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ABSTRACT
The objective of this study was to evaluate the effect of the concentration of indole-3-butyric acid (IBA) and substrates in the 
rooting of apical cuttings of Angelonia integerrima. Powder IBA was used at the concentrations 0, 500, 1,000, 2,000 and 4,000 mg 
kg-1, and two substrates containing carbonized rice husks (CRH) and commercial substrate based on Sphagnum peat were used. The 
number of rooted cuttings, shoot length, root system length, number of new leaves, root system volume, callus formation at the cutting 
base, and shoot and root dry matter were evaluated. The experimental design was completely randomized with a factorial design (5 IBA 
concentrations x 2 substrates). There were no interactions between the concentrations of IBA and the substrates. There was a difference 
only for the factor substrate. The cuttings presented an average rooting of 79%, with callus formation in 59.4% of them. The CRH 
substrate presented the highest shoot length and the highest number of new leaves. The commercial substrate resulted in a high average 
root volume, a large root length and a great increase in root dry matter. In the rooting by cutting of A. integerrima is not necessary to 
use IBA and the commercial substratum based on peat or CRH can be used.
Keywords: vegetative propagation, floriculture, native ornamental specie.

RESUMO
Enraizamento de estaca apicais de Angelonia integerrina Sprengel: concentrações de ácido indol-3-butírico e substratos

O objetivo do trabalho foi avaliar o efeito da concentração de ácido indol-3-butírico (AIB) e substratos no enraizamento de estacas 
apicais de Angelonia integerrima. Utilizou-se AIB em pó, nas concentrações de 0, 500, 1000, 2000 e 4000 mg kg-1 e dois substratos: 
casca de arroz carbonizada (CAC) e substrato comercial a base de turfa de Sphagnum. Avaliou-se: número de estacas enraizadas, 
comprimento da parte aérea e do sistema radicular, número de folhas novas, volume do sistema radicular, formação de calo na 
base da estaca, massa seca da parte aérea e do sistema radicular. O delineamento experimental foi inteiramente casualizado, em 
esquema fatorial (5 concentrações de AIB x 2 substratos). Não houve interação entre as concentrações de AIB e substratos, somente 
houve diferença para o fator substrato. As estacas apresentaram enraizamento médio de 79%, com formação de calo em 59,4%. O 
substrato CAC promoveu maior comprimento da parte aérea e maior número de folhas novas. O substrato comercial proporcionou 
maior volume médio de raiz, maior comprimento de raiz e maior incremento de massa seca radicular. No enraizamento por estaquia 
de A. integerrima não é necessário usar AIb e pode-se utilizar o substrato comercial à base de turfa ou a CAC.
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1. INTRODUCTION

The genus Angelonia originates in the Neotropical 
region, which covers the area from central Mexico to the 
southern tip of South America (BOFF et al., 2014). The 
emergence of different species is not yet fully understood 
(PLASCHIL and OLBRICHT, 2008; GOSCH et al., 2014), 
with report of approximately 50 species (TROPICOS, 
2018), and differences related to the shape and color 
of the flower, ranging between blue, violet, white and 
pink (GOSCH et al., 2014). The genus can be found 
in all Brazilian biomes and in the most diverse types of 
vegetation, including Caatinga, Altitude Field, Clean Field, 

Rupestrian Field, Cerrado, Dryland Forest, Ombrophilous 
Forest and Restinga, being registered 18 species in Brazil 
(REFLORA, 2018).

Angelonia integerrima Sprengel is known by the 
popular name of ‘violeta-do-campo’ (field violet) or 
Angelonia, being an herbaceous and perennial species, up 
to 40 cm high, occurring in rock outcrops and stony fields. 
The stem color is burgundy, with oblong and opposing 
leaves. The flowers are arranged in terminal branches, 
with white to light lilac coloration, with some purple tint. 
Flowering occurs from October to March. This species has 
ornamental potential, as it can be cultivated in flower beds, 
flower boxes and pots, as well as used as a complement 
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in floral arrangements (BURKART, 1979; STUMPF et al., 
2009). There are no reports of A. integerrima propagation 
to date, but vegetative propagation may be an alternative.

