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ABSTRACT

Some vegetables have been used as an innovation in the
ornamental plant market, such as cauliflower, which has well-defined
morphological traits. This study aimed to evaluate the effect of
paclobutrazol, applied via soil, in order to produce cauliflower for
ornamental purposes. The design used was completely randomized
with five treatments and seven replicates. The treatments consisted
of doses of the growth regulator paclobutrazol (PBZ) (0.5; 1.0; 1.5;
2.0 mg dm?) and the control (without application). For vegetative
growth, we evaluated number of leaves, stem diameter, plant height,
leaf area, total chlorophyll, flavonoid index, and nitrogen balance. For
production, we evaluated fresh mass of shoot and root, fresh and dry
weight, diameter and length of the inflorescences. The application
of PBZ promoted significant changes in the development of the
cauliflower, resulting in more compact plants, with shorter stems,
smaller leaves and a more intense green color (visual observation),
and also early inflorescence emission. The authors verified higher
fresh and dry weight, diameter and longer inflorescence with
application of 0.5 mg dm™ of PBZ, demonstrating the potential of
PBZ to obtain mini cauliflower to serve the potted plant market.

Keywords: Brassica oleracea var. botrytis, ornamental plants,
paclobutrazol, floriculture.

RESUMO

Producido de couve-flor ornamental com uso de regulador
de crescimento

Algumas hortaligas vém sendo utilizadas como uma inovagéo
no mercado de plantas ornamentais, dentre elas a couve-flor, com
caracteristicas morfologicas bem definidas. Neste estudo objetivou-
se avaliar o efeito do paclobutrazol, aplicado via solo, na produgio
da couve-flor para fim ornamental. O delineamento utilizado foi
inteiramente casualizado com cinco tratamentos e sete repetigdes.
Os tratamentos foram constituidos pelas doses do regulador de
crescimento paclobutrazol (PBZ) (0,5; 1,0; 1,5; 2,0 mg dm?) e
a testemunha sem aplicag@o. No crescimento vegetativo foram
avaliadas ntimero de folhas, didmetro do caule, altura da planta,
a area foliar, clorofila total, indice de flavonoides, ¢ balango de
nitrogénio, enquanto que para variaveis de produgdo avaliou-se
massa fresca da parte aérea e das raizes, peso fresco e seco, didmetro
e comprimento das inflorescéncias. A aplicacdo do PBZ promoveu
mudangas significativas no desenvolvimento da couve-flor originando
plantas mais compactas, com caules mais curtos, folhas menores e
com tonalidade de cor verde mais intensa (observacédo visual), além
de ter promovido a emissdo da inflorescéncia precocemente O maior
peso fresco, seco, didmetro e comprimento da inflorescéncia ocorreu
com aplicagéo de 0,5 mg dm de PBZ, demonstrando potencial do
PBZ para obtengdo de mini couve-flor para atender o mercado de
flor envasada.

Palavras-chave: Brassica oleracea, var. botrytis, plantas
ornamentais, paclobutrazol, floricultura.
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loriculture has gained considered

importance in the last decade in all
Brazilian regions, mainly due to the
fact that this is a significant profitable
activity, generating employment in both
rural and urban areas (Brainer, 2019).

This exploration involves multiple
forms from the production of cut flowers
and foliage, potted plants and seedlings,
aimed at landscaping and gardening, as
well as for indoor environments (Brainer,
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2019). However, the ornamental market
needs innovations and new products
which can improve the competitiveness
of the sector, increasing profit of the final
product (Costa et al., 2019).

In terms of innovations in the
ornamental plant market, vegetables
have been highlighted as an option.
The use of pepper and tomato plants
cultivated for ornamental purposes is
popular in Europe and the United States

(Bosland & Votava, 1999). However,
other species with high potential for
exploitation are also available in the
market. Among these vegetables is
the cauliflower, which has ornamental
potential, as it has a diverse coloration
and compact architecture, which is
ideal for potted cultivation (Torres et
al., 2017).

Nevertheless, the exploration of
a vegetable for ornamental purposes
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requires well-defined morphological
traits which are in accordance with the
market it will meet (Fischer, 2015). For
this purpose, the use of good strategies
for its production in order to guarantee
the desired morphological patterns in
the ornamental vegetable is essential.

Among these patterns, obtaining the
desired size is one of the most common,
which can be obtained through the use of
growth regulators (Franga et al., 2018).

