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ABSTRACT

Buxus sempervirens L., popularly known as boxwood, is a woody shrub widely used in gardening and landscaping. One of the
most important factors for B. sempervirens commercial production is its propagation. The objective of this study was to evaluate
the effect of indolebutyric acid (IBA) concentrations on the adventitious rooting of semihardwood stem cuttings of the species.
Branches with new shoots were collected from stock plants with approximately 17 years of growth. Stem cuttings of six centimeters
in length with two leaves in the upper region were made with a straight cut at the apex and a bevel cut at the base. Cuttings bases
were immersed for 10 seconds in hydroalcoholic solutions (50% v v') with IBA at 0, 1500, 3,000 or 6,000 mg L. The cuttings were
evaluated at 64 and 116 days after planting. Rooting, mortality, callus formation and sprouting percentages as well as root number
and root length were measured. At 64 days, no significant percentage of rooting was observed in B. sempervirens stem cuttings and
sprouting and callus formation were not significantly affected by the treatments. Keeping the cuttings in the greenhouse for 116
days led to rooting rates up to a 97.5%, with no statistical difference among treatments. Root lengths and root numbers did not differ
as a function of treatments. The required period for B. sempervirens stem cuttings rooting is around 116 days; IBA application does
not affect rooting, survival or sprouting of B. sempervirens stem cuttings.
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RESUMO
Acido indolbutirico na propagacio de buxinho a partir de estacas caulinares

Buxus sempervirens L., popularmente conhecido como buxinho, é um arbusto lenhoso amplamente utilizado na jardinagem e
paisagismo. Um dos fatores mais importantes para a producdo comercial de B. sempervirens ¢ a sua propagacdo. O objetivo deste
trabalho foi avaliar o efeito das concentragdes de acido indolbutirico (AIB) no enraizamento adventicio de estacas semilenhosas
da espécie. Ramos com brotagdes do ano foram coletados de plantas com aproximadamente 17 anos de idade. As estacas foram
confeccionadas com 6 cm de comprimento, contendo 2 folhas na regido apical, com corte reto no apice e corte em bisel na base. A
base das estacas foi imersa por 10 segundos em solugdes hidroalcoodlicas (50% v v'') com AIB nas concentragdes de 0, 1.500, 3.000
e 6.000 mg L'. As estacas foram avaliadas aos: 64 e 116 dias ap6s o plantio. Foram avaliadas as porcentagens de enraizamento,
mortalidade, formagdo de calos e brotacdao, nimero de raizes e comprimento médio das raizes. Na primeira avaliacdo, aos 64 dias,
ndo se observou porcentagem significativa de enraizamento nas estacas de B. sempervirens, e a formag@o de calos e brotagdes ndo
foi significativamente afetada pelos tratamentos. A manutencdo das estacas na casa de vegetagdo por 116 dias proporcionou uma
taxa de enraizamento de até 97,5%, ndo havendo diferenca estatistica entre os tratamentos. O comprimento das raizes e o nimero
de raizes nao diferiram em fung@o dos tratamentos. O periodo requerido para o enraizamento de estacas de B. sempervirens ¢ de
aproximadamente 116 dias. A aplicagdo de AIB nao afeta o enraizamento, sobrevivéncia e brotagdo em estacas de B. sempervirens.
Palavras-chave: auxina; Buxus sempervirens L.; enraizamento; propagacdo vegetativa.

1. INTRODUCTION it is a perennial, compact, symmetric and slow-growing

plant (7 to 15 cm per year), it is very widespread and used

Buxus sempervirens L. (Buxaceae), popularly known
as boxwood, is a native species from the Mediterranean,
East and China regions. It is a woody shrub, 2 to 5 m high,
with narrow-oval, coriaceous bright leaves, widely used in
gardening and landscaping (LORENZI et al., 2013). Since

for topiary, exerting an important ornamental value in
varied landscape functions (NIEMIERA, 2012).

There are also reports of this species use for medicinal
purposes. Alkaloids extracted from the plant presented
antioxidant, antiprotozoal, and cholinesterase and
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tyrosinase inhibitor activities (ACAR et al., 2007; ORHAN
et al., 2012). Extracts from the plant were also reported as
alternatives for complementary treatment of asymptomatic
HIV virus carriers (DURANT et al., 1998).