Asexual propagation, also called vegetative propagation, 
occurs through the multiplication of plants from any plant 
structure capable of forming roots (KÄMPF, 2005). It 
consists in the multiplication of plants by a process that does 
not involve gametes, but rather from the potentiality of the 
cell to regenerate a plant (BARBOSA and LOPES, 2007).

Regarding the asexual production of seedlings, the 
advantages are the possibility of obtaining individuals 
with greater fidelity to the phenotypic characteristics of 
the mother plant, greater seedling production rate, giving 
a higher precocity to the plants produced, and eventual 
fixation of desired somatic variations (KÄMPF, 2005; 
NEVES et al., 2006; GROLLI, 2008). However, for using 
mother plants for the supply of propagating material, it is 
necessary to maintain them in an appropriate place with 
adequate management. Some cutting-propagated species 
have disadvantages, such as lower multiplication rate and 
higher risk of transmission of vascular, bacterial and viral 
diseases (KÄMPF, 2005; GROLLI, 2008).

In many species, it is difficult to induce the formation of 
adventitious roots, which decreases the rooting percentage, 
since cuttings at different physiological maturity points 
show a different behavior in relation to rooting. In this 
context, the use of auxins may help this process, being a 
very common practice (NEVES et al., 2006). The rooting of 
cuttings is a genetically controlled phenomenon and requires 
the presence of auxin, which induces the formation of the 
root primordia. There is often an unbalance in the natural 
levels of this hormone, so it is necessary to use regulators 
exogenous to the plant, for instance, synthetic auxins such 
as indole butyric acid (IBA) and naphthaleneacetic acid 
(NAA) (PAIVA et al., 2005).

Younger cuttings have higher concentrations of natural 
auxin, so a lower number of exogenous regulators can be 
provided to induce the rooting process. Pruning can be 
used as a form of rejuvenation to obtain new cuttings, as 
the dedifferentiation process occurs with the formation of 
buds (NEVES et al., 2006).

In the production of seedlings by cutting, the choice of 
a suitable substrate is of fundamental importance. It must 
provide enough water to avoid cutting dewatering, and 
facilitate the supply of oxygen, with adequate pore space, 
to begin the process of root formation (YAMAMOTO et 
al., 2013).

It is also noteworthy the growth habit of many species 
of Angelonia, such as Angelonia cornigera Hook.; besides 
being an herbaceous species, its shoots occur just above 
the ground, and the stem emission above ground level 
occurs at flowering, that is, this stem gives rise to the 
inflorescence, then senesces and dies, however new shoots 
sprout from the base of the plant, which will again flourish 
(MACHADO et al., 2002). This same behavior was verified 
for A. integerrima, although not described in the scientific 
literature. In this sense, to evaluate propagation techniques 
of these species is fundamental for the conservation thereof, 
and is also a way of divulging the natural patrimony of a 
region (BARROSO et al., 2009), in addition to being 

a source of information to technicians and producers 
regarding seedling production.

In recent years, there has been a constant search for 
new species with ornamental potential (BECKMANN-
CAVALCANTE et al., 2014). To date, there is no information 
on the commercial exploitation of A. integerrima, as well 
as no information on its propagation was found in the 
literature. Given that it is a promising species to be used 
in floriculture, it is important to know how to propagate 
it, since its seeds did not germinate through conventional 
methods in multicellular trays with substrate, in tests 
performed prior to this work. Therefore, the objective of 
the present work was to evaluate the effect of indole-3-
butyric acid concentration and substrates in the rooting of 
apical cuttings of A. integerrima.

2. MATERIAL AND METHODS

Mother plants from in vitro seeding of propagating 
material collected in situ in the municipality of Barão 
do Triunfo (RS) were cultivated in 5L pots, containing 
Carolina Soil® commercial substrate. The plants were kept 
in a drip irrigation system and were fertilized biweekly 
with 2 g L-1 of Kristalon yellow® (NPK: 6-12-36), applied 
by fertigation at a volume of 50 mL per plant.