Paclobutrazol (PBZ) is a popular
growth regulator, mainly because it is
an inhibitor of gibberellin biosynthesis
and, therefore, promotes restrictions
on vegetative development in several
species (Rademacher, 2000). In
brassicas, this technique changes the
physiology and growth rate of these
plants, modifying them to meet the
ornamental potential (Wanderley et al.,
2014; Teto et al., 2016; Jie Kuali et al.,
2017; Chen et al., 2019; Mog et al.,
2019).

However, the effectiveness of PBZ
varies according to the plant species,
which is mainly dependent on the product
dose, time and mode of application,
stage of development and physiology,
and environmental conditions of the
cultivations (Mabvongwe ef al., 2016;
Shankaraswamy & Neelavathi, 2016).

Applying PBZ in cauliflower can
help in growth inhibition, growing
plants with reduced size for ornamental
purposes, mainly because cauliflower is
a plant which develops in a very short
period of time, about 90 days. Therefore,
despite recent studies on the efficiency
of PBZ in controlling the growth of
some species, little is known about the
effects of this regulator on cauliflower.
Given the above, this study aimed to
evaluate the effect of PBZ, applied via
soil, in order to produce cauliflower for
ornamental purposes.

MATERIAL AND METHODS

The experiment was carried out in
an agricultural property located in the
municipality of Alegre-ES (20°47°3”’S,
40°36°55”W, 667 m altitude), from
March 24 to June 24,2019, in a nursery
covered with 50% shading screen.

According to Koppen’s
classification, the local climate is Cwa,

hot, humid tropical, cold and dry winter
and annual rainfall around 1.200 mm
(Alvares et al., 2013). Cultivation was
carried out during winter. Temperatures
ranged between 19° (minimum) and
28° (maximum), around 80% relative
humidity.

The soil used as substrate was
classified as Red-Yellow Latosol,
medium texture (Santos et al., 2018),
collected at 0-20 cm depth. The soil
sample was submitted to the laboratory
analysis, showing the following
chemical characteristics: pH=5.05; 1.7
mg dm? P(, . . ); 36.0 mg dm” K; 0.87
cmolc dm? Ca; 0.36 cmolc dm™ Mg;
0.15 cmolc dm? Al; 1.39 c¢cmol dm™
sum of bases; 1.54 cmolc dm? effective
CTC; 43.3% base saturation; 44% sand,
38% silt and 17% clay. Afterwards, the
sample was air-dried and then sieved
through a 5 mm mesh. The pH was
corrected by raising the basis saturation
at 70%, using limestone PRNT 90.

At 15 days before planting, organic
fertilization was performed. Sixty
grams of cattle manure were applied
per pot (60 t ha'). The dried manure
was submitted to analysis, showing the
following characteristics: 12.88 g kg
total N, 2.71 g kg' P, 20.90 g kg' K,
16.75 g kg' Ca, 5.62 g kg' Mg, 2.38
gkg'S,5.03 mgkg!'B, 93.35 mg kg
Zn, 535.3 mg kg' Mn, 8730.9 mg kg'!
Fe, 16.13 mg kg' Cu.

The experiment was carried out
in a completely randomized design
(DIC) with five treatments and seven
replicates. The treatments consisted of
doses of paclobutrazol (PBZ), a plant
growth regulator (0.5; 1.0; 1.5; 2.0
mg dm) and the control without the
application. The doses were defined
according to Zanao et al. (2018).

The caulifiower seedlings, hybrid
Barcelona, were produced in disposable
polyethylene trays with 162 cells filled
with commercial substrate Plantmax
®. Transplanting was carried out when
the seedlings showed two pairs of
definitive leaves, approximately 10 to
12 (cm) length. The seedlings were
transplanted to 3 liter plastic pots: 15.6
cm height, 19.8 cm top diameter and
13.8 cm bottom diameter. The pots
were completed up to 90% capacity
and placed on benches, approximately
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80 cm above the ground, laid out under
50% shading screen cover.

The commercial product Cultar ®
(active ingredient of paclobutrazol,
25% PBZ) was applied via soil on the
seedlings 10 days after transplanting
with a syringe within a 2 cm radius
of the seedlings. Then, the seedlings
were irrigated in order to homogenize
the active ingredient into the substrate.
The pots were irrigated daily in order
to keep soil moisture at homogeneous
levels (similar to the field capacity),
standardizing by the moisture loss from
the pots (in weight).