One of the most important factors for B. sempervirens
commercial production is the propagation. Vegetative
propagation stands out for the maintenance of genetic
characteristics of stock plants, uniformity and production
precocity (SMARSI et al., 2008). Among the vegetative
propagation methods, the propagation by stem cutting
is characterized by its operational simplicity and low
cost compared to other methods, as well as by its easy
execution (HARTMANN et al., 2011; NUNES GOMES
and KRINSKI, 2016b).

The process of adventitious rooting in stem cuttings is
influenced by several factors, among them the application
of plant growth regulators, a practice that has been very
useful in the propagation of commercially important plants
(BASTOS et al., 2004; TAIZ and ZEIGER, 2013). For
commercial purposes, indolebutyric acid (IBA) is one of
the main synthetic auxins used to promote root formation in
cuttings (HARTMANN et al., 2011). The knowledge about
the rooting capacity of plant species and their response to
plant growth regulators allows obtaining more satisfactory
results for plant propagation (FACHINELLO et al., 2005).

Although it is a very widespread species in
Brazilian landscaping, scientific data on B. sempervirens
propagation are still scarce, especially those regarding
the use of plant growth regulators and the time required
to rhizogenesis on stem cuttings. Providing these
information is important in economic terms, since the use
of synthetic auxins may be currently used unnecessarily or
in disproportionate concentrations and the plants may be
kept under greenhouse conditions for a longer period than
is necessary for the regeneration of root and shoot tissues.
In scientific terms, it is important to understand how
the species responds physiologically when treated with
synthetic auxin and the time required for the responses.
Considering the above, the present study evaluated the
effects of IBA concentrations on the adventitious rooting
of semihardwood stem cuttings of B. sempervirens in two
periods under greenhouse conditions.

2. MATERIAL AND METHODS

The plant material was collected on August 2016 in the
municipality of Curitiba, state of Parana, Brazil (coordinates:
25°24°537S, 49°18°12”W, 934.6 m altitude).The climate of
the region is classified as cfb (temperate with oceanic origin
precipitation) without dry season, with fresh summers and
moderate winter, according to the K&ppen classification.

Branches with new shoots (late winter) were collected
from 12 Buxus sempervirens stock plants (clones of a
same plant) with approximately 17 years of growth. The
plant material was collected at six o’clock in the morning,
sprayed with water and conditioned in plastic bags to be
transported to the Plant Macropropagation laboratory at
the Federal University of Parana, Curitiba, Brazil, where
the cuttings were made. The plant material remained in
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the bags for about two hours until the stem cuttings were
prepared. The experiment was carried out in a greenhouse
at the Department of Botany, in the Biological Sciences
Sector of the Federal University of Parana, Curitiba, Brazil.

The stem cuttings were made with 6 cm length and
approximately 2.8 + 0.1 mm diameter. The cuttings were
prepared with 2 leaves in the upper region, with a straight
cut at the apex and a bevel cut at the base. After the
preparation, the cuttings were disinfested for 10 minutes in
solution with 0.5% sodium hypochlorite and then washed
in running water for 5 minutes. After this procedure, the
cuttings bases were immersed for 10 s in hydroalcoholic
solutions (50% v v') with indolebutyric acid (IBA) at
concentrations 0; 1,500; 3,000 and 6,000 mg L.

The cuttings were planted in polypropylene tubes (53
cm?® volume) containing fine granulometry vermiculite,
previously moistened. During the experiment, the cuttings
remained in a greenhouse with intermittent misting, with
80% relative humidity, temperature between 20 and 30
°C and 50% shading provided by the use of reflective
aluminized shade fabric (Aluminet).

The experiment was installed in a completely
randomized design, with 4 treatments and 4 replications
with 20 cuttings as experimental unit, totalizing 320 stem
cuttings in the experiment. The cuttings were evaluated
in two periods: 64 and 116 days after planting. Rooting,
mortality, callus formation and sprouting percentages as
well as roots number and roots length (average of three
largest roots) were measured.