At 5 months of cultivation, a drastic pruning was 
performed in the plants to stimulate sprouting. After 30 
days, the apical cuttings were collected, being standardized 
for 6 ± 0.5 cm in length and two buds (each one protected 
by a leaf), which were cut remaining at half the initial size. 
During and after the preparation of the cuttings, they were 
kept submerged in water to avoid dehydration and oxidation 
of the plant material. The basal end of each cutting was 
cut into a beveled shape and then placed in contact with 
powdered IBA, being diluted with talc (Pó Pelotense®) 
to the concentrations of 0 (control), 500, 1,000, 2,000 
and 4,000 mg kg-1. Subsequently, they were immediately 
transferred to multicellular polypropylene trays containing 
50 cells with 100 mL volume each, which were filled by two 
different substrates: a) carbonized rice husk (CRH); and b) 
commercial substrate containing Sphagnum peat, expanded 
vermiculite, CRH, dolomitic limestone, agricultural 
gypsum and NPK fertilizer (Carolina Soil®). The physical 
and chemical analysis of the substrates was performed by 
according to IN No. 17, May 21, 2007 (BRASIL, 2007).

The cuttings were inserted into the substrate at 
approximately 1 cm depth and then taken to a nebulization 
chamber, which had intermittent nebulization, controlled 
by timer, in nebulization cycles of 15 seconds every 5 
minutes, with relative humidity higher than 90%.

The period of the experiment was from January 26 
to April 11, 2016, with the cuttings remaining in the 
nebulization chamber all the time. The recorded average 
temperatures of the period were 25.1 °C (medium), 29.6 °C 
(maximum) and 20.7 °C (minimum).

The following evaluations were performed at 76 days 
after the installation of the experiment: number of rooted 
cuttings, length of shoots and roots, number of new leaves, 
root volume, callus formation at the base of the cutting, 
dry mass of shoots and roots. The length of shoots and 
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roots were obtained with the aid of a millimeter ruler. 
Root volume was obtained through the volume of water 
displaced, from a known volume. Roots and shoots were 
oven dried at 65 ± 5 °C until constant weight and then 
weighed on a precision scale.

The experimental design was completely randomized, 
in a 5 x 2 factorial scheme (5 IBA concentrations x 2 
substrates), with five replicates of ten cuttings per plot. 
The data were submitted to analysis of variance (ANOVA) 
and subsequently the means were compared by the Tukey 
test at 5% probability of error, using the SigmaPlot 11.0 

software. The callus percentage data did not meet ANOVA 
assumptions and were transformed to x2.

3. RESULTS AND DISCUSSION

The analysis of variance showed that, for all 
analyzed variables, there was no interaction between 
IBA concentrations and the substrates tested (Table 1). 
There was also no statistical difference for the different 
variables analyzed with respect to IBA concentrations, with 
difference only for the substrate factor (Table 1).

Table 1. Analysis of variance of the cutting of Angelonia integerrima Sprengel, submitted to different concentrations of 
IBA and substrates.

Variables Analyzed Substrate P value IBA concentration P value Interaction P value CV (%)

Rooting (%)   0.53 0.22 0.46 8.60

Callus (%) <0.01 0.33 0.45 31.4

Length of shoots  (cm) <0.01 0.88 0.88 23.4

Length of roots (cm)   0.01 0.73 0.32 6.40

Number of new leaves <0.01 0.85 0.52 39.4

Root volume (mL)   0.01 0.57 0.85 22.9

Dry mass of shoots (g) 0.81 0.72 0.90 11.5

Dry mass of roots (g) <0.01 0.56 0.96 31.8
CV = coefficient of variation

The cuttings had a mean rooting of 79%, with no 
statistical difference for the substrates and the concentrations 

of the growth regulators used (Table 2), showing that 
Angelonia shows rooting at high rates of apical cuttings. 

Table 2. Influence of concentrations of indole-3-butyric acid (IBA) and substrates on the rooting percentage R (%), on the 
percentage of callus formation Callus (%), shoot length (SL), root length (RL), number of new leaves (number of NL), 
root volume (RV), dry mass of shoot (DMS) and roots (DMR) of Angelonia integerrima Sprengel cutting.