At 104 days after transplanting, the
number of leaves, stem diameter, plant
height and leaf area were evaluated,
with the aid of LICOR photoeletric area
meter (model 3100). Total chlorophyll
content was evaluated using Clorofilog
Falker, flavonoid content and nitrogen
balance (N) in the leaves were evaluated
using the Dualex Scientific +TM,
FORCE-A.

Right after being harvested, the
plants were fractionated and weighed in
order to obtain the fresh mass of shoot
and root, fresh and dry mass, diameter
and length of the inflorescences. The
roots were previously washed under
running water. Then, the chopped plants
were oven-dried, at 65°C for 72 hours
until reaching constant mass.

For data evaluation, linear regression
models were tested in order to assess
the equation adjustments which would
relate the studied variables with PBZ
doses. The models were chosen based
on evaluations of the behavior of the
graph of variables, the sum of squares
of the complete models, the coefficient
of determination (R?) and significance
of the regression coefficients (p<0.05)
using Student’s t test. All statistical
analyses were performed using Sisvar
5.0 (Ferreira, 2014).

RESULTS AND DISCUSSION

The authors observed that
paclobutrazol (PBZ) application
promoted significant changes in
cauliflower growth, originating more
compact plants, with shorter stems,
smaller leaves, showing more intense
green color (visual observation), besides
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having promoted early emission of
inflorescences (Figure 1).

We noticed a drastic decrease in
cauliflower growth at a dose of 1.5 mg
dm. This lower vegetative development
was observed at a dose of 0.5 mg dm>,

AG Teixeira et al.

when the plants reached 9.0 cm high,
7.0 mm stem diameter and 745.7 cm?
leaf area (Figure 2). We noticed a more
interesting plant size for ornamental
purpose, due to a more symmetrical
conformation, showing a more attractive

visual presentation (Figure 1).

In general, PBZ application
decreased by 42.82% the height, 34.8%
the stem diameter, 80% the leaf area and
increased 33% the number of leaves,
when applying greater doses of the

dose 0.5 dose 1.0

——-—-mg dm “-——-

Figure 1. Cauliflower plants treated with paclobutrazol (PBZ) at doses 0.0; 0.5; 1.0; 1.5; 2.0 mg dm=, 104 days after transplanting. Alegre,
UFES, 2019.

dose 15 dose 20

dose 0

; o
12 —~ 8
~ 11 g 4
£ 10 < ! & . .
Z 9 o g6 .
8 T e LI .2 s
2 7 =S
6 =4
g 3 g 3
A4 y=12.7143%% - 7.8086x + 13.117 @ g y=16x-452x+9.18
3 - 2
2 R?=0.94 1 R*=0.97
1 0
0 0.0 0.5 1.0 1.5 2.0
0.0 0.5 1.0 1.5 2.0 )
Paclobutrazol doses (mg dm™ ) Paclobutrazol doses (mg dm)
30
1800
1600 o 25 R L S -
1400 820 |
‘5 1200 E7 ¢
= 1000 _ 8 s
; 300 o £
3 600 g Z 1 ¥ =-3.6971% + 9.7663x + 19.035
400 R W s Re=090
200 y=494.02% - 1553.7x + 1517.4 :
0 R*=0.97 0
0.0 0.5 1.0 1,5 2.0 0.0 0.5 1.0 1§ 2.0
Paclobutrazol doses (mg dm ) Paclobutrazol doses (mg dm™)

Figure 2. Plant height, stem diameter, leaf area and number of leaves in cauliflower plants, applying paclobutrazol (PBZ), 104 days after
transplanting. Alegre, UFES, 2019.
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product (Figure 2), in relation to the
plants which did not receive PBZ.

The lower values for height,
diameter and leaf area can be explained
by PBZ action on plants, as it affects
the multiplication of the meristem,
by reducing the levels of endogenous
gibberellins, which are responsible for
cell elongation (Mog et al., 2019). The
increase of the number of leaves can
represent a compensatory reaction of
the plant to the decrease in leaf area,
seeking to recover the photoassimilates
production capacity, an effect already
observed with PBZ application in
jatropha (Jatropha curcas) (Ghosh et
al., 2010).