Data were subjected to variance homogeneity analysis
according to Bartlett’s test. When homogenous, data
were submitted to variance analysis (ANOVA) and, when
significant, means where compared by the Tukey test at 5%
probability. The statistical software Assistat 7.7 (SILVA
and AZEVEDO, 2016) was used to perform these analyses.

3. RESULTS AND DISCUSSION

On the first evaluation at 64 days, no significant
percentage of rooting was observed in B. sempervirens
stem cuttings. Notwithstanding, the fact that 100% of
the cuttings were alive on this occasion, allowed them to
remain in the greenhouse for a longer period of time.

Unlike the results obtained in this study, Takata et al.
(2012) reported 55.8% rooting in Duranta repens L. stem
cuttings at 15 days after planting and 100% rooting after 30
days. Similarly, Loss et al. (2008) reported 52.8% rooting in
Allamanda cathartica L. cuttings at 14 days. These findings
reinforce the need to study rooting dynamics on each species,
since genetic characteristics can define the speed and potential
for rooting in stem cuttings (OLIVEIRA et al., 2015).

The high survival percentage at 64 days might be related
to the genus Buxus phytochemical, morphological and
anatomical characteristics, which are extremely important
for its climatic adaptation. According to Hormaetxe et al.
(2007) B. sempervirens leaves have a photo-protective
mechanism involving carotenoid related action in response
to stress factors during summer. Such peculiarities are
extremely important for this species propagation, since
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them allow cuttings survival rates to remain stable under
greenhouse environmental conditions.

According to statistical analysis, IBA concentrations
did not cause significant differences for any of the evaluated
variables (Table 1). At 64 days, low sprouting percentages
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were observed (maximum 43.75%). Sprouting is an
important characteristic for yielding quality plants, since
the presence of new shoots is essential for plant nutrition
after the depletion of cutting reserves (NUNES GOMES
and KRINSKI, 2016a).

Table 1. Percentages of Buxus sempervirens stem cuttings alive with callus, alive without callus formation
and sprouting as a function of different concentrations of indolebutyric acid (IBA), at 64 days after planting.

IBA Alive with callus
(mg L) (%)
0 88.75
1,500 90.00
3,000 90.00
6,000 97.50
F-test value 0.97m
CV (%) 8.88
Bartlett test (%) 5.96™

Alive without Sprouting
callus (%) (%)
11.25 37.50
10.00 38.75
10.00 41.25
2.50 43.75
0.97" 0.17m
96.39 32.67
5.96" 0.95m

Means followed by the same letter in the column do not differ statistically by the Tukey test at 5% probability. "™: non-significant (when applied to the

Bartlett test, non-significance indicate homogenous variances — HO non-rejected).

The high percentage of cuttings with callus formation
in all treatments (from 88.75% to 97.5%) at 64 days
may suggest that B. sempervirens cuttings emit roots
from callus. In Ginkgo Biloba, Bitencourt et al. (2007)
observed that callus formation is a fundamental condition
for the formation of adventitious roots in stem cuttings. In
Maytenus ilicifolia Mart. Ex Reissek, however Lima et al.
(2009) observed that callus formation does not occur in all
minicuttings, confirming that it is not a prerequisite for root
initiation.

Fachinello et al. (2005) stated that in most cases callus
formation and adventitious root emission in stem cuttings
are influenced by the same factors, which may lead them to
occur simultaneously without being related to each other. The
authors emphasize that the dependence on callus formation
for adventitious root emission is a peculiarity of some species
and not a general rule. Nevertheless, according to Bitencourt
etal. (2010), in species that present difficulty on adventitious
rooting, the callus formation usually occurs before rooting,
which means that a longer period of time in the greenhouse
will possibly result in higher percentages of root formation
on such cuttings. The presence of callus in this context can
be considered an indicator of a suitable rooting environment
(NUNES GOMES and KRINSKI, 2016b).