Concentration IBA 
(mg kg-1) R (%) Callus (%)   SL (cm) RL (cm) Number of NL RV (mL) DMS (g) DMR (g)

0 71 a 70 a 9.16 a 9.89 a 8.49 a 0.33 a 0.13 a 0.04 a

500 83a 58a 9.79a 9.90a 8.81a 0.30a 0.12a 0.04a

1000 77a 49a 9.02a 9.73a 8.30a 0.26a 0.10a 0.03a

2000 86a 55a 10.12a 9.70a 9.40a 0.33a 0.14a 0.04a

4000 80a 65a 9.51a 10.35a 9.01a 0.28a 0.12a 0.04a

Average 79.4 59.4 9.52 9.91 8.80 0.30 0.12a 0.04

Substrate                

CRH1 78.1a 34.7 b 11.56 a 9.49 b 12.02 a 0.24 b 0.12a 0.03 b

Commercial2 80.7a 84.1 a 7.48 b 10.34 a 5.59 b 0.36 a 0.12a       0.05 a

Average 79.4 - - - - - 0.12 -
1CRH = carbonizer rice husks; 2Commercial substrate based on Sphagnum peat; averages followed by distinct letters in the column differ from each 
other by the Tukey test at 5% probability of error.
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This suggests that this species has sufficient endogenous 
levels of auxin, since the formation of adventitious roots, 
through the cutting process, occurs from differentiated 
cells that divide themselves and later develop the apical 
meristem of the root (TAIZ and ZEIGER, 2013). Leaves or 
stem cuttings begin to form adventitious roots near the cut 
region, due to the IAA accumulation occurring in the site, 
resulting from the interruption in the polar transport of this 
auxin (KERBAUY, 2013).

In the cultivation of Podranea ricasoliana (Tanfani) 
Sprague, the authors also did not verify difference in the 
rooting of cuttings when using IBA, reaching an average 
rooting of 45.2% (TEDESCO et al., 2016). In the cultivation 
of Sinningia lineata (Hjelmq.) Chautems, 100% rooting of 
cuttings was verified (BARROSO et al., 2009), showing 
that this variable is species dependent.

In cuttings of Aloysia gratissima (Gillies and Hook.) 
Tronc., a higher rooting percentage was observed in 
herbaceous cuttings, as they showed higher retention 
of leaves when compared to semi-woody cuttings, with 
leaves being an endogenous source of auxin (SANTOS et 
al., 2009). As in this work, the same amount of buds and 
leaves per cutting was kept, and so this may explain the fact 
that there was no difference in the rooting percentage, even 
with the supply of exogenous auxin, probably because the 
species has this phytohormone in sufficient levels, since it 
presented rooting without the need of IBA.

For the substrate factor, in the vegetative propagation 
of Oncimum selloi (Benth), a native medicinal species, 
the authors also did not verify difference in the rooting 
percentage when using CRH, washed sand and a commercial 
substrate (COSTA et al., 2007). In cuttings of Baccharis 
trimera (Less.), different substrates were also tested, 
among them CRH, not showing differences in relation to 
the rooting percentage (BONA et al., 2005). These results 
are in accordance with the present work, indicating that the 
species is not demanding with respect to the characteristics 
of the substrates.

Another important variable is the root volume. In 
this work, it did not present differences for the different 
concentrations of IBA, but it is important to emphasize 
that the regulators can also influence the quality of the root 
system (FACHINELLO et al., 2005), which will have a 

direct relation with seedling development, as well as with 
their survival at transplant (LIMA and OHASHI, 2016), 
consequently presenting faster and more vigorous growth 
(REIS et al., 2000). Similar results were obtained in the 
rooting of Campomanesia aurea O. Berg cuttings, where 
IBA also had no influence on root system quality (EMER 
et al., 2016). Moreover, in cuttings of Mikania micrantha 
Kunth (FERRIANI et al., 2007) and Jasminum mesnyi 
Hanceos (ALTHAUS et al., 2007), the authors found that 
the use of synthetic auxin increased the length of the roots 
formed, influencing their quality.

Callus formation occurred in 59.4% of the cuttings, 
and the peat-based substrate promoted 2.4 times greater 
callus formation when compared to CRH (Table 2). In 
some species, callus formation at the base of the cuttings 
may serve as a physical barrier for root development, 
while in others it may represent the beginning of 
adventitious root formation (FACHINELLO et al., 2005). 
In the present work, callus may have been the precursor of 
root formation, since rooted cuttings were obtained with 
the presence of callus.