PBZ application promotes an

increase in chlorophyll content in
cauliflower leaves. The authors noticed
that the dose of 1.5 mg dm™ promoted
greater increases in chlorophyll content,
in relation to plants which did not receive
PBZ application. However, at a dose of
0.5 mg dm?, the authors also observed
effects on chlorophyll content with an
increase of 34.7% (Figure 3). The more
intense and velvety green color also
contributed in visual presentation of the
plants, which can make the plant more
attractive for the observers (Figure 1).

The effect of PBZ application
is related to degradation of active
gibberellins. Thus, several intermediates
in the biosynthetic pathway are
activated, increasing the synthesis

Total chlorophyll
]
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Figure 3. Total chlorophyll contents in cauliflower leaves, after paclobutrazol (PBZ)
application, at 104 days after transplanting. Alegre, UFES, 2019.

of phytol, which plays an important
role in the regulation of chlorophyll
synthesis (Chaney, 2003). The increase
in phytol synthesis contributed to higher
chlorophyll contents observed in leaves
(Sebastian et al., 2002). The darker
color improves the visual aspect of
the plant and consequently attracts the
consumer’s attention for ornamental
vegetables.

The authors noticed a decrease
in flavonoid contents when PBZ was
applied (up to the dose of 1.5 mg dm™)
and a tendency to increase these contents
with the increase of the dose (Figure 4).
This result shows that up to the dose of
1.5 mg dm?, the plant tolerates the stress
caused by the application of the growth
regulator, perhaps even by the effect of
PBZ, which belongs to the chemical
group of triazoles, which regulate some
constituents of antioxidant activity in
plants (Lin et al., 2006). It may also
indicate the activation of plant defense
mechanisms, due to the increase of
stress caused by the application of the
product, though.

The authors observed an increase
in nitrogen (N) balance up to the dose
of 1.0 mg dm™ of PBZ (Figure 4). This
behavior was observed as a consequence
of an increase in chlorophyll content
(Figure 3), which provided greater
N uptake by the leaves. Once again,
applying a dose of 0.5 mg dm™ of PBZ,
it is possible to observe an increase in
N balance, with quantities 60% higher
when compared to plants with no PBZ at
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Figure 4. Flavonoids and nitrogen balance of the cauliflower plants, applying paclobutrazol (PBZ), 104 days after transplanting. Alegre,

UFES, 2019.
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Figure 5. Fresh and dry mass of shoot area, and fresh and dry mass of caulifiower root, applying paclobutrazol (PBZ), 104 days after

transplanting. Alegre, UFES, 2019.
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Figure 6. Fresh mass, dry mass, diameter and length of the cauliflower inflorescence, using paclobutrazol (PBZ), at 104 days after

transplanting. Alegre, UFES, 2019.
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all, which means an interesting stimulus
to the cauliflower plant. Considering that
this plant accumulates high quantities of
N during its vegetative development, as
guarantees for the reproductive phase
and N supply for inflorescence (Kano
etal., 2010).

PBZ promoted a decrease in the
cauliflower plant development: lower
dry and fresh mass accumulations, both
in shoot and root parts of the plants
(Figure 5). However, we highlight that
a drastic decrease caused by higher
doses of PBZ (1.0 to 2.0 mg dm™) shall
result in loss of visual quality of plant
presentation. Thus, the accumulations
of shoot fresh mass (97.1 g plant') or
shoot dry mass (9.6 g plant'), as well
as the accumulation of root fresh mass
(10.0 g plant1l) and of root dry mass
(1.7 g plant'), obtained using a dose
of 0.5 mg dm™, showed that PBZ is
able to decrease the cauliflower plant
development, promoting smaller plants,
keeping the visual aspect attractive to
the observer.

The doses of PBZ provided early
cauliflower inflorescence, considering
that the plants, which did not receive
any PBZ, were the only ones which
did not flower up to 104 days after
transplanting (Figure 1). Besides, the
authors observed that in Figure 6 the
highest fresh and dry masses, diameters
and the longest inflorescence lengths
were obtained with the use of 0.5 mg
dm? (Figure 6).

Based on the results obtained in this
study, the authors concluded that PBZ
application promoted significant changes
in the development of cauliflower
originating more compact plants, with
shorter stems, smaller leaves, and more
intense green color (visual observation)
and also presence of inflorescence.

Applying 0.5 mg dm> of PBZ,
the authors observed a better balance
between vegetative development and
flowering, obtaining the best visual
observation of the plant. This may
indicate the potential of this dose to

obtain minicauliflower to serve the
potted flower market.
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