout per cuttings
and, consequently, rooting occurred (FERREIRA and
FERRARI, 2010; HARTMANN et al., 2011; TAIZ and
ZAIGER, 2013). This fact can also be verified in camu-
camu (Myrciaria dubia H. B. K.), in which the application
of IBA did not promote the emission of sprouts, but in its
absence, allowed the highest number of sprout per cuttings
(DELGADO and YUYAMA, 2010).

For RDB, it was observed that in the horizontal
arrangement (Figure 4E) the increase in IBA concentrations
promoted a distinct adjustment to that observed for
vertical cuttings (Figure 4F). For horizontal and vertical
arrangement of cuttings the major RDB obtained was 0.36
g and 0.30 g when 2,000 ppm and no application of IBA
were realized, respectively. With another species of the
Lamiaceae family, Bona et al. (2010) observed that was
no significant difference between IBA applications for dry
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R®=0.74%*

120

T T 1
0 1000 2000 4000

IBA concentrations (ppm)

245

root weight. Probably, this performance is related to the
formation of the shoot system, coming from the sprouts.
It was observed previously that cuttings in the horizontal
arrangement presented opposite adjustment for the NSC
(Figure 4C) when comparing to RDB, resulting from the
competition between both parts (shoot system and root
system) of the cutting, allowing more investment in root
formation.

However, when analyzing the vertical arrangement both
for NSC (Figure 4D) and RDB (Figure 4F) the adjustment
is similar. It can be inferred that a balance has occurred
between the formation of roots and the production of
shoots per cutting. According to Hartmann et al. (2011)
for seedlings quality should be have a balance between the
shoot system and the root system, with a well-developed
root system and no deformations.

Considering the isolated effect of the treatments for both
the LLR and RV, it was observed that the period of cutting
in rooting of 60 days was significantly higher in relation
to 30 days. In the same way, the vertical arrangement of
cuttings was superior to the horizontal ones (Table 1).
Considering the concentrations of IBA, it was observed
that for LLR (Figure 5A) and RV (Figure 5B) there was
influence of concentration 1,000 ppm.

260 1~

240 4 °

220 A

200 °

180
RV =223.2767/(1+exp(-(-19.1533)/44.8112))

R*=0.88*

Root volume (mm®)
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140 4
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T T d
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IBA concentrations (ppm)

Figure 5. Length of the largest root (A) and root volume (B) of Rhaphiodon echinus
Schauer cuttings under different IBA concentrations.

The application of auxin can provide a greater
speed of formation and uniformity of the root system
(HARTMANN et al., 2011; VIGNOLO et al., 2014).
According to Moubayidin et al. (2010), the root growth
occurs when in the apical meristem; cell division prevails
over differentiation, a fact that occurs because there is a
greater concentration of auxins promoting the division than
cytokinins promoting differentiation and also, showed that
the presence of leaves induced favorable balance of auxins.

Seedlings with a longer root length may have a better
survival rate after transplantation compared to those with a
lower root system; however, root volume is also important.
In the first few weeks after transplanting, the conditions
may be adverse and compromise survival, but on the other
hand, the period of time the seedlings stay in the nursery
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also reflects their survival. The period of time between the
formation of the seedling and its transfer to the field should
be considered in order to avoid damage to the roots in the
planting (breaking or folding) as well as to the shoot by the
loss of leaves in the first days after planting (ZACCHEO et
al., 2013; NAVROSKI et al., 2016).

4. CONCLUSIONS

Considering all the analyzed variables, the period of
cutting in rooting of 30 days is the most appropriate for
the rooting process of the cuttings, as well as the vertical
arrangement of the cuttings provides better survival and
rooting. In relation to IBA, the minimum concentration
of 1,000 ppm may be indicated for the production of R.
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echinus seedlings, but other studies should be carried out in
order to increase the rooting percentage.
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