The CRH substrate increased about 1.5 times in shoot 
length when compared to the peat-based substrate and was 
also higher (by more than twice) the mean number of roots 
formed (Table 2). Notwithstanding, the variable dry mass 
of shoots presented no statistical difference, with a general 
average of 0.12 g (Table 2). Even though the CRH substrate 
favored a larger shoot length, this did not influence dry mass 
accumulation, since it had a low concentration of salts, 
which may affect the initial development of the cuttings.

CRH can be used purely in the rooting of cuttings or in 
mixture with other materials, since it presents low density 
and low water retention capacity, in addition to providing 
good aeration, due to the high percentage of macropores 
(KÄMPF, 2005). It promotes rapid and efficient drainage 
(KÄMPF, 2005), given that organs such as roots present 
intense respiration (KERBAUY, 2013), so the need 
to provide a substrate that shows adequate physical 
characteristics, which considers the aeration space (AS).

The physical analysis of CRH (Table 3) showed that it 
had total porosity (TP) of 71.6% and aeration space (AS) 
of 47.7%, while the commercial substrate had 82.8 and 
33.3%, respectively. 

Table 3. Chemical and physical analysis of the substrates used in rooting of Angelonia integerrima Sprengel.

Variables CRH1 Commercial2

pH 7.49 6.15

EC (mS cm-¹) 0.13 0.35

WD (%) 71.56 82.78

AS (%) 47.72 33.26

WA (%) 14.57 19.52

WR (%) 9.28 30.00
1CRH = carbonized rice husks; 2Commercial substrate; pH = potential of hydrogen; EC = electric conductivity; WD = wet density; AS = aeration space; 
WA = water available; WR = water remaining.
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The TP comprises micro and macropores, the former 
retaining the water and the latter being responsible for 
its infiltration and subsequent drainage, with consequent 
aeration of the medium (DRZAL et al., 1999), so the ideal 
substrate presenting a value of 85% TP (DE BOODT and 
VERDONCK, 1972). Regarding chemical characteristics, 
the CRH presented a pH value close to neutrality (7.49) and 
EC of 0.13 mS cm-1.

In Rhododendron simsii Planch. rooting of the cuttings, 
when using different substrates, it was verified that CRH 
and vermiculite provided a greater number of leaves, 
whereas coconut fiber had the lowest values ​​for this 
variable (LONE et al., 2010). The same can be observed 
for this work, since the CRH presented a larger number of 
leaves when compared with the commercial substrate.

The peat-based substrate provided and in increase in 
root volume of 1.5 times the one verified for substrate 
CRH (Table 2). As for root length, the peat-based substrate 
had increased by 10% the value when compared to CRH. 
However, for the variable dry mass of roots, the commercial 
substrate presented results 60% higher than CRH (Table 2).

The peat can be used pure or in mixtures to aid in the 
improvement of physical or chemical characteristics of the 
substrates (KÄMPF, 2005). The substrate may influence 
the quality of the roots formed (FACHINELLO et al., 
2005). In the present work, it was observed that the peat-
based commercial substrate provided higher mean volume, 
length and dry mass of roots. This substrate has basic NPK 
fertilization in its composition, with EC of 0.35 mS cm-1 
and pH of 6.15. Such a fact may have contributed to a 
better quality of the root system, as it is directly related 
with the survival of plants at transplant and subsequent 
development, due to the greater ability to absorb water and 
nutrients (SANTORO et al., 2010).

Cloning is a method that can be used by growers to 
produce seedlings; they can keep selected mother plants in 
the greenhouse, which will provide the material needed for 
propagation. This work is a precursor, since it was verified 
that it is possible to perform the cloning of A. integerrima 
of the cutting method, even though the apical cuttings will 
give rise to inflorescences. It is not necessary to use IBA, 
since the species showed a satisfactory rooting.

4. CONCLUSIONS

The process of rooting of Angelonia integerrima 
cuttings is feasible for the conditions of this work, not being 
necessary to use IBA. Peat-based commercial substrate or 
carbonized rice husk can be used.
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