Although B. sempervirens stem cuttings are considered
to be easily rooted because they do not present anatomical
barriers that prevent the formation of adventitious roots
(GONZALEZ and DIAZ, 1986), B. sempervirens shows
excessively slow growth, which may explain why 64
days were not enough to observe root formation. In other
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species, it was also observed that a 60-day period was not
enough for rooting. For Drimys brasiliensis rooting was
only observed after 120 days from planting (ZEM et al.,
2015), the same was reported for Caesalpinia echinata
Lam (ENDRES et al., 2007).

In the present study, the longer maintenance of the
cuttings in the greenhouse, allowed a 97.5% rooting rate,
with no statistical difference between the treatments (Table
2). These responses show that, regardless of the IBA
treatments, the stem cuttings have high rooting capacity, thus
confirming that the fundamental issue in B. sempervirens
vegetative propagation refers mainly to the required period
for rooting and not to the supply of exogenous auxins. The
fact that only apical cuttings were used in this experiment
may also be an important factor contributing to high rooting
percentages. In Stevia rebaudiana propagation, the use of
apical cuttings is the most recommended because these
cuttings present the highest concentrations of endogenous
auxins (PIGATTO et al., 2018).

Similarly as observed in this study, the use of IBA did
not affect the rooting of Jasminum polyanthum (SILVA
et al.,, 2012), Drimys brasiliensis (ZEM et al., 2015),
Campomanesia aurea O. Berg (EMER et al., 2016) and
Varronia curassavica Jacq (BISCHOFF et al., 2017).

It was observed in the present study that callus
formation preceded root emission in 97.7% of the cuttings,
which may indicate that the species presents indirect
rhizogenesis. However, no supporting data were found in
current literature to describe the peculiar characteristics of
calogenesis and root formation in B. sempervirens.
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Table 2. Rooting, root number, average root length (ARL), callus and sprouting formation percentages in Buxus
sempervirens stem cuttings as a function of indolebutyric acid (IBA) concentrations at 116 days after planting.

(nf:i") thoo/tl)ng Root number
0 97.50 3.73
1,500 91.25 3.50
3,000 97.50 3.56
6,000 97.50 3.66
Valor de F 1.93m 0.29
CV (%) 4.70 10.53
Bartlett test (%) 4.36" 0.22m

ARL Callus Sprouting
(mm) (%) (%)
25.45 95.00 51.25
22.48 95.00 61.25
21.46 92.50 60.00
24.47 97.50 55.00
0.97" 0.40" 0.45"
15.77 6.79 24.28
2.29m 4.09™ 0.02"

Means followed by the same letter in the column do not differ statistically by the Tukey test at 5% probability. ™: non-significant (when applied to the

Bartlett test, non-significance indicate homogenous variances — HO non-rejected).

Average root length and root number did not differ
according to the treatments. Regarding root number, the
values were relatively low (maximum 3.73 per cutting),
which may characterize the low mitotic activity of the
species. A similar result was observed by Zem et al. (2015),
who obtained a maximum of 3.61 roots in semihardwood
Drimys brasiliensis stem cuttings.

At 116 days from planting, no statistically significant
difference was observed for cutting sprouting (maximum
60%). In a study with Myrciaria dubia stem cuttings,
Delgado and Yuyama (2010) showed that the species
presents high rooting rates due to the fact that root formation
occurs before sprouting. This behavior, according to the
authors, allows the cuttings to allocate their reserves for
root formation instead of sprouting. In the present study,
however, the shoot development prior to root formation
did not impair adventitious rooting, implying that in
B. sempervirens root and shoot system formations are
independent.

Buxus sempervirens propagation through stem cuttings
is a valid alternative for its commercial propagation.
However, future studies with rejuvenation techniques may
be advantageous as they might allow keeping the cuttings
in the greenhouse environment for a shorter period of time.

4. CONCLUSIONS

Buxus sempervirens stem cuttings can be considered
easy to root in a greenhouse environment. The required
period for rooting is around 116 days. The species does not
present root formation at 64 days.

IBA treatments at 1,500; 3,000 and 6,000 mg L' do not
affect rooting, survival and sprouting of B. sempervirens
stem cuttings.

Buxus sempervirens L. stem cuttings undergo indirect
rhizogenesis.
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